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I. INTRODUCTION 

Defendant Innovative Wireless Solutions LLC (“IWS”) contends that declaratory 

judgment Plaintiffs Cisco Systems, Inc. (“Cisco”) and Ruckus Wireless, Inc. (“Ruckus”)  

infringe 75 different claims in the three asserted patents:  U.S. Patent Nos. 5,912,895 (the “’895 

Patent”); 6,327,264 (the “’264 Patent”); and 6,587,473 (the “’473 Patent”) (collectively, the 

“Terry Patents”).1  The parties propose substantially different approaches to construing the 

disputed terms of those 75 claims.  Cisco and Ruckus follow the framework established by the 

Federal Circuit and propose constructions that are guided by the intrinsic evidence and aligned 

with the narrowly-defined invention described in the Terry Patents.  IWS ignores the 

consequences of the narrowly-drafted specification and claims, and instead, proposes expansive 

constructions (or no constructions at all) with the transparent goal of having an expert later try to 

read the claims on standards-based Wi-Fi access points used in wireless local area networks 

(“wireless LANs”) that are nowhere described or enabled by the Terry Patents.  

As explained below, the Terry Patents expressly and unequivocally teach an easy-to-

deploy solution that uses a wired connection, such as the then prevalent two-wire copper 

telephone lines, to provide network access between devices or networks that were located far 

apart, i.e., at distances over which conventional Ethernet communications could not reliably 

operate.  (Ex. A, ’895 Patent, 2:19-21; 3:21-30).  Indeed, at the time of the invention, the 

maximum segment length for a 10BASE-T Ethernet LAN was around 100 meters.  (Id. at 8:26-

35).  The very point of the Terry Patents was to find a reliable way to use available wired 

networks to transmit at much longer distances than 100 meters between networks or network 

devices.  
                                                 
1 The Terry Patents share a common specification and are attached as Ex. A (’895 Patent), Ex. B 
(’264 Patent) and Ex. C (’473 Patent) to the Sangalli Declaration accompanying this brief.  For 
convenience, all citations to the specification in this brief are with reference to the ’895 Patent. 
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The problem of providing long-distance network access, however, is not solved using a 

short distance Wi-Fi communication path, such as those facilitated by the accused wireless LAN 

access points.  Indeed, Wi-Fi networks, like Ethernet networks, have a limited usable range (i.e., 

approximately 100 meters).2  These types of networks are very different than the Terry Patents 

invention as illustrated by the fact that the Terry Patents never use the term “wireless” or any of 

its known synonyms in the claims, specification or figures. 

Yet, when it comes to infringement, the only technology IWS accuses is Wi-Fi access 

points that provide a wireless communications path between an Ethernet local area network3 at 

one end and a wireless device at the other end.  IWS’ attempt to turn patents that propose a long 

distance, wired network solution into patents that cover short range, wireless network devices 

pushes the outer boundaries of zealous advocacy.  Simply put, IWS cannot contort the 75 

asserted claims to cover wireless networks that are not described anywhere in the intrinsic record 

and that would not be suitable to solve the problem purportedly solved by the Terry Patents.  

A. The Terry Patents 

The Terry Patents, as described by their title – Information Network Access Apparatus 

and Methods for Communicating Information Packets Via Telephone Lines – relate to a specific 

technique for communicating information long distances over the two-wire telephone lines that 

were in common use in 1996.4  (Bold added).  The problem that the Terry Patents intend to solve 

is how to provide network access to a local network or device that is located relatively far away: 

“Increasingly, access to the Network is required from devices that are relatively distant from 

existing Network facilities.”  (Id. at 2:19-22 (bold added)).  The Terry Patents expressly and 

                                                 
2 This will be explained in much greater detail in the technology tutorial.  
3 The Terry Patents define a LAN as a network that “provide[] communication among devices 
within a relatively small geographical area,” such as “within a building.” (Id. at 1:15-17; 2:8-10). 
4 The Terry Patents’ earliest priority date is May 1, 1996. 
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unequivocally propose to solve this problem using two-wire conventional telephone lines: 

Access to a … network is provided via a telephone line by providing a master 
modem at the head and a slave modem at the subscriber end of the line.   

(Id. at Abstract (bold added)).  The Terry Patents then describe the alleged invention: 

This invention relates to information network access, and is particularly 
concerned with apparatus and methods for communicating information packets, 
generally referred to as Ethernet frames, via two-wire lines such as telephone 
subscriber lines. 

(Id. at 1:6-10 (bold added)).  And throughout the Terry Patents, the applicants affirm their 

invention as a wired one.  For example,     

 “Advantageously, the communication path comprises a two-wire telephone 
subscriber line and modems communicate said information packets via the 
line…” (id. at 4:8-9 (bold added));  

 
 “The invention also provides a method of coupling a terminal device to a 

CSMA/CD network via a two-wire subscriber line….”  (id. at 5:22-24 (bold 
added)). 

These are just a few examples of the applicants’ affirmation that their invention is a wired 

solution.  Importantly, each and every figure in the Terry Patents shows the communication path 

as a “two wire” path.  And, of equal importance to this case, the Terry Patents are silent with 

regard to the possibility of a “wireless” connection or path.  No such teaching can be found in the 

claims, the specification, the figures, or the prosecution history.   

The absence of any reference or discussion of applying the alleged invention to a wireless 

network is for good reason:  the Terry Patents were trying to solve the unique problems 

associated with providing network access over existing long-distance wired communications 

paths.  Thus, the Terry Patents are explicit in their disclosure of a long-distance, wired solution, 

even going so far as to discussing the average length (about 1,700 meters) and maximum length 
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CSMA/CD scheme is particularly useful for communications over the short wired segments of a 

local area network where a modem can detect whether another modem is transmitting over the 

wire and wait until the transmission is complete, this scheme is not suitable for use over 

distances greater than 100 meters.  This is because propagation delays and signal attenuation 

(i.e., loss of signal strength) are inherently imposed by the wired medium and make detection of 

transmissions by other devices practically impossible.  (Id. at 8:26-39).   

Consequently, the inventors proposed a different point-to-point communications protocol 

that could address the collision problem, but in a manner that would not rely on CSMA/CD.  The 

inventors coined their new protocol “Ethernet frame Collision Avoidance Protocol” (or ECAP).7  

Rather than trying to detect collisions by sensing the use of the communication path, the Terry 

Patents impose a rigorous control scheme that prevents collisions from occurring altogether.  To 

do so, the invention of the Terry Patents relies on the point-to-point nature of the wired 

communications path, which makes it possible to define a master/slave relationship between the 

modems that are connected at the two fixed endpoints.  (Ex. A at 9:41-45; Ex. D at p. 9).  

Collisions are addressed (and effectively eliminated) over the long distances required for 

network access by giving the master modem priority and complete control over the slave modem 

and all communications on the communications path.  (Ex. A at 12:46-52).  The master modem 

determines when to send information to the slave modem, and the slave modem transmits 

information only when it is permitted to do so by the master modem.  According to the Terry 

                                                                                                                                                             
device detects that the path is being used (Collision Detection), it waits until the transmission is 
complete and the path is free before commencing its transmission.  (Id. at 8:4-18). 
7 Mr. Griffith, then VP of sales & marketing of Elastic Networks, referred to the technology as 
“Ethernet on a telephone line.”  (See Ex. E. to Sangalli Decl. (S. Biagi, “Into the ether” (Apr. 26, 
1999) (CC-000143-45)).  The technology was marketed under the name “EtherLoop” in 
recognition that it used existing two-wire telephone lines (i.e., “loops”) to transmit Ethernet 
frames of information.  (Ex. D at 4). 
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Patents: 

This waiting, and the subsequent operation of the slave modem in response to a 
received frame and operation of the master modem, ensures that collisions on the 
line 12 are avoided by giving control of the ECAP frames on the line 12 entirely 
to the master modem. 

(Id. at 15:1-6 (bold added)). 

The Terry Patents are equally clear regarding what the invention is not:  a short distance 

solution, such as for use in a local area network.  Such a solution – no less a short distance 

wireless solution – was not necessary, because short distance solutions using Ethernet over 

twisted pair wiring were well known:   

[D]evices that are located relatively close to one another, for example within a 
building, can be relatively easily connected in a LAN using twisted pair wiring.  

(Id. at 2:8-10 (bold added)).  Thus, for relatively short distance networks (in the range of a few 

hundred feet), the Terry Patents acknowledge that existing communication protocols, such as 

Ethernet,8 work well.  (Id.).  Accordingly, the Terry Patents did not purport to disclose or claim a 

solution for communicating within a local area network at all. 

B. IWS’ Constructions Are Motivated by Its Overly Broad Infringement 
Theories, Rather than the Intrinsic Record 

Against this backdrop, IWS’ proposed constructions (or general lack of constructions) 

ignore the fundamental teachings and invention of the Terry Patents for the purpose of expanding 

the claim scope to encompass Wi-Fi access points that transmit wirelessly over relatively short 

distances, neither of which (wireless nor short distance) are the subject of the invention disclosed 

                                                 
8 For purposes of the invention, the Terry Patents consider the Ethernet standard to be equivalent 
to the IEEE 802.3 standard, entitled “Carrier Sense Multiple Access with Collision Detection 
(CSMA/CD) Access Method and Physical Layer Specification.”  The term CSMA/CD is used 
generically to refer to both technologies.  (Ex. A at 1:33-39). 
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in the Terry Patents.  IWS urges the Court to construe only a minimal number of terms9 with the 

intent of capturing additional claim scope through ambiguities that may remain.10  For a handful 

of terms, IWS relies on carefully culled dictionary definitions, i.e., extrinsic evidence, to support 

what it characterizes as established ordinary meanings, which are completely divorced from the 

intrinsic record.  While IWS would like the Terry Patents to capture the short distance, wireless 

technology that is used in wireless LANs and unsuited to solve the problem of long-distance 

network access, the Terry Patents, by their express terms, are limited to a very particular solution 

that leverages and is tailored for then-conventional wired infrastructure. 

II. THE LAW OF CLAIM CONSTRUCTION 

A. General Principles 

“It is a ‘bedrock principle’ of patent law that ‘the claims of a patent define the invention 

to which the patentee is entitled the right to exclude.’”  Phillips v. AWH Corp., 415 F.3d 1303, 

1312 (Fed. Cir. 2005) (en banc) (quoting Innova/Pure Water Inc. v. Safari Water Filtration Sys., 

Inc., 381 F.3d 1111, 1115 (Fed. Cir. 2004)).  In claim construction, courts examine the patent’s 

intrinsic evidence to define the patented invention’s scope.  See id.; C.R. Bard, Inc. v. U.S. 

Surgical Corp., 388 F.3d 858, 861 (Fed. Cir. 2004); Bell Atl. Network Servs., Inc. v. Covad 

Commc’ns Group, Inc., 262 F.3d 1258, 1267 (Fed. Cir. 2001).  This intrinsic evidence includes 

                                                 
9 Initially, IWS proposed that the “plain and ordinary” meaning governed all claim terms, only 
later changing its mind for a handful of terms when faced with language that plainly had no 
“plain and ordinary” meaning.  IWS recognizes that there are genuine disputes over the disputed 
terms and, by advocating the adoption of “plain and ordinary” meanings, IWS is kicking the 
disputes down the road for the purpose of maintaining the viability of its infringement theories. 
10 One notable exception is the term “information frame” that IWS added in response to 
Plaintiffs’ provision of a invalidity claim chart for a draft of the IEEE standard that forms the 
basis of IWS’ infringement contention.  Apparently, IWS was not aware that the draft standard 
specification predated the patents.  Now, IWS proposes an overly-narrow construction of 
“information frame” to avoid certain of its claims being found invalid based on the draft 
standard. See, Joint Motion For Leave To Supplement Plaintiffs' Preliminary Invalidity 
Contentions And To Extend The Claim Construction Schedule (Dkt. Nos. 38 [Cisco case] and 36 
[Ruckus case]) (“Joint Motion Regarding Plaintiffs’ Invalidity Contentions”). 
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the claims themselves, the specification, and the prosecution history.  See Phillips, 415 F.3d at 

1314; C.R. Bard, Inc., 388 F.3d at 861.  Courts generally give claim terms their ordinary and 

accustomed meaning as understood by one of ordinary skill in the art at the time of the invention 

in the context of the entire patent.  Phillips, 415 F.3d at 1312–13; Netcraft Corp. v. eBay, Inc., 

549 F.3d 1394, 1397 (Fed. Cir. 2008). 

The claims themselves provide substantial guidance in determining the meaning of 

particular claim terms.  Phillips, 415 F.3d at 1314.  A term’s context in the asserted claim can be 

very instructive in determining its meaning.  Id.  Claim construction, therefore, requires focusing 

on “the invention” as a whole, not just ordinary meanings of individual words in a claim: 

Ultimately, the interpretation to be given a term can only be determined and 
confirmed with a full understanding of what the inventors actually invented and 
intended to envelop with the claim.  The construction that stays true to the claim 
language and most naturally aligns with the patent’s description of the invention 
will be, in the end, the correct construction.   

Id. at 1316.  “[T]he specification ‘is always highly relevant to the claim construction analysis. 

Usually, it is dispositive; it is the single best guide to the meaning of a disputed term.’”  Id. 

(quoting Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582 (Fed. Cir. 1996)); Teleflex, 

Inc. v. Ficosa N. Am. Corp., 299 F.3d 1313, 1325 (Fed. Cir. 2002).  This is true because a 

patentee may define his own terms, give a claim term a different meaning than the term would 

otherwise possess, or disclaim or disavow the claim scope.  Phillips, 415 F.3d at 1316.  In these 

situations, the inventor’s lexicography governs.  Id.   

Moreover, when a patentee has clearly defined the scope of the invention in the 

specification, it is not only proper, but necessary, for claim constructions to confine the claims to 

that which the inventor has truly invented.  On Demand Mach. Corp. v. Ingram Indus., 442 F.3d 

1331, 1338 (Fed. Cir. 2006) (“the scope and outer boundary of claims is set by the patentee’s 

description of his invention.”)  Netword, LLC v. Centraal Corp., 242 F.3d 1347, 1352 (Fed. Cir. 
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2001) (“The claims are directed to the invention that is described in the specification; they do not 

have meaning removed from the context from which they arose.”).  See also Astrazeneca AB v. 

Hanmi USA, Inc., No. 2013-1490, 2013 U.S. App. LEXIS 25199 **8-9 (Fed. Cir. 2013) 

(confining claims to structure specification identified as “new” and “novel”); Sunovion Pharms., 

Inc. v. Teva Pharms. USA, Inc., 731 F.3d 1271, 1277 (Fed. Cir. 2013) (limiting claim terms to an 

embodiment that was “repeatedly and consistently described” as “the invention”); Computer 

Docking Station Corp. v. Dell, Inc., 519 F.3d 1366, 1374 (Fed. Cir. 2008) (noting that “repeated 

and definitive remarks in the written description could restrict a claim limitation to a particular 

structure”); Toro Co. v. White Consol. Indus., 199 F.3d 1295, 1301 (Fed. Cir. 1999) (limiting 

claim term to unitary structure because “[n]o other structure is illustrated or described … To the 

contrary, the specification described the advantages of the unitary structure as important to the 

invention.”).    

The prosecution history is another tool to supply the proper context for claim 

construction because a patent applicant may also define a term in prosecuting the patent.  Home 

Diagnostics, Inc., v. Lifescan, Inc., 381 F.3d 1352, 1356 (Fed. Cir. 2004) (“As in the case of the 

specification, a patent applicant may define a term in prosecuting a patent.”).   

Although extrinsic evidence can be useful, it is “‘less significant than the intrinsic record 

in determining the legally operative meaning of claim language.’”  Phillips, 415 F.3d at 1317 

(quoting C.R. Bard, Inc., 388 F.3d at 862).  Technical dictionaries and treatises may help a court 

understand the underlying technology and the manner in which one skilled in the art might use 

claim terms, but technical dictionaries and treatises may provide definitions that are too broad or 

may not be indicative of how the term is used in the patent.  Id. at 1318.   

B. Indefiniteness Under 35 U.S.C. § 112, ¶ 2 

A claim is indefinite if the court determines that it is not amenable to construction and is 
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“insolubly ambiguous.”  Novo Indus., L.P. v. Micro Molds Corp., 350 F.3d 1348, 1353, 1358 

(Fed. Cir. 2003).  A claim is considered “insolubly ambiguous” when the claim language, the 

specification, and the prosecution history fail to provide any guidance as to what one of skill in 

the art would interpret the claim to require.  Honeywell Int’l, Inc., v. ITC, 341 F.3d 1332, 1338 

(Fed. Cir. 2003).  The party asserting indefiniteness must do so by clear and convincing 

evidence.  Exxon Research & Eng’g Co. v. United States, 265 F.3d 1371, 1376 (Fed. Cir. 2001). 

III. DISPUTED TERMS 

IWS contends that the Terry Patents apply to wireless access points implementing 

standards-based Wi-Fi local area network protocols to communicate information between 

devices that are located relatively close to one another.  IWS’ application of the claims of the 

Terry Patents to the accused products reveals several claim construction disputes.  The parties’ 

competing constructions for each disputed term are set forth below, followed by a discussion of 

the reasons Plaintiffs’ proposals are correct and should be adopted by the Court. 

A. “bidirectional communications path”/ “communications path” (’895 Patent (claim 
1, 3-12, 15, 17-20, 27-37, 40, 48, 49, 51-53); ’264 Patent (claims 5-9); ’473 Patent (claims 1, 
3, 4, 7-9, 11, 15, 17-19, 22-24, 26, 30-35, 37, 38, 40-42)) 

Plaintiffs’ Construction IWS’ Construction 
a wired communications path for 
exchanging information between 
two endpoints 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of these terms.  Moreover, these phrases should not be construed 
in their entirety as proposed by Plaintiffs because an ordinary juror can 
understand the ordinary English words and grammar in them.  Rather, only 
words or terms that an ordinary juror could not understand should be 
construed.   

If the Court believes a construction of “bidirectional” is necessary for the 
purposes of jury comprehension, then IWS proposes: “bidirectional” / 
“bidirectionally”:  Capable of transmission in either or both directions. 

 
The parties’ dispute centers on whether the scope of these terms and, by extension the 

claims, should be aligned with the narrowly-defined invention described in the Terry Patents, or 

left open-ended so that IWS can maintain its infringement theories.  
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The Terry Patents describe a technology that was specifically developed and designed for 

the sole purpose of providing network access over long distances using two-wire telephone lines: 

Thus, although as described here the line 12 is a telephone subscriber line, it can 
be appreciated that the same arrangement of master and slave modems operating 
in accordance with this new protocol can be used to communicate Ethernet 
frames via any twisted pair wiring which is too long to permit conventional 
10BASE-T or similar LAN interconnections. 

(Ex. A at 9:45-51 (emphasis added)).  Although other wired mediums (e.g., coaxial and hybrid 

fiber-coax television cables) suitable for long distance communications paths were available at 

the time of the Terry Patents and referenced in the Patents, no medium is contemplated for the 

purported invention other than a wired line.  Specifically, the concept of using a wireless 

medium is not even mentioned in the Terry Patents.  Indeed, in every instance, the Terry Patents 

consistently refer to a “communications path” as a wired path.  (See, e.g., id. at Figs. 1, 3, 4, 7, 8 

& 15; 7:1-18, 8:26-63; 9:8-12; 9:32-10:57; 11:1-12:17; 13:35-14:20; and 1:6-10).   

Notably, the Terry Patents not only confine the communications path for which their new 

solution is designed to a wired connection, the Patents also disclaim any network access paths – 

including a wired path – that are short enough to support conventional local area network 

protocols.  Devices that are interconnected by relatively short paths would not benefit from 

Terry’s long distance point-to-point ECAP protocol because they already implement CSMA/CD: 

[D]evices that are located relatively close to one another, for example within a 
building, can be relatively easily connected in a LAN using twisted pair wiring.  
For CSMA/CD communications via the LAN and for access to the Network, each 
device is easily equipped with an Ethernet interface card, which is connected via a 
respective twisted pair of wires to a repeater or CSMA/CD hub, and with TCP/IP 
(Transmission Control Protocol/Internet Protocol) software that handles the 
packetized communications. 

(Id. at 2:8-16 (bold added)).  The Terry Patents apply only to longer, wired communication 

paths, such that Terry’s ECAP “protocol and modems simply serve to replace a direct (short-
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distance) connection between the interface 30 and the twisted pair wiring 36 by a remote 

connection via the (much greater distance) two-wire line 12.” (Id. at 9:41-45 (emphasis added)).     

IWS will contend that Plaintiffs are reading a preferred embodiment (wired) into the 

claims, but that is not the case.  The wired embodiment is not a preferred embodiment; it is the 

only embodiment and goes to the heart of the invention.  For the purpose of this analysis and as a 

matter of claim construction principle, the specification “is always highly relevant to the claim 

construction analysis.  Usually, it is dispositive; it is the single best guide to the meaning of a 

disputed term.”  Honeywell, 452 F.3d at 1318, quoting Phillips, 415 F.3d at 1315.  And when the 

patent drafter has evidenced a clear intent in the specification to limit claim scope to a described 

embodiment – even going so far as to provide a clear indication of what the invention is not – 

that intent should be reflected in the claim construction.  (See § II.A., supra, at pp. 8-9). 

For example, the Federal Circuit in Honeywell, limited the scope of a claimed “fuel 

injection system component” to the “fuel filter” that was described in the specification on the 

basis that “a fuel filter was not merely discussed as a preferred embodiment,” but was repeatedly 

referred to as “the present invention ” or “this invention.”  Honeywell, 452 F.3d at 1318.  In 

addition, the fuel filter was the only fuel injection system component disclosed in the 

specification that had the characteristics set forth in the claims.  Id.11 

                                                 
11 See also, SciMed Life Sys. v. Advanced Cardiovascular Sys., 242 F.3d 1337, 1342 (Fed. Cir. 
2001) (limiting inflation lumen claimed as “separate from” a guide wire lumen and limited to 
referring to coaxial lumens based on language in the specification); Wang Labs, Inc. v. AOL, 
Inc., 197 F.3d 1377 (Fed. Cir. 1999) (limiting the claim term “frame” to refer only to bit-mapped 
display systems since those were the only type of system described and enabled in the patent 
specification); MySpace, Inc. v. Graphon Corp., 672 F.3d 1250, 1257 (Fed. Cir. 2012) (refusing 
to limit generic term “database” to relational where the specification is devoid of clear indication 
that invention should be limited to one type of database); Rembrandt Techs, LP v. Cablevision 
Sys. Corp. (In re Rembrandt Techs, LP, Patent Litig.), 496 Fed. Appx. 36, 43 (Fed. Cir. 2012) 
(finding claimed “signal point” limited to a two-dimensional coordinate based on unambiguous 
context of patent’s specification). 
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Like the fuel filter in Honeywell, a two-wire line between two endpoints is the only type 

of communications path repeatedly described in the Terry Patents as part of the invention.  From 

the Title,12 to the Abstract,13 to the Specification,14 the applicants clearly limited the scope of 

their invention.  Just as the fuel filter in Honeywell was the only described component having the 

characteristics required by the claim language, a long-distance wired path extending between two 

fixed endpoints is the only type of medium disclosed in the specification for which the inventors 

designed their “new point-to-point protocol,” ECAP.  (Ex. A at 9:33-38).  ECAP’s rigorous 

master/slave control scheme is configured specifically to ensure that communications over 

lengthy wired paths are reliable.  ECAP works because the fixed, point-to-point nature of a wired 

path allows for definition of the required master/slave relationship between the devices at the two 

fixed ends of the path.  Collisions are effectively eliminated by providing the master device with 

priority and complete control over communications, so that the slave device can use the 

communications path only when permitted to do so by the master.  (Id. at 12:46-52; 15:1-6). 

Where the patentee has made the scope of the invention clear, the “public is entitled to 

take the patentee at his word.”  Honeywell, 452 F.3d at 1318.15  Here, the Terry Patents are clear 

that the invention is an apparatus and method for network access via a wired communications 

path extending between two fixed endpoints.  The Terry Patents also are clear that the ECAP 

                                                 
12 “Information network access apparatus and methods for communicating information packets 
via telephone lines.”  (Ex. A at Title (emphasis added)).   
13 Summarizing the purported invention as:  “Access to a CSMA/CD … network is provided via 
a telephone line.”  (Id. at Abstract (emphasis added)). 
14 (See, e.g., id. at 1:6-10 (explaining that “[t]his invention … is particularly concerned with 
apparatus and methods for communicating information packets… via two-wire lines such as 
telephone subscriber lines.”); 4:8-9 (stating that “[a]dvantageously, the communications path 
comprises a two-wire telephone subscriber line”); and 9:48-49 (“this new protocol can be used 
to communicate Ethernet frames via any twisted pair wiring”) (emphases added in all cites)). 
15 See § II.A., supra, at pp. 8-9. 
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protocol only has advantages over existing protocols when implemented over distances for which 

local area network protocols would not be reliable.  

By urging that a “plain and ordinary” meaning should apply, IWS seeks to divorce the 

claim scope from the context of the Terry Patents, ignoring the inventors’ description of a 

specific problem and their tailored solution.  However, a patentee cannot capture through claim 

construction subject matter that is inconsistent with the nature of the invention that has been 

described.  See Alloc Inc. v. ITC, 342 F.3d 1361, 1370 (Fed. Cir. 2003) (considering “whether the 

specification refers to a limitation only as part of less than all possible embodiments or whether 

the specification read as a whole suggests that the very character of the invention requires the 

limitation be part of every embodiment”).  Moreover, IWS’ infringement theories suggest an 

application of the purported “plain meaning” of the terms that is divorced from the Terry Patents 

and is at odds with Plaintiffs’ understanding of the claim terms.  Under these circumstances, 

construction of the term is needed to resolve the parties’ disputes.  See O2 Micro Int’l Ltd. v. 

Beyond Innovation Tech. Co., 521 F.3d 1351, 1361 (Fed. Cir. 2008) (“A determination that a 

claim term ‘needs no construction’ or has the ‘plain and ordinary meaning’ may be inadequate 

when … reliance on a term’s ‘ordinary’ meaning does not resolve the parties’ dispute.”).   

IWS’ alternative proposal for the terms “bidirectional/bidirectionally” also is not 

supported by the intrinsic record, is nonsensical, and does not resolve the parties dispute.  

According to IWS, a bidirectional path is “capable of transmission in either or both directions.”  

IWS’ proposal thus would encompass a communications path on which transmissions occurred 

in only one of two directions.  This construction cannot be reconciled with the purported 

invention of the Terry Patents, which focuses on preventing collisions between communications 

Case 1:13-cv-00492-LY   Document 44   Filed 03/04/14   Page 19 of 41



 

 15 

traveling in both directions on the same path – a scenario that does not occur on a uni-directional 

path.  And, IWS’ proposal simply ignores the medium of the “communication path.” 

B. “control information” (’895 Patent (claims 1, 4, 5, 48); ’264 Patent (clams 5, 8); ’473 
Patent (claims 1, 11, 14, 16, 26, 30, 31, 35)) 

Plaintiffs’ Construction IWS’ Construction 
information provided in a data or control 
frame by the [master modem/first end/first 
modem/control unit/control unit of the first 
unit/another apparatus] that dictates when 
information can be communicated over the 
communications path   

IWS contends that the plain and ordinary meaning in the field 
governs the construction of this term.  Moreover, this phrase should 
not be construed because an ordinary juror can understand all of the 
words in it, which are ordinary words in the English language.   

Despite the fact that “control information” is critical to the operability of the claimed 

invention, IWS urges the Court to leave interpretation of this term entirely in the hands of the 

jury.  Plaintiffs’ construction, on the other hand, ensures that the scope of the asserted claims 

remains aligned with the disclosed invention.  Specifically, “control information” should be 

construed to mean information that dictates when the device at the other end of the path can 

communicate information over the wired path:   

Thus the master modem 34 determines when to send information downstream 
via the line 12, and informs the slave modem when it is permitted to send 
information upstream via the line 12.   

(Ex. A at 12:49-52 (emphasis added); see also id. at 14:1-4 (“control information can instead be 

incorporated into the ECAP data frames”)).  

Without control information from a master device, the invention does not work.  The 

rigorous use of control information is the mechanism that prevents collisions between 

communications on the long-distance wired path.  In the Terry Patents, control information 

differs in nature from what might be considered control information in a contention-based 

communication scheme (such as CSMA/CD), where multiple devices contend amongst 

themselves for access to a shared path.  Indeed, a contention-based scheme would be contrary to 
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the description of the invention set forth in the Terry Patents, which is specifically designed to 

provide a communications solution in an environment in which the Patents acknowledge a 

contention-based scheme would not work (e.g., a long-distance wired path where signal 

attenuation and propagation delays make collision detection impossible).   

The Terry Patents provide specific examples of control information that is used with the 

ECAP protocol, including a poll for the slave modem to transmit a frame of data upstream, a 

request for retransmission by the slave modem that was not received correctly or other control 

information such as operating parameters for the slave modem, a request for status information, 

such as fills of the slave modem’s buffers, all of which are conditions precedent to the slave 

modem transmitting a frame on the path.  (Id. at 14:57-65).  Consistent with Plaintiffs’ 

construction, each of these examples corresponds to information sent from the master modem 

that “dictates when information can be communicated on the communications path.”  

IWS’ proposal ignores a fundamental aspect of Terry’s technology.  Plaintiffs’ 

construction ensures that the claim scope stays true to the invention and should be adopted.   

C. “supplying information packets … to the communications path in dependence 
upon the control information” (’895 Patent (claim 1)) 

Plaintiffs’ Construction IWS’ Construction 
providing information packets to 
the communications path under 
control of and in response to 
received control information 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following 
construction: “information packets”:  See above. 

Again, Plaintiffs’ construction is aligned with the intrinsic record and IWS’ construction 

is not.  According to the Terry Patents, reliable communications over the lengthy path require 

that the slave modem not supply information packets to the path until the master modem first 

sends control information authorizing the transmission.  (Id. at 12:49-56; 15:1-6 (“This waiting, 
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and subsequent operation of the slave modem in response to a received transmission … ensures 

that collisions on the line 12 are avoided.”)).  Plaintiffs’ construction reflects this critical feature 

of Terry’s technology, requiring that information is provided to the path “under control of and in 

response to received control information.”    

IWS’ call for plain and ordinary meaning again seeks to avoid Terry’s narrow solution 

and does nothing to facilitate an understanding of the scope of the claims in the context of the 

Patents.  Even if “in dependence upon the control information” had an ordinary meaning, 

construction is required to ensure that this ordinary meaning is consistent with the Terry Patents.  

See O2 Micro, 521 F.3d at 1361.  

D. “wherein the control information and the dependence on the control information 
... are arranged to avoid collisions ... between information packets communicated 
from the first buffer to the second buffer and information packets 
communicated from the third buffer to the fourth buffer” (’895 Patent (Claim 1)) 

Plaintiffs’ Construction IWS’ Construction 
wherein information packets from 
the third buffer are supplied to the 
communications path only in 
response to control information so 
that a communication from the 
third buffer to the fourth buffer 
cannot occur when a 
communication from the first 
buffer to the second buffer is 
present on the communications 
path 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following:  

“collision”:  The condition where transmissions on a channel overlap, 
preventing successful transmission. 

“buffer”:  A device or storage area used to temporarily store data sent or 
received over a network. 

“information packets”:  See above 

IWS again urges that the jury should be left to decipher an entire phrase that not only 

involves complex technology, but also is the language in the claim that is directed to a critical 

aspect of Terry’s invention:  avoiding collisions on a long-distance wired communications path.  

The Terry Patents are unequivocal regarding the manner in which collisions are avoided.  A 

master device that is in complete control of the communication path and a slave device that is 

subject to the control of the master device are required:  
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Referring now to FIG. 14, at a block 140 the control unit 102 of the slave modem 
32 initially waits for a frame to be received from the master modem 34. This 
waiting, and the subsequent operation of the slave modem in response to a 
received frame and operation of the master modern, ensures that collisions on 
the line 12 are avoided by giving control of the ECAP frames on the line 12 
entirely to the master modem 34.  

(Id. at 14:66-15:6 (emphasis added)).  

The ECAP protocol establishes a control scheme that avoids collisions on the 

communications path by effectively eliminating the possibility that a collision can ever occur.  

This result is accomplished by using control information that is supplied to a communications 

path by a device that has been designated as the master.  The device at the other end of the path 

is completely dependent on that control information.  It cannot supply any information to the 

communications path until it is permitted to do so by received control information.   

Plaintiffs’ construction reflects this control scheme, which is set forth in the phrase-at-

issue as “control information” and a “dependence on the control information” that are arranged 

to avoid collisions.  A “dependence on the control information” means that information can be 

supplied from a device at the second (dependent) end of the communications path only in 

response to control information.  This scheme is “arranged to avoid collisions” because a 

communication from a device at the second (dependent) end of the path cannot occur when a 

communication from a device at the first (control) end is present on the path.   

IWS’ proffered constructions for basic terms like “collision,” “buffer,” and “information 

packets” do nothing to explain what is meant by “arranged to avoid collisions” or how “control 

information and the dependence on control information” accomplishes that goal.  Plaintiffs’ 

proposed construction provides the needed guidance and should be adopted. 

E. “control unit” (’895 Patent (claim 48); ’264 Patent (claims 5, 8); ’473 Patent (claim 30)) 
and “control unit is responsive to control information, from another apparatus 
coupled to the communications path” (’264 Patent (claim 8)) 
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Plaintiffs’ Construction IWS’ Construction 

“control unit” 

a unit that performs the necessary 
conversion between the Ethernet frames and 
the ECAP data frames, and generates and 
responds to the ECAP control and response 
frames 

IWS contends that the plain and ordinary meaning in the field 
governs the construction of this term.  Moreover, this phrase should 
not be construed at all because an ordinary juror can understand all 
of the words in it, which are ordinary words in the English 
language.   

“control unit is responsive to control information, from another apparatus coupled to the communications 
path” 

the control unit permits the supply of 
information to the communications path 
only in response to control information 
received by the control unit 
 

IWS contends that the plain and ordinary meaning in the field 
governs the construction of this term.  Moreover, this phrase should 
not be construed at all because an ordinary juror can understand all 
of the words in it, which are ordinary words in the English 
language.   

Failing to construe these phrases creates a risk that they will be interpreted in a manner 

inconsistent with Terry’s purported invention.  At first blush, one might interpret the phrase to 

mean simply a unit that controls, but the intrinsic record teaches that there is more to it than that.  

Plaintiffs’ proposals are consistent with the invention and reflect the Terry Patents’ description 

of a “control unit” as a device “in the master and slave modems [that] perform the necessary 

conversions between the Ethernet frames and ECAP data frames, and generate and respond to 

the ECAP control and response frames.”  (’895 Patent, 12:59-62).  In other words, both the 

master and slave modems have control units and in the slave modem, the control unit responds to 

control information that directs or controls the activity of the slave modem.   

And with respect to the second phrase to be construed, Cisco and Ruckus propose a 

construction that reflects the fundamental aspect of master modem control to prevent collisions 

by clarifying that the control unit (in the slave modem) permits the supply of information to the 

communications path only in response to control information received by the control unit (from 

the master modem).  Again, the essence of the Terry Patents’ ECAP protocol is that the slave 

modem is permitted to transmit information on the wired path only in response to received 

control information to thereby prevent collisions on the path.  Plaintiffs’ proposed construction 
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captures what it means to be “responsive” to control information “from another apparatus” and 

provides context for the jury’s comprehension of the claim limitation.   

F. “half duplex communications”/“half duplex manner” (’895 Patent (claim 48); ’264 
Patent (claims 5, 8); ’473 Patent (claims 1, 2, 11, 26, 30, 35, 36)) and “using half duplex 
communications controlled by the first modem” (’473 Patent (claims 1, 35)) 

Plaintiffs’ Construction IWS’ Construction 
“half duplex communications”/“half duplex manner”

The phrases “half duplex 
communications” and “half 
duplex manner” in these broader 
phrases should be construed to 
mean “form of communication in 
which communication signals are 
provided to the communications 
path so that information is 
traveling on the communications 
path in only one direction at any 
given moment in time”. 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of these terms.  Moreover, these phrases should not be construed 
in their entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed.   

For the purposes of jury comprehension, IWS proposes the following 
constructions:  

“half duplex”:  Transmission in either direction on a channel, but only in one 
direction at a time. 

“information packets”:  See above. 

If the Court believes a construction of “bidirectionally” is necessary for the 
purposes of jury comprehension, then IWS proposes: “bidirectional” / 
“bidirectionally”:  See above.     

“using half duplex communications controlled by the first modem” 
where the information is 
travelling on the path in only one 
direction at a time and under 
control of the first modem 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following 
construction: “half duplex”:  See above.    

Plaintiffs’ constructions again are supported by the intrinsic record that makes clear that 

the master modem controls communications supplied by a slave modem, thereby, ensuring that 

information can be traveling on the communications path in only one direction at any given 

moment in time.  By comparison, IWS’ proposed construction – “transmission … only in one 

direction at a time” – allows for the scenario where both the slave modem and the master modem 

transmit information at different times, but the communications nonetheless collide on the 

communications path.  In other words, the phrase half-duplex as used in the intrinsic record (and 

specifically the claims) requires more than simply transmitting at different times.  The claim 

require that only one set of transmitted information is on the shared communication path at one 
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time.  That is the very essence of the control structure imposed by the claims.  Otherwise, the 

slave modem could transmit information after control information was transmitted by the master 

modem, but before it was completely received by the slave modem, thereby causing a collision.  

This situation is prohibited by Terry’s control scheme that permits the slave device to supply 

information to the path only if the slave device has received control information permitting it to 

do so.  Thus, IWS’ construction that focuses only on the time of transmission, rather than the use 

of the communication path, is not consistent with the invention.16  Cisco and Ruckus’ 

construction – which focuses on whether a communication is present on the path – is aligned 

with the invention and should be adopted. 

G. “master modem”/“slave modem” (’473 Patent (claim 26)) 

Plaintiffs’ Construction IWS’ Construction 
a modem at a first end of the bidirectional 
communications path that controls how all 
communications are supplied to the path 
 
a modem at a second end of the 
bidirectional communications path that 
supplies information to the path only in 
response to control information received 
from the master modem 

IWS contends that the plain and ordinary meaning in the field 
governs the construction of these terms.   

For the purposes of jury comprehension, IWS proposes the 
following constructions:   

“master modem”:  A modem having control over other modem(s). 

“slave modem”:  A modem which is controlled by a master 
modem. 

The nature of the relationship between the master and slave modems is the focus of this 

dispute.  The Terry Patents accomplish their inventive purpose by giving complete control over 

“how all communications are supplied to the path” to the master modem and restricting the slave 

modem so that it can supply “information to the path only in response to control information 

received from the master modem.”  (See, e.g., Ex. A at 12:46-52; 14:66-15:6).  Control by a 

master device over communications is critical to the operability of the protocols described in the 

Terry Patents.  Without complete control by a master device, collisions could not be avoided.  

                                                 
16 This phrase “using half duplex communications controlled by the first modem” appears only in 
the ’473 Patent.  Cisco and Ruckus have added “under control of the first modem” to reflect the 
additional limitation included in the claims of the ’473 Patent.   
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Cisco and Ruckus’s construction reflects this control relationship.   

In contrast, IWS’ proposal ignores the intrinsic record and provides generic definitions of 

master and slave devices that imply that any level of control will suffice.  IWS’ construction is 

contrary to the invention because it encompasses the scenario where a slave modem could supply 

communications to the path without being first authorized or controlled by a master modem.  

IWS’ proposed construction departs from the intrinsic evidence and should be rejected.  

H. “CSMA/CD” (’895 Patent (claims 1, 6, 7, 15, 16, 27-37, 40, 48, 51-53); ’264 Patent (claims 
5, 8); ’473 Patent (claims 1, 10, 11, 17, 18, 25, 26, 30, 32, 33, 35, 39-42)) 

Plaintiffs’ Construction IWS’ Construction 
No construction is necessary. Techniques compatible with connecting to networks such as Ethernet 

networks, where a device that wishes to transmit on the network 
listens and checks to see if the channel is free for sending data.  If the 
channel is not free, or if a collision is detected during transmission, 
the device waits for a small amount of time and tries again. 

The parties’ dispute regarding “CSMA/CD” stems from IWS’ attempt to replace the 

meaning of a term that is defined in the specification with an incomplete explanation that is 

ostensibly aimed at jury comprehension.  The Terry Patents define the acronym “CSMA/CD” 

with reference to the “Carrier Sense Multiple Access with Collision Detection” protocol that is 

described in the IEEE standard 802.3 and was well-known.  (Id. at 1:33-45).  To the extent that 

the jury would benefit from an explanation regarding the nuances of a CSMA/CD scheme, that 

explanation can be more completely and accurately provided through the trial testimony of the 

parties’ experts, who will testify regarding the technology at issue in this lawsuit.  IWS’ 

proposed construction is neither helpful nor accurate.  It departs from the Terry Patent’s deferral 

to the published standard, and does not accurately capture the meaning of “Carrier Sense 

Multiple Access with Collision Detection.”  For example, IWS’ proposal is incomplete in that it 

fails to explain the mechanism by which a device determines if a channel is “free.”  IWS’ 

proposal also is inaccurate in that it states that CSMA/CD is a technique “compatible with 
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connecting to a network,” where CSMA/CD actually is a standard that is used to “facilitate 

communications on” a network.  (Id. at 1:26-27).  The proposal also is inaccurate to the extent 

that it infers that a device can detect a collision “during transmission” of information.  Instead, 

potential collisions are detected before a transmission is to be sent, not during the transmission, 

and actual collisions are detected afterwards.  These are just a few examples of the confusion that 

IWS’ proposal would engender.  IWS’ proposal should not be adopted.  

I. “CSMA/CD interface” (’895 Patent (claims 1, 6, 7, 15, 16, 27-37, 40, 48, 51-53); ’264 
Patent (Claims 5, 8); ’473 Patent (claims 1, 10, 25, 26, 30, 35, a 39-42)) 

Plaintiffs’ Construction IWS’ Construction 
an interface to a CSMA/CD 
path or terminal device 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs because an ordinary juror can understand the word 
“interface.”  For the purposes of jury comprehension, IWS proposes the following 
construction: “CSMA/CD”: See above. 

Cisco and Ruckus’s proposed construction adheres to the specification, which explains 

that the purported invention includes “an interface for supplying and receiving information 

packets of Ethernet frames.”  (Id. at 6:8-9).  The specification defines this “interface . . .”  as 

either “a CSMA/CD interface to [(i)] a CSMA/CD path, or ... [(ii)] a direct interface to a terminal 

device.”  (Id. at 6:8-9; 6:23-25).  It follows that a “CSMA/CD interface” is an interface or 

connection to either a path (e.g., a network) or a device that sends or receives Ethernet packets 

that use the CSMA/CD protocol.  Where the specification provides a meaning for a claim term, 

that meaning controls claim construction.  Toro Co. v. White Consolidated Indus. Inc., 199 F.3d 

1295, 1301 (Fed. Cir. 1999).  Cisco and Ruckus’s proposed construction is consistent with the 

manner in which a “CSMA/CD interface” is consistently used in the specification. 

IWS’ construction relies on an alleged “plain and ordinary meaning” of the term 

“interface” in combination with its incomplete definition of “CSMA/CD.”  That construction 

ignores the specification and, again, would leave the jury to its own devises to understand a 
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technical term that, in the context of the Terry Patents, is not readily used in everyday 

conversations.  Cisco and Ruckus’s construction is consistent with the specification, would be 

helpful to the jury, and should be adopted. 

J. “information frame” (’895 Patent (claims 3, 4); ’473 Patent (claims 2, 12, 13, 36)) 

Plaintiffs’ Construction IWS’ Construction 
No construction is necessary.  Alternatively, to the extent that the Court 
believes a construction is necessary, Plaintiffs propose “a group of bits 
that represent information and are transmitted over a network as a unit.” 

A group of bits transmitted over a 
network as a unit which includes a data 
field. 

The term does not need to be construed because its meaning can be readily ascertained 

from the context of the claim language.  IWS, nevertheless, proposes an unnecessary 

construction that is unsupported by the intrinsic record and serves no purpose other than to 

narrow the claim scope in an effort to salvage the validity of the subject claims.  

The core dispute with respect to this term is IWS’ proposal that an “information frame” 

must include a “data field.”  IWS’ reference to a “data field,” however, introduces ambiguity and 

is inconsistent with the intrinsic record.  First, it is unclear what scope IWS attributes to the term 

“data,” which lends to the ambiguity of its proposed construction.  If IWS does not intend the 

term “data” to be exclusive of the various forms of control and error checking information that is 

a focus of the claimed invention and the claims, it is unclear why it appends the phrase “which 

includes a data field” to its proposed construction.17 

Second, if IWS intends the term “data” to be exclusive of the forms of control and error 

checking information that is a focus of the claimed invention and the claims, the reference to 

“data field” is contrary to the intrinsic record.  Where the claims require that the information 

                                                 
17 Pursuant to the parties’ Joint Motion For Leave To Supplement Plaintiffs' Preliminary 
Invalidity Contentions and to Extend the Claim Construction Schedule (Dkt. Nos. 38 [Cisco 
case] and 36 [Ruckus case]), IWS added the term “information frame” in response to Plaintiffs’ 
supplemental invalidity contentions regarding the draft 802.11 specification.  According to IWS’ 
counsel, this construction was necessary in response to Plaintiffs providing those contentions. 
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frame have a particular structure, they include the necessary language.  For instance, claim 3 of 

the ’895 Patent and claims 2 and 12 of the ’473 Patent state that the information frames include 

“error check fields for error checking of at least the enveloped information packets.”  Claim 4 of 

the ’895 Patent requires that the information frames also include “control information,” and 

claims 3 and 13 of the ’473 Patent require that the information frames include “information 

relating to operation of the modems.”  Although each of these claims further define the structure 

of an information frame, none of these claims identify a “data field” (that is exclusive of control 

information or error control represented as data) as part of the required structure.   

Similarly, the patent drafter knew how to claim a “data field” limitation when intended.  

For instance, dependent claim 6 of the ’895 Patent and dependent claims 4 and 17 of the ’473 

Patent further limit an information packet to having “at least address, length, and data fields.”  

Thus, when the patent drafter intended a claim limitation – such as a packet or a frame – to have 

a particular structure – such as a “data field” – that structure is expressly recited in the claims. 

The specification likewise does not support IWS’ importation of a “data field” limitation 

through the construction of “information frame.”  The “information frames” in the claims at 

issue are supplied to the bidirectional communications path and are the frames that carry the 

information necessary to implement the Terry Patents’ ECAP protocol.  The Patents explain: 

To facilitate these communications, the information sent via the line 12 
comprises not only the data packets of Ethernet frames for Network 
communications but also control packets downstream and response packets 
upstream … . These packets are incorporated into ECAP frames examples of 
which are described below with reference to FIGS. 9 to 11. 

(Ex. A at 12:52-59 (emphasis added)).  While the example of the ECAP frame shown in Fig. 10 

includes a “data” field, the example frame in Fig. 11 does not:   
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Thus, the ECAP protocol does not require that an “information” frame must include a data field 

as suggested by IWS, but contemplates that the frame can carry any of user data, control 

information and/or response information.  IWS’ construction, which requires the frame to 

include a data field, is inconsistent with the intrinsic record and should be rejected.  

Finally, although Plaintiffs believe that a construction of this phrase is unnecessary, to the 

extent that the Court believes that a construction would be helpful, their proposal should be 

adopted.  It is consistent with the intrinsic record by capturing the full scope of information that 

may be encompassed by a frame.  It also avoids the ambiguity introduced by IWS’ proposal.18  

K. “enveloping information packets in information frames”/ “enveloping 
information corresponding to at least one of the […] information packets in at 
least one […] information frame” (’895 Patent (claim 3); ’473 Patent (claims 2, 12, 26)) 

 
Plaintiffs’ Construction IWS’ Construction 

encapsulating intact Ethernet frames 
containing information packets in 
information frames 
 
encapsulating an intact Ethernet 
frame containing at least one 
information packet in one 
information frame 
 
 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of these terms.  Moreover, these phrases should not be 
construed in their entirety as proposed by Plaintiffs.  Rather, only words or 
terms that an ordinary juror could not understand should be construed.   

For the purposes of jury comprehension, IWS proposes the following 
constructions:  

“information packets”:  A unit of data for transmission over networks of 
some finite size and which may be transmitted over a network by being 
enveloped in one or more frames. 

“information frames”:  See above. 

Here, the essence of the parties’ dispute centers on the meaning of the term “enveloping,” 

which appears in various dependent claims of the Terry Patents.  Cisco and Ruckus’s 

construction is consistent with the manner in which the term is used in the intrinsic record.  IWS 

ignores the fundamental dispute and instead offers a definition for “information packets.”  

The stated goal of the Terry Patents is to provide network access so that communications 

from/to an Ethernet network can be communicated over a lengthy wired communications path.  

                                                 
18 The parties do not dispute that a frame is “transmitted as a unit over a network.” 
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(Id. at 2:6-10 (“This invention … is particularly concerned with … communicating information 

packets, generally referred to as Ethernet frames, via two-wire lines.”); 2:19-21 (“Increasingly, 

access to Networks is required from devices that are relatively distant.”)).  One aspect of the 

proposed solution is to use the ECAP protocol as an envelope for the Ethernet frames so that 

they can be sent over long distances.  The specification explains that “an Ethernet frame is 

enveloped, intact, and without any change, within an ECAP frame.”  (Id. at 13:11-13 (emphasis 

added); see also id. at 12:63-13:13; 9:31-51).  This is the same act recited in the claims:  

“enveloping information” and shown in Fig. 9: 

 

As an alternative to “enveloping” Ethernet frames, the specification also discloses that an 

ECAP frame can be formed by stripping various fields from the Ethernet frame and then “only 

the remainder of the Ethernet frame … [is] incorporated into the ECAP frame.”  (Id. at 13:14-

18).  This alternative embodiment, i.e., incorporating unstripped portion of the Ethernet frame 

into the ECAP frame, is very different than enveloping an intact Ethernet frame as disclosed in 

the claim.  By using the term “enveloping” in the claims, the applicant’s intent to capture a 

specific described embodiment in which the frames are enveloped and maintained intact is clear.  

IWS ignores this distinction and proposes, instead, what it characterizes as the plain and ordinary 

meaning for a term that does not have a plain and ordinary meaning.  IWS also ignores that the 

Terry Patents use the term “enveloping” only in conjunction with a specific embodiment where 

the Ethernet frame is maintained “intact, and without any change.”  Cisco and Ruckus’s 

proposed construction is consistent with the intrinsic record and should be adopted. 
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L. “multiplexing the modem” (’895 Patent (claims 12, 20)) and “multiplexing signals of 
the first modem” (’473 Patent (claims 5, 20)) 

Plaintiffs’ Construction IWS’ Construction 

“multiplexing the modem” 

This phrase is insolubly ambiguous in 
view of the claims and in the context of 
the specification and therefore incapable 
of construction. 

IWS contends that the plain and ordinary meaning in the field governs 
the construction of this term.  Moreover, this phrase should not be 
construed in its entirety as proposed by Plaintiffs.  Rather, only words 
or terms that an ordinary juror could not understand should be 
construed. 

For the purposes of jury comprehension, IWS proposes the following 
constructions: “multiplexing” / “multiplexed”:  Techniques for 
transmitting two or more signals over a channel, such as interleaving 
transmissions or subdividing a common channel. 

“multiplexing signals of the first modem” 

The phrase “signals of the first modem” 
is insolubly ambiguous in the context of 
the claim and in view of the specification 
and therefore incapable of construction. 
 
To the extent that this phrase is capable 
of construction, it should be construed as 
“combining [signals of the first modem] 
for transmission as a single signal”. 

IWS contends that the plain and ordinary meaning in the field governs 
the construction of this term.  Moreover, this phrase should not be 
construed in its entirety as proposed by Plaintiffs.  Rather, only words 
or terms that an ordinary juror could not understand should be 
construed. 

For the purposes of jury comprehension, IWS proposes the following 
constructions:  “multiplexing” / “multiplexed”:  See above. 

The phrases multiplexing “the modem” and “signals of the first modem” do not have a 

meaning that can be discerned from the intrinsic record.  As a starting point, the term 

“multiplexing” is a term of art that is defined consistently with its usage in the Terry Patents.19  

According to the Terry Patent specification, multiplexing describes the act of combining multiple 

sets of information packets for transmission as a single stream of information packets.  (Ex. A at 

Fig. 7, 9:56-61, 10:29-34 & 11:1-53).  In the Terry Patents, the master modem “contains 

multiplexing functions” and demultiplexing functions.  (Id.)  The multiplexing function permits 

the master modem to receive multiple streams of information packets from multiple telephone 

lines and combines them for transmission over the CSMA/CD path.  Likewise, the 

demultiplexing function permits the master modem to demultiplex or divide a single stream of 

                                                 
19 See Ex. F to Sangalli Decl. (IEEE STANDARD DICTIONARY OF ELECTRICAL AND ELECTRONICS 

TERMS  1984 (“multiplexing”); NOVELL’S DICTIONARY OF NETWORKING 1997 (“multiplexing”)). 
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information packets received from the CSMA/CD path for transmission as multiple streams of 

information packets, each of which is destined for a slave modem at the other end of the wired 

line.  In other words, the master modem’s multiplexing function is used to combine information 

packets received from multiple communication paths, i.e., telephone lines, and the 

demultiplexing function is used to separate information packets for transmission along multiple 

communication paths to multiple slave modems.   

 By comparison, the claims use the term multiplexing in an ambiguous and seemingly 

opposite way.  Claims 5 and 20 of the ‘473 Patent require “multiplexing signals of the first 

modem” (i.e., at the master modem) for “communicating information” with a “plurality of 

second modems” (i.e., a plurality of slave modems at the end of multiple wired paths).  In other 

words, the claims suggest that a multiplexing function, as opposed to a demultiplexing function, 

is used to send data from a single master modem to multiple slave modems.  This does not make 

technical sense because taking a single signal received by the master modem from the 

CSMA/CD path and separating it into multiple streams of information packets for 

communication to multiple slave modems at the other end of multiple communication paths 

requires a demultiplexor, not a multiplexor.  Because the claims require “multiplexing signals,” 

rather than “demultiplexing signals,” they are ambiguous as to what is multiplexed and how. 

Claims 12 and 20 of the ‘895 Patent contain a similar ambiguity.  These claims require 

“multiplexing the modem at the first end of the communications path” (i.e., at the master 

modem) for “communicating information packets with a plurality of modems at the second ends” 

(i.e., a plurality of slave modems at the end of multiple wired paths).20  In other words, the 

claims suggest that a multiplexing function, as opposed to a demultiplexing function, is used to 

                                                 
20 Additionally, modems are not multiplexed; data or information they are sending or receiving is 
multiplexed.  The claims’ misuse use of the term multiplex exacerbates the ambiguity. 
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send data from a single master modem to multiple slave modems.  This does not make technical 

sense because taking a single stream of information packets received by the master modem from 

the CSMA/CD path and separating it into multiple streams of information packets for 

communication to multiple slave modems at the other end of multiple communication paths 

requires a demultiplexor, not a multiplexor.   

These claims would leave one of ordinary skill in the art to wonder: did the patentee 

mean to use the term demultiplex, rather than multiplex; or is something other than the 

signal/information packet being transmitted by the modem at the first end of the communication 

path being multiplexed.  Because this question cannot be answered by the disclosure of the 

intrinsic record, the claims are insolubly ambiguous and not amenable to construction. 

M. “multiplexer . . . for multiplexed connections of the CSMA/CD interface via 
respective buffers to respective communication paths” (’895 Patent (claim 51)) 

Plaintiffs’ Construction IWS’ Construction 
device for combining the 
information packets received by 
the first unit from multiple 
communication paths, each path 
associated with a connection and 
buffer in the first unit 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following 
constructions:  

“multiplexing” / “multiplexed”:  See above. 

“buffers”: See above. 

 
Cisco and Ruckus’s construction of this phrase provides clarity and is based on the 

intrinsic record.  IWS’ generic construction of isolated words lacks context and is not helpful. 

The technique of multiplexing, as taught by the Terry Patents, is explained above.  

Plaintiffs’ construction clarifies what is performing the multiplexing and the flow of the 

information packets.  Particularly, claim 51, in which this phrase appears, requires that the first 

unit (i.e., the master modem) have “respective buffers” for the multiple two-wire paths.  Each of 

the multiple communication paths is “associated with a connection and buffer in the first unit.” 
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Accordingly, Plaintiffs’ construction that adds clarity and is consistent with the intrinsic record, 

is helpful to the jury and should be adopted. 

N. “MAC-layer packet grouping of data that is grouped to fit into one MAC-layer 
packet of CSMA/CD networks” (’473 Patent (claims 1, 11, 26, 30, 35)) 

Plaintiffs’ Construction IWS’ Construction 
This phrase is insolubly ambiguous 
in the context of the claim and in 
view of the specification and 
therefore incapable of construction. 
 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an 
ordinary juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following 
constructions:  

“MAC-layer” / “MAC layer”:  The layer of a network which provides 
functions between the physical layer and the logical link control layer, 
including controlling access to the communication channel(s). 

“packet”:  A unit of data for transmission over networks of some finite size 
and which may be transmitted over a network by being enveloped in one or 
more frames.  

“CSMA/CD”: See above.  

This phrase does not appear in its entirety in the specification and there is no discussion 

in the specification that sheds light on the meaning of a “MAC-layer packet grouping of data” or 

how that “grouping of data” can be “grouped to fit” into a MAC-layer packet of a CSMA/CD 

network.  Indeed, neither the specification nor the prosecution history describes any data 

structure that is “grouped to fit” into another data structure.  Does “grouped to fit” mean that 

portions of the packet are rearranged into groups?  Or are portions of the data packet removed or 

re-sized?  Without any guidance in the specification or the prosecution history, the meaning and 

scope of the claim language is left unknown.   

Notably, IWS has failed to offer a construction that would shed light on the meaning of 

“grouped to fit” within the context of this phrase.  IWS resorts instead to proposing constructions 

of only isolated terms, again suggesting that the jury should be left on its own to determine the 

meaning of terminology that does not appear anywhere in the Terry Patents’ description of the 

purported invention.  IWS has failed to provide a construction because the meaning of this 
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phrase cannot be discerned and, as such, should be found indefinite. 

O. “MAC layer grouping of information on the CSMA/CD path” (’473 Patent claim 41) 

Plaintiffs’ Construction IWS’ Construction 
an Ethernet frame at the MAC 
layer  

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed by Plaintiffs.  Rather, only words or terms that an ordinary 
juror could not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following:  

“CSMA/CD”: See above. 

“MAC-layer” / “MAC layer”:  See above. 

The phrase, “MAC layer grouping of information on the CSMA/CD path,” uses highly 

technical language that only appears as an complete phrase in the claims.  Nonetheless, IWS 

urges that a plain and ordinary meaning should apply and that only a couple of words, plucked 

from the context of the phrase, need to be explained to the jury.  Cisco and Ruckus believe that 

more is required and have offered a construction that both finds support in the intrinsic record 

and facilitates juror comprehension.   

To start, Figure 2 of the Terry Patents illustrates an “Ethernet frame at the MAC layer”:   

 

(Ex. A at Fig. 2 & 7:44-54).  The specification states that at the MAC layer, communications 

“within and between the Network 10, router 40, switch 38, and master modem 34 comprise 

Ethernet frames … . Similarly, communications between the slave modem 32 and the Ethernet 

interface 30 comprise Ethernet frames as described above … .”  (Id. at 9:24-29).  These passages 

indicate that the only disclosed “grouping of data” that exists at the MAC layer of a CSMA/CD 

path (as required by the claim language) is an “Ethernet frame.”   
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Furthermore, the proper construction of this phrase is clarified by the prosecution history 

of the ’473 Patent, where the Patent Office rejected certain claims on the basis that the addition 

of “MAC-layer” claim limitations were not described in the Terry Patents.  The patentee 

overcame the rejection by representing that the specification “describe[s] the format of ‘an 

Ethernet frame at the MAC layer’” with reference to Figure 2.  (Ex. G to Sangalli Decl. at p. 20 

(’473 Patent, Pros. History, Jan. 2, 2003 Amendment)).  Statements made by the patentee during 

prosecution to secure allowance of the claims are relevant to claim construction.  Medtronic, Inc. 

v. Guidant Corp., 465 F.3d 1360, 1373 (Fed. Cir. 2006).  Here, the claim, specification and 

prosecution history all support the construction proposed by Cisco and Ruckus. 

IWS’ proposal ignores the intrinsic record and does not clarify the meaning of “MAC 

layer grouping of data on the CSMA/CD path.” It should be rejected.   

P. “the half duplex communications are MAC-layer half-duplex such that once 
information corresponding to a first MAC-layer packet grouping of data has 
begun to be transmitted into the bidirectional communications path the 
information corresponding to the first MAC-layer packet grouping of data is 
completely transmitted into the bidirectional communications path before 
information corresponding to a second MAC-layer packet grouping of data is 
allowed to begin to be transmitted into the bidirectional communications path” 
(’473 Patent (claim 35)) 

Plaintiffs’ Construction IWS’ Construction 
once a frame has begun to be 
transmitted on the 
communications path, the 
transmission must be received at 
the other end of the path before a 
second frame can be transmitted 
in the opposite direction on the 
communications path 

IWS contends that the plain and ordinary meaning in the field governs the 
construction of this term.  Moreover, this phrase should not be construed in its 
entirety as proposed.  Rather, only words or terms that an ordinary juror could 
not understand should be construed. 

For the purposes of jury comprehension, IWS proposes the following:  

“half duplex”:  See above. 

“MAC-layer” / “MAC layer”:  See above. 

“packet”: See above.   

If the Court believes a construction of “bidirectional” is necessary for the 
purposes of jury comprehension, then IWS proposes: “bidirectional” / 
“bidirectionally”:  See above.   

The parties’ dispute over this phrase focuses on the meaning of “completely transmitted.”  
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This dispute is similar to the parties’ dispute with respect to the “half-duplex” phrases in Section 

II.F., supra.  Cisco and Ruckus’ construction clarifies that collisions are prevented because 

“completely transmitted” means exactly that – once a device begins transmission of a frame, a 

device at the other end of the path cannot begin a transmission until that device has received the 

previously transmitted frame.  Reception of the frame prior to transmission ensures that 

communication are half-duplex, i.e., “information is travelling on the communications path in 

only one direction at any given moment in time.” (See supra § II.F (“half-duplex” construction)).   

Cisco and Ruckus’ construction is consistent with the Terry Patents’ ECAP control 

scheme, which prevents collisions by giving control over all communications to the master 

modem and requiring the slave modem to wait to receive control information before supplying a 

communication to the path.  (Ex. A at 12:46:52, 14:66-15:6).  The claims and specification thus 

make explicit that a communication cannot be “completely transmitted” until it is received at the 

other end of the path.  Absent this restriction on the meaning of “completely transmitted,” the 

claims would encompass situations where collisions do occur – a result that is contrary to Terry’s 

invention.  For example, if a device at the second end of the path did not have to wait to receive 

the previously transmitted frame, the device could begin its own transmission while the 

previously transmitted frame was still traveling on the path. 

IWS, on the other hand, simply relies on its faulty definition of “half-duplex” that is 

discussed in Section II.F.  For the same reason that IWS’ proposed construction of half-duplex 

fails to capture the teaching and disclosure of the intrinsic record, its present proposed 

construction fails and introduces ambiguity into the claim that does not otherwise exist.  Cisco 

and Ruckus’s construction averts this result and should be adopted. 
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Q. “changing direction of communication of MAC layer groupings of information 
… after the completion of transmission of the information corresponding to the 
first information packet” (’473 Patent (claim 40)) 

Plaintiffs’ Construction IWS’ Construction 
changing direction of flow of frames on the 
communications path only after a 
transmitted frame has been received at the 
other end of the communications path   

IWS contends that the plain and ordinary meaning in the field 
governs the construction of this term.  Moreover, this phrase should 
not be construed in its entirety as proposed by Plaintiffs.  Rather, 
only words or terms that an ordinary juror could not understand 
should be construed. 

For the purposes of jury comprehension, IWS proposes:  

“MAC-layer” / “MAC layer”:  See above. 

“information packet”: See above. 

The essence of the parties’ dispute is narrowly focused on the meaning of “after the 

completion of transmission” in the context of this claim.  As explained in §§ II.C., D. and E., 

supra, Plaintiffs’ construction is aligned with the invention described in the Terry Patents – i.e., a 

communications protocol with a control scheme that prevents collisions from occurring over a 

long distance path.  That control scheme requires “waiting” by the slave device and then 

operating only “in response to a received frame” to “ensure[] that collisions on the line 12 are 

avoided.”  (Id. at 15:1-4 (emphasis added)).  In other words, the direction of flow on the 

communications path changes only after a transmitted frame is received.  IWS again attempts to 

avoid the intrinsic record by relying on its proposed constructions for “MAC layer” and 

“information packet” in isolation.   

IV. CONCLUSION 

“The construction that stays true to the claim language and most naturally aligns with the 

patent’s description of the invention will be, in the end, the correct construction.”  Phillips, 415 

F.3d at 1316.  Cisco and Ruckus’s proposed constructions satisfy this bedrock tenet of patent 

law, while IWS’ proposed constructions do not.  Cisco and Ruckus therefore respectfully request 

that the Court adopt their proposed construction for each of the disputed claim terms.   
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involving moral turpitude and am competent to give this Declaration.  I am a member in good 
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3. Attached hereto as Exhibit “A” is a true and correct copy of U.S. Patent No. 

5,912,895 (the “’895 Patent”). 

4. Attached hereto as Exhibit “B” is a true and correct copy of U.S. Patent No. 

6,327,264 (the “’264 Patent”). 

5. Attached hereto as Exhibit “C” is a true and correct copy of U.S. Patent No. 

6,587,473 (the “’473 Patent”). 

6. Attached hereto as Exhibit “D” is a true and correct copy of “EtherLoop Next-

Generation DSL,” published by Elastics Network Inc., and dated February 2000, previously 

produced at bates numbers CC-000013-35. 

7. Attached hereto as Exhibit “E” is a true and correct copy of S. Biagi, “Into the 

ether,” April 26, 1999, downloaded from 

http://connectedplanetonline.com/mag/telecom_ether/index.html, and previously produced at 

bates numbers CC-000142-45. 

8. Attached hereto as Exhibit “F” is a true and correct copy of excerpts from IEEE 

STANDARD DICTIONARY OF ELECTRICAL AND ELECTRONICS TERMS 1984 (print version) and 

NOVELL’S DICTIONARY OF NETWORKING 1997 (print version), showing definitions of the term 

“multiplexing.” 

9. Attached hereto as Exhibit “G” is a true and correct copy of a portion of the ’473 

Patent Prosecution History, Second Response with Amendments and Remarks, pp. 1-25, mailed 

January 2, 2003. 
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I declare under penalty of perjury that the foregoing is true and correct and that the 

statements made upon information and belief are believed by me to be true. 

 Executed this 4th day of March , 2014 at Houston, Texas. 
 
       /s/ Diana M. Sangalli    
       Diana M. Sangalli 
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1 

INFORMATION NETWORK ACCESS 
APPARATUS AND METHODS FOR 

COMM UNICATING INFORMATION 
PACKETS VIA TELEPHONE LINES 

This invention relates to information network access, and 
is particularly concerned with apparatus and methods for 
communicating information packets, generally referred to as 
Ethernet frames, via two-wire lines such as telephone sub
scriber lines. 

BACKGROUND OF THE INVENTION 

Computers and related devices arc increasingly being 
connected into networks for communications between the 
devices. Typically, the networks comprise LANs (local area 
networks) which provide communications among devices 
within a relatively small geographical area, different LANs 
being interconnected via MANs (metropolitan area 
networks) and WANs (wide area networks). This bas 
resulted in a global computer information network which is 
generally known as the Internet. The term "Network" is used 
herein to refer generically to this global computer informa
tion network and to any other network of computers and 
related devices. 

Different technologies can be used to facilitate commu
nications on any LAN and throughout the Network, the most 
common being Carrier Sense M uJtiple Access with Collision 
Detection (CSMNCD) technology. This is documented in 
IEEE Standard 802.3 entitled "Carrier Sense Multiple 
Access with Collision Detection (CSMNCD) Access 
Method and Physical Layer Specifications" which has been 
adopted by the International Organization for Standardiza
tion (ISO). The 802.3 Standard is based on the 1985 Version 

2 
lOBASE-T and provides baseband communications at a data 
rate of 10 Mb/s over twisted pair wiring. The performance 
specifications are generally met by up to 100m (meters) of 
0.5 mm telephone twisted pair wire without the use of a 

5 repeater. Longer wiring lengths are permitted as long as the 
perfom1ance specifications, in particular a maximum delay, 
are met. 

Accordingly, devices that are located relatively close to 
one another, for example within a building, can be relatively 

10 easily connected io a LAN using twisted pair wiring. For 
CSMNCD communications via the LAN and for access to 
the Network, each device is easily equipped with an Ethernet 
interface card, which is connected via a respective twisted 
pair of wires to a repeater or CSMNCD hub, and with 

15 TCP/IP (fransmission Control ProtocoVlnternet Protocol) 
software that handles the packetized communications at 
Layers 3 and 4 of the OSI model (Network and Transport 
Layers, respectively). 

Increasingly, access to the Network is required from 
20 devices that are relatively distant from existing Network 

facilities. For example, such devices may be located within 
residences and small businesses, a.nd they may be isolated 
computers or they may be connected in a LAN that is not 
connected to the rest of the Network. Such devices may for 

25 example comprise general-purpose computers or specific
purpose devices such as a Network browser, game machine, 
and/or entertainment device, and may also comprise related 
and/or ancillary equipment such as workstations, printers, 
scanners, bridges, routers, etc. that it may be desired to 

30 connect to the Network. The generic term " terminal device" 
and its abbreviation "TD" is used below to embrace all such 
devices. 

It is known to provide for access to the Network from a 

35 
relatively distant terminal device, or TD, via a communica
tions path between a router on the Network and the distant 
TO, the communications path typically being constituted by 
a telephone line. 

2 Standard for Ethernet and, although there are some dif
ferences including different use of a length/ type field, the 
two Standards are largely interchangeable and can be con
sidered equivalent as far as this invention is concerned. The 
term "CSMNCD" is used herein to refer generically to tbis 
technology. Using CSMNCD, packets of data are commu- 40 
nicated in frames that are generally referred to as Ethernet 
frames. This term is also used herein, regardless of whether 
the frames comply with the 802.3 Standard or the Ethernet 
Standard (i.e. regardless of the value contained in the 
length/ type field of the frame). 

A simple form of such a communications path is a serial 
link comprising modem communications via a conventional 
two-wire telephone line. At Layers 1 and 2 of the OSl model 
the CSMNCD communication, which can not be used on 
the serial link because of its length and characteristics, is 
replaced for the communication with each distant TD by 

4s modem communications via the respective telephone line 
and a point-to-point protocol, such as PPP (Point to Point 
Protocol) or SLIP (Serial Link Internet Protocol). Currently, 
modem communications generally provide a maximum data 
rate of 28.8 kb/s, and may typically operate in practice at 
lower, fall-back, data rates such as 19.2 or 14.4 kb/s. Such 
data rates are increasingly insufficient to meet demands 
imposed on commu.nications for Network access, in particu
lar for rapid downloading of relatively large amounts of 
data, e.g. for graphics. In addition, use of such modem 
communications prevents simultaneous use of the telephone 
line (or telephone communications. Fu.rthermore, such a 
communications path is set up as a dialled connection via the 
public switched telephone network (PSTN), which involves 
the inconvenience to the distant TD user of having to 

The OSI (Open Systems Interconnection) reference 
model established by the ISO defines packetiz.ed communi
cations protocols in seven layers, of which Layer 1 is the 
physical layer which is concerned with the physical inter
faces between devices and the communications medium, 50 

and Layer 2 is the data link layer which is concerned v.<ith 
sending a.nd receiving blocks of data together with informa
tion for example for synchronization and error and flow 
control. For LANs, the data link layer is generally consid
ered as comprising two sub-layers, referred to as the LLC 55 

(logical link control) layer and the MAC (medium access 
control) layer. The LLC layer (Layer 2) is addressed by 
IEEE Standard 802.2. The CSMNCD Standards address 
communications at the MAC and physical layers (Layers 2 
and 1). 60 establish the dialled connection and the disadvantage of long 

connection times via the PSTN. A particularly convenient and popular physical medium 
for LAN communications is twisted pair wiring as is com
monly used for telephone communications. Such wiring 
typically consists of 0.4 mm to 0.6 mm diameter (26 AWG 
to 22 AWG) unshielded wires twisted together in pairs in a 65 

multipair cable. For example, one of the options for the 
physical layer documented for CSMNCD is referred to as 

An alternative form of telephone communications path 
comprises an ISDN (Integrated Services Digital Network) 
telephone line. This provides two 64 kb/s B-channels each of 
which can be used for carrying voice communications or 
data. A TD can be connected to the ISDN line via a terminal 
adapter, which can thereby provide a total bit rate of 128 
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Preferably each information packet communicated 
between the modems via the communications path com
prises at least address, length, and data fields of an Ethernet 
frame communicated via the CSMNCD path; it desirably 

kb/s for data on both B-channels, or 64 kb/s for data on one 
B-channel simultaneously with digital telephone voice com
muoications on the other B-cbannel. While tb.is provides a 
significant increase in data rate compared with using a 
conventional two-wire telephone line, it requires an ISDN 
telephone line which, in the relatively limited areas in which 
it is available, involves additional cost, and the connection 
still bas the disadvantage of being a dialled connection via 

5 also comprises a frame check sequence of the respective 
Ethernet frame, and may further comprise a preamble and 
start frame delimiter of an Ethernet frame. 

the telephone network. In addition, a terminal adapter is 
generally more costly than a modem. Furthermore, even data 10 

rates of 64 kb/s or 128 kb/s are likely to be increasingly 
insufficient with evolution of the Network. 

Higher speed telecommuoications lines may be available 

Advantageously, the commuoications path comprises a 
two-wire telephone subscriber line and the modems com
municate said information packets via the line at frequencies 
greater than telephone signal frequencies, the method (urther 
comprising the steps of communicating telephone signals 
via the line and, at each end of the line, combining telephone 
signals and information packets to be communicated via the for lease to provide high data rate commuoications, but these 

are not economical for TDs in residences and most small 
businesses. Cable modems have also been proposed for 
providing Network access via coaxial (coax) or hybrid 
fiber-coax (HFC) cable television distribution networks that 
provide bidirectional communications. While such propos
als offer the possibility of high data rates, they are also 
limited to their own serving areas and are likely to involve 
relatively high costs for both the modem equipment and the 
ongoing use of the service. 

15 line, and separating telephone signals and information pack
ets communicated via the line, using a diplexer. 

The method can further comprise the step of multiplexing 
the first modem for communicating information packets 
between the first modem and a plurality of second modems 

20 via respective two-wire (e.g. telephone subscriber) lines. 
The method can further comprise the steps of monitoring 

errors in communicating said information packets between 
the first and second modems via the communications path, 

Accordingly, there is an increasing need to facilitate 
access from terminal devices to the Network at relatively 
low cost both for equipment and ongoing service, that is not 
restricted to particular areas, that provides for high data 
rates, and that desirably does not preempt telephone com
munications or require long connection times via the PSTN. 

25 
and determining operations of the first and second modems 
in dependence upon monitored errors. The step o( detemlin
ing operations of the modems in dependence upon moni
tored errors can comprise varying a signal bandwidth and/or 
a modulation method of the modems. This enables an 

An object o( this invention is to address this need. 30 
optimum rate to be achieved for communicating information 
packets via any particular two-wire line. 

SUMMARY OF THE INVENTION 

According to one aspect, tb.is invention provides a method 

The second modem can have a CSMNCD interface, the 
method further comprising the step o( communicating said 
information packets between the second modem and a 

35 second CSMNCD path via the CSMNCD interface of the 
second modem. 

of communicating information packets to and from a 
CSMNCD (Carrier Sense Mulliple Access with Collision 
Detection) path via a bidirectional communications path, 
comprising the steps of: coupling a first end of the commu
oications path to the CSMNCD path via a first modem 
having a CSMNCD interface coupled to the CSMNCD 40 
path whereby said information packets are communicated 
between the CSMNCD path and the first modem; coupling 
a second end of the communications path to a second 
modem; and communicating said information packets 
between the first and second modems via the communica- 45 
lions path using half duplex communications. 

The half duplex communications, which can alteroatively 
be considered as time division duplex or time compression 
multiplex communications, avoid collisions or interference 
between information packets communicated in the two 50 
directions of communication on the communications path by 
ensuring that the communications in the two directions take 
place at different times. 

Preferably the half duplex communications are controlled 
by the first modem, the method further comprising the step 55 

of communicating control information via the communica
tions path from the first modem to the second modem. The 
information packets can be communicated by enveloping 
them in information frames which also comprise error check 
fields for error checking of at least the enveloped informa- 60 

tion packets. Information relating to operation of the 
modems, such as control information from the first modem 
to the second modem and response information from the 
second modem to the first modem, can be included in at least 
some of the information frames and/or in further frames 65 

which comprise this information and an error check field for 
error checking of at least this information. 

Another aspect of the invention provides a method of 
provicling communications with a CSMNCD network via a 
bidirectional communications path, comprising the steps of: 
at a first end of the communications path, providing a 
CSMNCD interface to the network, buffering information 
packets received from the network via the interface in a first 
bu.ffer, supplying information packets from the fi rst buffer to 
the communications path, and supplying control information 
to the communications path; at a second end of the com
munications path, buffering information packets received 
via the communications path in a second buffer, receiving 
the control information from the communications path, 
buffering information packets to be supplied via the com
munications path to the network in a tb.ird buffer, and 
supplying information packets fTom the third buffer to the 
communications path in dependence upon the control infor
mation; and at the first end of the communications path, 
supplying information packets received via the communi
cations path to a fourth buffer, and supplying the information 
packets from the fourth buffer to the network via the 
interface; wherein the control information and the depen
dence on the control information for supplying information 
packets from the third buffer to the communications path are 
arranged to avoid collisions on the communications path 
between information packets communicated from the first 
bu.ffer to the second buffer and information packets com
municated from the third buffer to the fourth buffer. 

This method can further comprise the steps of monitoring 
fills of at least some of the buffers, and varying a ratio of 
information packets communicated from the first buffer to 
the second buffer to information packets communicated 
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from the third buiTer to the fourth buffer in dependence upon 
6 

first and second units includes a frequency diplexer via 
which the units arc coupled to the commurucations path, the 
diplexcrs having further connections for telephone equip
ment for simultaneous communications of telephone signals 

the monitored fills. 11lis enables a variable ratio of infor
mation packets communicated in lhc two directions of 
communication to be achieved dynamically to provide an 
optimum flow of information packets at all times. s via the communications path. 

Preferably in this method the information packets are 
communicated via the communications path as modulated 
signals between modems at the first and second ends of lhe 
communications path. 

This method can further comprise lhc steps of providing 10 

a sc<.-ond CSMNCD interface to a second CSMA/CD path 
at the second e nd of the communications path and commu
nicating information packets between the second and third 
bullcrs and the second CSMA/CD path via the second 
CSMNCD interface. 'Inc method can then further comprise 15 

the step of jamming the second CSMA/CD path fTom the 
second CSMNCD interface in response to filling oft he third 
buller. The jamming of the second CSMA/CD path is 
clctcctecl as a collision by devices connected to that path, 
caus ing retransmission of information packets that for the 20 

time being can not be received by the third buffer. 

"Jnc invention further provides a modem for communi
cating information packets of Ethernet frames via a two-wire 
Line, comprising: a control urut; an interface for supplying 
and receiving information packets of Ethernet frames; a first 
buffer for receiving and buffering information packets from 
the interface; a modulator responsive to lhe control unit for 
supplying modulated signals comprising information pack
ets from the first buffer to a two-wire line; a demodulator for 
demodulating modulated s ignals received via the two-wire 
line to produce demodulated s ignals; and a second buffer for 
receiving and buffering information packets contained in the 
demodulated signals for supply to the interface; wherein the 
contro l unit is arranged to produce or respond to control 
information in the modulated signals on the two-wire line to 
contro l the modulator to supply modulated signals to the 
two-wire line only at limes when modulated signals arc not 
being received via the two-wire line. 

The invention also provides a method of coupling a 
terminal device to a CSMA/CD network via a two-wire 
te lephone subscriber line, comprising the steps of: coupling 
a first end of the line to the network via a first modem 
including a CSMNCD interface to the network; coupling a 
second end of the line to the terminal device via a second 
modem including an interface to the terminal device; com
municating information packets downstream from lhe oct
work to the terminal device via the CSMA/CD interface, 
first modem, line, second modem, and terminal device 
interface; communicating control information downstream 
from the first modem to the second modem; and communi
cating information packets upstream from the terminal 
device to the network via the terminal device interface, 
second modem, line, first modem, and CSMNCD interface 
under contro l of the cootrol information at Limes to avoid 
interfere nce with the information packets and control infor
mation communicated downstream. 

The interface can comprise a CSMA/CD interface to a 
CSMNCD path, or it can comprise a direct interface to a 

25 terminal device. 
The control unit can be arranged to produce said control 

information for said modulated signals on a plurality of 
two-wire lines, the modem comprising respective first and 
second butTers for buffering information packets in respect 

30 of each of the plurality of lines, the modem further com
prising a demultiplexer controlled by lhe control unit to 
couple any of the plurality of two-\vire lines to the 
demodulator, and a multiplexer controlled by the control 
unit to couple the modulator to any of the plurality of 

35 two-wire lines. 

BRI EF DESCRIPTION OF TilE DRAWINGS 

A further aspect of the invention provides a network 
access arrangement fo r providing communications with a 
CSMNCD path via a communications path, comprising: a 
first unit for coupling a first cod of the communications path 

The invention will be further understood from the fol
lowing description with reference to the accompanying 

40 drawings, in which: 
FTG. 1 schematically illus trates a known Network access 

arrangement; 

to the CSMNCD path, the first unit comprising a CSMN 
CD interface for connection to the CSMA/CD path, a buiTer 

FIG. 2 illustrates the known format of an Ethernet frame; 
FIG. 3 schematically illustrates a Network access arraoge-

45 ment in accordance with an cmbodimeot of this invention; 

for buiTcring information packets supplied (rom the CSMN 
CD path via the CSMNCD interface for supply to the 
communications path, a buffer for buffering information 
packets received from the communications path for supply 50 
to the CSMNCD path via the CSMNCD interface, and a 
control unit; and a second unit for connection to a second 
cod of the communications palh, lhe second unit comprising 

FTG. 4 sche matically illus trates a Network access 
arrangement, providing for s imultaneous te lephone 
communications, in accordance with another e mbodiment of 
this invention; 

FIG. 5 schematically illustrates a diplexer used in the 
arrangement of FIG. 4; 

FIG. 6 shows a graph illustrating frequency characteris
tics related to the arrangement of FIG. 4; a buffer for buffering information packets received via lhc 

communications path, a buffer for buffering information 
packets to be supplied to the communications path, and a 
control unit; wherein the control units of lhe first and sc<.-ond 
units arc arranged to exchange cootrol information via lhe 
communications path for communicating information pack-

55 
FIG. 7 schematically illustrates a master modem provided 

in tbe Network access arrangements of FIGS. 3 and 4; 
FIG. 8 schematically illustrates a slave modern provided 

in the Network access arrangements of FIGS. 3 and 4; 
FIGS. 9 to 11 illustrate frame formats lhat can be used in 

Ne twork access arrangements in accordance with e mbodi
ments of the invention; 

ets bidirectionally via the communications path between the 60 
bullcrs of the first and second units in a half duplex manner. 

Conveniently the first and second units comprise modems 
for communicating the information packets and control 
information as modulated signals via the communications 
path. Preferably the modems of the first and second units arc 65 

arranged to produce the modulated signals at frequencies 
greater than telephone signal frequencies, and each of the 

FIGS. 12 to 14 are flow c harts wilh reference to which 
operation of the master and slave modems is described; and 

FIG. 15, which is on the same sheet as FIG. 8, schemati
cally illus trates a combined unit which replaces a slave 
modem and Ethernet interface provided in the arrangement 
of FIG. 3 . 
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OETJ\JLED DESCRWDON 

8 
coding (a 1 bit is encoded as a OJ sequence, and a 0 bit is 
encoded as a 10 sequence, in each case with a transition in 
the middle of the bit period) at a predetermined data rate 
which is typically 10 Mb/s. Any termina l device connected 

5 to a CSMA/CD LAN can transmit a frame to the LAN 
(Multiple Access) in accordance with a contention scheme 
which is summarized by tbe following steps: 

FIG. 1 illustrates elements of a known arrangement for 
acces.s from a subscriber to the Network 10 via a conven
tional two-wire telephone line 12. Subscriber equipment 
includes a terminal device (TO) 14 which for example is 
constituted by a personal computer (PC), and a modem 16 
connected to the line 12 and for example providing a 
maximum data rate of 28.8 kb/s. Although s hown separately 
from the TD 14, the modem 16 can instead be incorporated 

10 
therein. The modem 16 communicates with a modem in a 
pool of dial-up modems 18 with a dialled connection which 

I . Monitor the LAN (Carrier Sense). 
2. When the LAN is idle, transmit. 
3. While transmitting, monitor the LAN for a coll ision 

(Collision Detection) by comparing transmitted bits 

is established in well-known manner via the PSTN 20 to 
which the telephone line 12 is connected. The modems in tbc 
modem pool 18 are connected via an Ethernet interface 

15 
(ENET IfF) 22 to a router 24 wbich is connected to the 
Network 10 and hence can be considered to be a part of the 
Network, the Network LO genera lly being considered to 
include all of the terminal devices connected to it. 

with what is received (rom the LAN. 
4. When a collision is detected, continue transmitting for 

a short period so that all TDs on the LAN detect the 
collision (this is referred to as jamming). Wait a random 
period of time determined by a binary exponentia l 
back-off algorithm, then return to step 1 for retrans
mission. 

The minimum and maximum Ethernet frame size, predeter
mined data rate, and characteristics and lengths of segments 
of the LAN are inter-related in a manner that ensures 

An upper part of FIG. 1 illustrates protocols in accordance 20 
with wbicb the arrangement operates. TCPJIP operates at 
OSI Layers 3 and 4 end-to-end throughout tbe entire Net
work and access arrangement, \vith TCP/IPsoftware running 

effective operation of this contention scheme. For a 
lOBASE-T LAN using twisted pair \viring, as explained in 
the background of the invention this results in a maximum 
segmem length of the order of 100 meters. 

on the TD 14. At the MAC layer of OSI Layer 2, commu
nications in the access arrangement between the Ethernet 25 
interface 22 and the ID 14 operate in accordance with a 
point-to-point protocol such as PPP or SUP, and commu
nications between the Ethernet interface 22 and tbe Network 
10, and within the Network 10, comprise Ethernet frames as 
described below witb reference to FIG. 2 . These frames can 30 
be carried in a wide variety of forms and via various physical 
media, for example as the Ethernet frames themselves on a 
CSMA/CD LAN, in ATM (asynchronous transfer mode) 
cells, in SO NET (synchronous optical network) formats, and 

The two-wire telephone line 12 in tbe arrangement of 
FIG. 1 is constituted by twisted pair wiring, but bas a length 
which is invariably much greater than 100 meters. Typically 
the length may be a maximum of about 5500 meters, wi th an 
average length for telephone lines in North America of the 
order of 1700 meters. These lengths are much greater than 
the approximate 100 meter maximum for a lOBASE-T 
LAN, and propagation delays make it impossible for the 
contention scheme outlined above to operate over such 
distances of twisted pair wiring. Even if this were not the 
case, signal attenuation over these distances of twisted pair 

so on. For communications between the Network 10 and the 35 
TO 14, tbe router 24 converts between the Ethernet frames 
of the Network and the serial communications on the line 12 
between the modems 16 and 18. 

A generally similar arrangement to that of FIG. 1 is 
provided in the event that the telephone line is an ISDN line, 
except that the modem 16 is replaced by an ISDN terminal 
adapter and communications on the line are digital at a rate 
that can be 64 or 128 kb/s. 

FIG. 2 illustrates the Ethernet frame at tbe MAC layer. it 
consists of, in order, a preamble field of 7 bytes or octets (8 
bits) of alternating 1s and Os starting with a 1; a start frame 
delimiter (SFO) field of 1 byte having the sequence 
10101011; a destination address field of 6 bytes; a source 
address field of 6 bytes; a length or type field of 2 bytes 
described further below; a data field of 46 to 1500 bytes, and 
a frame check sequence (FCS) field of 4 bytes or octets 
constituted by a CRC (cyclic redundancy c heck) of the data 
packet constituted by the address, length or type, and data 
fields. Data of less tbao 46 bytes in a frame is padded to tbe 
minimum data field size of 46 bytes. In accordance with the 
802.3 Standard, the length or type field represents the length 
of data in the data field up to the maximum of 1500 bytes. 
In accordance with the Ethernet Standard, the length or type 
field is a value greater than 1500 that represents the type of 
data packet, and lP data packets arc identified by one specific 
type value in this field. Thus the two Standards are different 
but inter-<>perable in this respect. It follows from this format 
that each frame comprises a data packet of from 60 to 1514 
bytes, together with overhead (preamble, SFD, and FCS 
fields) of 12 bytes. 

In accordance with the CSMNCD Standards, the bits of 
each Ethernet frame are communicated using Manchester 

wiring would make it very difficult to provide any reliable 
detection of collisions. Accordingly, it is not practical to use 
CSMNCD on the telephone line 12. Instead, the serial link 

40 point-to-point protocols are used in conjunction with tbe 
modems 16 and 18 as discus.scd above to provide Network 
access, with the data rate and other limitations discussed in 
the backgrou.nd of the invention. 

FIG. 3 illustrates a Network access arrangement in accor-
45 dance with an embodiment of th.is invention which is 

described first below, and also illustrates variations of this 
which are described subsequently below. 

In FIG. 3, a TO 14 of a subscriber is again connected to 
the Network 10 via a two-wire telephone subscriber line 12 

so which in this arrangement, as in the arrangement of FIG. 1, 
is not being used for telephone communications. The TD 14 
in this arrangement is connected to the line 12 via an 
Ethernet interface (ENET 1/f.') 30 and a modern 32. The 
interface 30 is a cooveotional Ethernet interface whicb, 

55 although shown separately from the TD 14 in FIG. 3, can be 
conveniently incorporated into the TD 14 either on a plug-in 
card or as a permanent part of the TO 14. The interface 30 
is the same as would be provided for connecting the TO 14 
directly to a CSMA/CD LAN. The modem 32 has a form for 

60 example as described in detail below with reference to FIG. 
8, and has an Ethernet interface that is connected to the 
interface 30, and a two-wire line interface that is connected 
to the line 12. Conveniently, the connection between the 
Ethernet interface 30 and the modem 32 is a lOBASE-T 

65 connection using twisted pair wiring. The modem 32 is 
referred to below as a slave modem as explained further 
below. The Ethernet interface 30 provides a Network 
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address for the TO 14 as is well known. Similarly, the 
Ethernet interface within the modem 32 provides this with a 
Network address. Although the slave modem 32 is shown 
separately from the interface 30 and the TO 14, the modem 
32 can be physically combined with the Etberoet interface 
30 for example as described below with reference to FIG. 
15, and can be incorporated into the TD 14. 

At its other end, for example at a PSTN central office 
(CO) or remote terminal (R1), the two-wire telephone line 

10 
s lave modem 32 can be connected to a bridge 48 of known 
form, to which a plurality of TDs 14", can be connected via 
their respective Ethernet interfaces (EI/Fs) in known manner 
to provide a subscriber LAN. These arrangements can be 

5 extended as desired in known manner. 
It can be seen from the above description that embodi

ments of the invention are centered on the arrangement and 
functioning of the modems 32 and 34. Before describing 
embodiments of these in detail, a further Network access 

10 arrangement is described below with reference to FIG. 4. 12 is connected to a modem 34 which is referred to as a 
master modem and an example of which is described below 
with reference to FIG. 7. The modem 34 also bas a 
lOBASE-T Ethernet interface which provides the master 
modem with a Network address. This interface is connected 
via twisted pair wiring 36, an Ethernet switch 38, and a 15 

router 40 to the rest of the Network 10 in known manner. As 

This further arrangement illustrates that the communications 
on each line 12 can comprise not only the data communi
cations for the Network as described herein but also con-
ventional telephone communications. 

Referring to FIG. 4, this illustrates the master and s lave 
modems 34 and 32 respectively, with lOBASE-T interfaces 
to twisted pair wiring 36 and 46 respectively as described 
above, coupled via a two-wire subscriber line 12 which also 
serves for conventional telephone connections between a 

is well known, functions of the switch 38 and router 40 can 
be combined in a single device referred to as a brouter. 

An upper part of FIG. 3 illustrates, in a similar manner to 
FIG. 1, protocols in accordance with which the Network 
access arrangement operates. As in the arrangement of FIG. 
1, TCP/IP operates at OSI Layers 3 and 4 end-to-end 
throughout the entire Network and access arrangement, with 
TCP/IP software running on the TO 14. At tbe MAC layer, 
communications within and between the Network 10, router 
40, switch 38, and master modem 34 comprise Ethernet 
frames as described above. Similarly, communications 
between the slave modem 32 and the Ethernet interface 30 
comprise Ethernet frames as described above, and the TO 14 
operates in exactly the same known manner as it would if the 
interface 30 were connected directly to a LAN. 

20 subscriber telephone 51 and a telephone CO or RT 50 
connected to the PSTN. To this end, a passive cliplexer 52 is 
provided at each end of the two-wire line 12, the two 
diplexers 52 conveniently having the same form and being 
for example as described below with reference to FIG. 5. 

25 Thus at a bead end of the line l2 the CO or RT 50 and the 
master modem 34 are connected via a diplexer 52 to the line 
12, and at a subscriber end of the line 12 the subscriber 
telephone 51 and the slave modem 32 are connected to the 
line 12 via a diplexer 52. As also shown in F IG. 4, tbe master 

30 modem 34 can be multiplexed for other telephone subscriber 
lines 12' to which it is similarly connected via respective 
diplexers 52'. It can be appreciated that diplexers can be 
similarly provided in the arrangement of FIG. 3 to permit 

Communications between the master modem 34 and the 
slave modem 32 are carried out in accordance with a new 
point-to-point protocol which uses collision avoidance to 
communicate Ethernet frames between the modems. This 35 

protocol is described below and for convenience is referred 

simultaneous telephone and Network communications. 
FIG. 5 illustrates a simple form of the cliplexer 52, which 

comprises a d.c. and low pass filter (LPF) 54 between a 
two-wire connection to the line 12 and a two-wire connec
tion to the telephone 51 or CO or RT 50, and a d.c. isolator 
and high pass filter (HPF) 56 between the two-wire connec-

to herein as ECAP (Ethernet frame Coli.ision Avoidance 
Protocol). It is observed that this protocol operates only 
between the modems 32 and 34, and hence need not be 
known to, and does not change the operation of, the TD 14 
or the rest of the Network 10. The protocol and modems 
simply serve to replace a direct (short-distance) connection 
between the interface 30 and the twisted pair wiring 36 by 
a remote connection via tbe (much g reater distance) two
wire line 12. Thus although as described here the line 12 is 
a telephone subscriber line, it can be appreciated that the 
same arrangement of master and s lave modems operating in 
accordance with this new protocol can be used to commu
nicate Ethernet frames via any twisted pair wiring which is 
too long to permit convcntionallOBASE-T or similar LAN 
interconnections. 

FIG. 3 also illustrates a management device 42, for 
example a computer, coupled to the Ethernet switch 38 for 
providing operations, administrations, management, test, 
and other functions relating to the communications in known 
manner. In order to provide communications via multiple 
lines 12 to multiple subscribers, preferably the master 
modem 34 contains multiplexing functions as described 
below with reference to FIG. 7, and other roaster modems, 
one of which is illustrated in FIG. 3 and referenced 34', arc 
connected to the switch 38 s·imilarly to tl1e modem 34. 

At the subscriber, one or more further arrangements of a 
slave modem 32', Ethernet interface 30', and TD 14' can be 
similarly connected to the same two-wire line 12 as shown 
by a dashed line connection 44. Alternatively (or in 
addition), and generally more desirably, as shown by a 
dashed line connection 46 the lOBASE-T connection of the 

40 tion to the line 12 and a two-wire connection to the modem 
32 or 34. As illustrated in FIG. 5, the LPF 54 can comprise 
one or more balanced filter sections comprising series induc
tors (which pass the telephone loop current) and shunt 
capacitors, and the HPF 56 can comprise two series capaci-

45 tors having a capacitance such that they do not represent a 
significant load to the line 12. More complicated forms of 
diplexer 52 can be provided as desired. 

The graph in FIG. 6 illustrates the low frequency spec
trum 60 of analog telephony signals, and two high frequency 

50 spectra 62 and 64 for Network communications. A desirable 
response 66 for the LPF 54 of the diplexer 52 separates the 
low frequency telephony signals on the two-wire line 12 
from the Network communications signals on the same line 
12. It can be seen from this illustration that the telephony and 

55 Network communications signals occupy substantially dif
ferent frequency bands and bence are easily separated by the 
diplexers 52. 

In FIG. 6, the spectra 62 and 64 relate to two different 
signal bandwidths which can be used for the Network 

60 communications. For example, the relatively wide band
width spectrum 62 can correspond to a modulation method 
with a symbol or clock rate of 3 MHz, and the relatively 
narrower bandwidth spectrum 64 can correspond to a modu
lation method with a symbol or clock rate of 300kHz. Other 

65 signal bandwidths, not shown, can be similarly provided. 
The use of different bandwidths and modulation methods is 
described further below. 
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transformer 112, which can also provide a balun function for 
the balanced line U, is also coupled via a high pass filter 114 
and a demodulator 116 to an input of the buJier 106. The 
current generator 110 provides a high output impedance to 

FIG. 7 illustrates a form of the master modem 34, includ
ing optional but desirable multiplexing for a plurality of 
two-wire lines. The master modem includes an Ethernet 
interface 70 of known form providing a lOBASE-T connec
tion to the twisted pair wiring 36 and providing (for example 
from a read-only memory within the interface 70) a Network 
address for the master modem. The interface 70 is connected 
to a control unit 72 of the master modem, to the input of a 
FIFO (first in, first out) buffer 74 for buffering downstream 
Ethernet frames supplied from the Network via the wiring 
36 and the interface 70, and to the output of a FIFO buffer 
76 for supplying upstream Ethernet frames via the interface 

5 avoid loading of the line 12, and the HPF 114 provides a 
matched termination of the line 12, so that these can both be 
connected to the line U withou I any switching. This enables 
loopback testing of the line 12 from the control unit 102. 
Contro l lines are provided between the control unitl02 and 

10 the buffers 104 and 106, modulator 108, and demodulator 
116. 

70 and the wiring 36 to the Network. An output of the buffer 
74 is coupled via a modulator 78 and a downstream denml
tiplexer 80 (constituted by switches) to a respective one of 15 

the multiplexed two-wire lines 12 via a respective isolating 
transformer (TR) 82, the output of the modulator 78 pro
viding a matched termination for the line 12. An upstream 
multiplexer 84 (constituted by switches) has inputs also 
coupled to the lines 12 via the transformers 82, and has an 20 
output coupled via a high pass filter (HPF) 86 which 
provides a matched termination for the respective line 12 to 
which it is connected via the mu ltiplexer 84. An output o( the 
H PF 86 is connected to an input of a demodulator 88 having 
an output connected to an input o( the bulfer 76. The 25 
transformers 82 can also provide a balun function between 
the balanced lines 12 and the demultiplexer 80 and multi
plexer 84. 

1be demu!Lipiexer 80 and multiplexer 84 are addressed by 
the control unit 72 via address lines 90 and 92 respectively 30 

to provide downstream frames to and to receive upstream 
frames from respective ones of the lines 12. The addresses 
on the lines 90 and 92 are generally different [or efficient 
data flow in the downstream and upstream directions, but 
they can be the same for example for loopback testing of a 35 

slave modem 32. To provide different logical buffers for 
frames in the bu:l:Iers 74 and 76 associated with the respec
tive lines 12, the buffers 74 and 76 are also addressed via the 
address ]jnes 90 and 92 respectively. A store 94 is also 
addressed with the upstream multiplexer address on the lines 40 

92 to provide to the demodulator 88 stored data, such as echo 
coefficients and signal amplitude level, relating to the 
respective line 12 to facilitate fast acquisition (recognition of 
the preamble of a frame) by the demodulator 88. A store 95 
is similarly addressed with the downstream demultiplexer 45 

address on the lines 90 to provide to the modulator 78 stored 
data to determine a signal transmission level and possibly 
frequency characteristics for the respective line 12. Infor
mation for the stores 94 and 95 is determined, and the stores 
are updated, by the control unit 72 in known manner. Control 50 

lines 96 and 98 are provided between the control unit 72 and 
the modulator 78 and demodulator 88 respectively for 
communicating contro l information. 

FIG. 8 illustrates a complementary form of a slave modem 
32. The slave modem includes an Ethernet interface 100 of 55 

known form providing a lOBASE-T connection to the 
twisted pair wiring 46 and providing (for example from a 
read-only memory within the interface 100) a Network 
address for the slave modem. The interface 100 is connected 
to a control unit 102 of the slave modem, to the input of a 60 

Fll"O buffer 104 for buffering upstream Et11ernet frames 
supplied from the TO via the wiring 46 and the interface 
100, and to the output of a FIFO buffer 106 for supplying 
downstream Ethernet frames via the interface 100 and the 
wiring 46 to the TO. An output of the buffer 104 is coupled 65 

via a modulator 108, a current generator 110, and an 
isolating transforn1er 112 to the two-wire line 12. The 

It can be appreciated that, apart from the functions related 
to the multiplexing and switching for a plurality of lines U , 
and the operation of the modems as described below, the 
master modem 34 and the slave modem 32 are similar, and 
the arrangement of the slave modem shown in FIG. 8 could 
also be used as a master modem for a single line U. 

ln each of the modems 32 and 34 the modulator; 
demodulator, and related functions are conveniently imple
mented in known manner using one or more OSPs (digital 
signal processors) with analog-digital conversion in known 
manner. OSPs can be conveniently controlled to provide an 
arbitrary number of different signal bandwidths for example 
as illustrated by the spectra 62 and 64 in FIG. 6. Conve
niently the OSPs provide a common lower frequency limit 
of about 10 kHz for all of the signal bandwidths as shown 
in FIG. 6, with the different bandwidths being determined by 
the symbol or clock rate as described above. The particular 
modulation method that is used is relatively arbitrary, but 
conveniently the DSPs in the modems are programmed to 
select any of a plurality of modulation methods, for example 
16QAM (quadrature amplitude modu lation), QPSK 
(quadrature phase shift keying), and BPSK (binary phase 
s hi ft keying), providing d ifferent numbers of bits per sym
bol. These particular methods and numbers are given only 
by way of example, and other modulation methods, such as 
VSB (vestigial sideband), carrierless amplitude-phase, and 
OMT(discrete multi-tone) modulation, may be used instead, 
numerous different numbers of bits per symbol may be used, 
and the signal bandwidths may be arbitrarily defined (e.g. 
with different low-frequency cut-offs) as desired. 

The master and s lave modems communicate Ethernet 
frames downstream (from the master modem 34 to the slave 
modem 32) and upstream (from the slave modem 32 to the 
master modem 34) in a manner described in detail below. 
Briefly, this communication involves half-duplex transmis
sion IL<;ing a collision avoidance protocol (ECAP) in which 
the master modem 34 has priority and control over the slave 
modem 32. Thus the master modem 34 determines when to 
send information downstream via the line 12, and informs 
the slave modem when it is permitted to send information 
upstream via the line 12. To facilitate these communications, 
the information sent via the line 12 comprises not only the 
data packets of Ethernet frames for Network communica
tions but also control packets downstream and response 
packets upstream between tl1e master and slave modems. 
These packets are incorpora ted into ECAP frames examples 
of which are described below with reference to FIGS. 9 to 
11. The control units 72 and 102 in the master and slave 
modems perform the necessary conversions between the 
Ethernet frames and ECAP data frames, and generate and 
respond to the ECAP control and response frames. 

FIG. 9 illustrates an ECAP data frame which comprises 
overhead information 0/H, followed by an Ethernet frame in 
exactly the same form as described above with reference to 
FIG. 2, followed by a check sequence CHK. The 0 /H fteld 
for example consists of a few bytes comprising a preamble 
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and start-of-frame (SOF) indication of a suitable form for 
the modulation method in use by the master and slave 
modems, possibly followed by other information such as an 
ECAP frame sequence number for frame identification in 
known manner (e.g. for identifying frames for acknowledge- 5 

men! or retransmission). The check sequence CHK conve
niently comprises a CRC sequence which can be produced 
in exactly the same manner as the FCS field of the Ethernet 
frame, the CRC operating on all of the information in the 
ECAP frame following the SOF indication up to and includ- 10 

ing the FCS at the end of the Ethernet frame. 11ms as shown 
in FIG. 9 the Ethernet frame is enveloped, intact and without 
any change, within the ECAP frame. 

Alternatively, as illustrated in FIG. 10, the preamble and 
SFD fields can be stripped (rom the Ethernet frame and only 15 

the remainder of the Ethernet frame (i.e. the data packet and 
FCS field) incorporated into the ECAP frame between the 
overhead field 0 /H and the check sequence CHK. In this 
case the preamble and SFD fields of the Ethernet frame are 
stripped for example by the control unit of whichever of the 20 
master and slave modems 34 a.nd 32 is sending the frame, 
and is reinserted by the control unit of the receiving one of 
the modems 34 and 32 for forwarding the Ethernet frame to 
the respective Ethernet interface. 'Jbis reduces slightly the 
amount of information to be transmitted via the line l2. 25 
Further reductions are possible if for example the pad, used 
for increasing data packets of less than 46 bytes to the 
minimum data field size of an Ethernet frame, can also be 
identified, stripped prior to sending the remainder of the 
frame between the modems 34 and 32, and reinserted at the 30 

receiving modem. However, it may be more desirable for the 
modems 34 and 32 always to communicate the entire data 
packet and FCS field of each Ethernet frame intact, to avoid 
risk of corrupting the Ethernet frame contents. 

Thus whereas transmission of tmdersized frames is not 35 

possible in a CSMNCD arrangement because of the nature 
of the contention scheme (they are generally interpreted as 
collisions), in this ECAP scheme collisions are avoided by 
the protocol between the master and slave modems so that 
short frames are not only permitted but can be desirable 40 

because they reduce the amount of information that must be 
communicated via the line 12. 

To this end, FIG. U illustrates an ECAP control frame 
comprising a control packet to be communicated from the 
master modem 34 to the slave modem 32. The control frame 45 

comprises an initial overhead field 0/H as described above, 
followed by a control packet described below, and the check 
field CliK providing a CRC sequence for all of the in[or
mation in the ECAP frame following the SOF indication up 
to the end of the control packet. The control packet com- 50 

prises destination and source address fields, a length/type 
field LIT, and a control field which is generally much shorter 
than the minimum 46 byte data field of an Ethernet frame 
and whose length is given by the contents of the field ur. 
For such a control packet the destination and source 55 

addresses are the Network addresses of the slave modem 32 
and the master modem 34, respectively. 

Conversely, an ECAP response frame can have the same 
form as the control frame shown in FIG. 11, except that it 
contains a response field instead of the control field and the 60 

destination and source addresses are exchanged because the 
response frame is communicated from the slave modem 32 
to the master modem 34. 

Other ECAP frame formats can alternatively be provided 
to suit particular situations; for example for convenience or 65 

simplicity the control and response frames can have a fixed 
size and can be the same size as a data frame containing a 

14 
nnmmum-size data packet. In addition, although as 
described here by way of example the control frames are 
separate from the data frames, control information can 
instead be incorporated into the ECAP data frames, desir
ably keeping the enveloped Ethernet frame contents intact, 
for example as an additional part of the overhead field 0/H 
or between the CRC fields FCS and CHK. 

The following description of an example of the collision 
avoidance protocol, with reference to FIGS. 12 to 14, 
assumes for simplicity and clarity that the master modem 34 
typically sends a single data frame followed by a control 
frame downstream, and then waits for a response from the 
slave modem 32, and that the slave modem waits for these 
downstream frames and then typica lly sends a response 
frame followed by a single data frame upstream. It also 
assumes for simplicity that there is only one slave modem 32 
connected to the line 12. Various modifications and exten
sions of this protocol, for example to accommodate multiple 
slave modems 32 connected to the same line 12, can be 
contemplated and some variations are described later below. 

FIG. 12 illustrates a downstream transmitting flow chart 
for the master modem 34, and FIG. 13 illustrates an 
upstream receiving flow chart for the master modem 34, the 
master modem 34 being assumed here simply to alternate 
between the transmitting and receiving states for communi
cations with a single slave modem 32. As already described, 
the master modem 34 can provide multiplexed operations 
lor a plurality of slave modems, so that in practice the 
transmitting and receiving processes can take place simul
taneously and independently in a multiplexed manner for a 
plurality of slave modems. FIG. 14 illustrates a downstream 
receiving and upstream transmitting flow chart for the slave 
modem 32. The operations in the modems in each case take 
place under the control of the respective control unit 72 or 
102, and the master and slave modems differ in the manner 
in which these units operate as described below. 

Referring to FIG. 12, in the transmitting seqt1ence of the 
master modem 34 its control u.nit 72 initially determines in 
a decision 120 whether the downstream bulier 74 (for the 
respective line 12 and slave modem 32) is empty. If not, i.e. 
if there is at least one Ethernet frame to be sent from the 
buffer 74, then at a block 121 the next frame to be sent 
downstream from the buffer 74 is transmitted in an ECAP 
data frame as described above. At a block 122 the control 
unit 72 then sends a control frame as described above, and 
sets a timer for a response from the slave unit ln the event 
that the buffer 74 is empty as determined in the decision 120, 
then in a decision 123 the control u.nit 72 determines whether 
or not to send a control frame, if so proceeds to the block 122 
to send a control frame, and if not returns to the start of the 
transmitting sequence. The decision 123 whether or not to 
send a control frame may depend upon various parameters 
which are monitored by the control u.nit 72, such as the fill 
state of the upstream receiving buffer 76, the state of the 
slave modem and the fill state of its upstream transmitting 
bu.ffer 104, and the time since the previous control frame 
was sent to the slave modem. The contents of the control 
frame can comprise, for example, a request (poll) for the 
slave modem to transmit a frame of data upstream, a request 
for retransmission by the slave modem of a previous frame 
that bas not been received correctly as determined by its 
check field CHK, control information such as operating 
parameters for the slave modem, and/or a request for status 
in.formation, such as the fills of the buffers 104 and 106, 
from the slave modem. 

Referring now to FIG. 14, at a block 140 the control unit 
102 of the s lave modem 32 initially waits (or a frame to be 
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received from the master modern 34. This waiting, and the 
subsequent operation of the slave modem in response to a 
received frame and operation of the master modem, ensures 
that collisions on the line U are avoided by giving control 
of the ECAP (rames on the line 12 entirely to the master 
modem 34. In response to receipt of a downstream frame 
from the master modem 34, the control unit 102 of the slave 
modem determines in a decision 141 from the field CHK 
whether the frame has been received properly and, if not, at 
a block 142 sets a status l'lag to request retransmission of the 
frame and returns to the wait block 140. If the frame has 
been properly received the control unit 102 proceeds to a 
decision 143. 

In the decision 143 the control unit 102 determines 
whether or not the destination address in the received frame 
is the address of the slave modem, and hence whether the 
frame is a control frame or a data frame. If the frame is 
determined to be a data frame, then in a block 144 the 
control unit 102 sets a status fiag for acknowledgement of 
the frame, and in a block 145 the data frame is stored in the 
buffer 106 and a return is made to the wait block 140. 

If in the decision 143 the frame is determined to be a 
control frame, then in a block 146 the control unit 102 
generates and sends a response frame upstream to the master 
modem. The contents of the response frame depend on the 
nature of the received control frame and the status of the 
slave modem, but for example can include status 
information, an acknowledgement of the received data 
frame (based on the acknowledgement status Hag), a request 
for retransmission of an incorrectly received frame (based 
on the retransmission status flag), and buffer fills of the 
buffers 104 and 106. In a decision 147, the control unit 102 
then determines whether a data frame is to be seat upstream, 
i.e. whether the received downstream control frame included 
a retransmission request or a poll for an upstream data frame 
and such a data frame is available in the upstream transmis
sion buffer 104. If so, at a block 148 the control unit 102 
sends the requested data frame from this buffer 104 upstream 

16 
response frame is expected). In the latter case the commu
oications status is updated in the block 133, and the control 
uoit 72 proceeds in a manner dependent upon the updated 
status. For example, from the block 133 the control uoit 

5 retu.rns from the upstream receiving sequence of FlO. l3 to 
the dov-.rnstream transmitting sequence of FIG. 12, and can 
send a control frame requesting retransmission of an 
upstream frame for which there bas been a timeout from the 
block 130, a CRC error as detem1ined in the decision 131, 

10 or an unexpected frame as determined in the decision 132. 
On receipt o( an expected response frame, in a block 134 

the communications status is updated accordingly, and in 
dependence upon a decision 135 either a return is made to 
the block 130 for a data frame expected following the 

15 response frame (a data frame is expected if it has been 
requested from the slave modem and the response frame bas 
not indicated that the upstream transmitting buffer 104 is 
empty; the timer for the block 130 can be reset as desired) 
or the receiving sequence ends if no subsequent data frame 

20 is expected. On receipt of an expected data frame as deter
mined in the decision 132, in a block 136 the control unit 72 
sets a status flag for acknowledgement of the frame, and in 
a subsequent block 137 the received data frame is stored in 
the upstream receiving buffer 76 and the receiving sequence 

25 ends. As already described above, at the end of the upstream 
receiving sequence the control uoit 72 of the master modem 
34 returns to the start of the downstream transmitting 
sequence already described. 

The collision avoidance protocol as described above 
30 provides for an approximate one-to-one ratio of downstream 

and upstream Ethernet frames, and gives priority to the 
master modem and the transmission of downstream frames. 
This is desirable because the modem arrangement has no 
control over the supply from the Network of Ethernet frames 

35 incoming to the buffer 74, and it is desirable to avoid 
overflow of this buffer which would result in a loss of data 
frames. Such a data frame loss can be accommodated by the 
TCP/IP operating at Layers 3 and 4 of the OS! model, but 

to the master modem. After the block 148, or if no upstream 
frame is to be sent as determined in the decision 147, a return 40 

is made to the wait block 140. 

this is preferably avoided. 
The same principles apply for upstream Ethernet frames 

incoming to the buffer 104 from the TD 14, but in this case 
overflow of the buffer 104 can be prevented by the Ethernet 
interface 100 of the slave modem 32, under the control o( the 
control unit 102 in the event that the bu[er 104 is about to 

Referring now to FIG. 13, a[1er the downstream trans
mitting sequence described above with reference to FIG. 12 
the control unit 72 in the master modem 34 waits, as shown 
by a block 130, for an upstream frame to be received or for 
the timer (set at block 122) to time out. If an upstream frame 
is received, then in a decision 131 the control unit 72 
determines from the field CliK whether the frame has been 
received properly and, if so, proceeds to a decision 132. In 
the event that the timer times out in the block 130 or the 
frame is incorrectly received as determined in the decision 
131, then in a block 133 the control unit 72 updates a record 
of the communications status of the master modem with the 
slave modem. This status record contains various parameters 
of the communications SliCb as those already discussed, for 
example the status of acknowledgements and retransmission 
requests, buffer fills, and operating parameters of the 
modems. 

In the decision 132 the control unit determines, from the 
destination address of the received upstream frame and in 
accordance with its expectations based on the status of the 
communications, whether this is a response frame (i.e. the 
destination address is the address of the master modem) as 
expected first from the slave modem, or a data frame for 
which a poll or retransmission request bas been scot to the 
slave modem as described above, or whether the (rame does 
not have the expected form (e.g. it is a data frame when a 

45 overflow, jamming the lOBASE-T connection on the wiring 
46 by transmitting a dummy signal to it. As discussed in the 
introduction, jamming is a well-known process for ensuring 
that a collision detected at one device on a CSMNCD LAN 
is also detected by all other devices on the LAN, but in this 

50 case the jamming is triggered differently, by the potential 
overflow of the buffer 104. The jam or artificially created 
collision on the wiring 46 is detected by the TO 14 con
nected to this wiring, and the TO backs off [or subsequent 
retransmission of the Ethernet frame in known manner. In 

55 this manner, a loss of upstream data frames due to overflow 
of the buffer 104 is avoided. Ibe same situation can take 
place in the event that the wiring 46 is connected to the 
bridge 48 on a subscriber LAN as described with reference 
to FIG. 3, but in this case either the bridge 48 must be a 

60 learning bridge to avoid passing to the slave modem 32 via 
the wiring 46 subscriber LAN frames not intended for 
upstream transmission, or such a learning function must be 
incorporated into the slave modem itself, otherwise jamming 
of all frames on the subscriber LAN will occur when the 

65 buffer 104 is about to overflow. 
To reduce the possibility of buffer overflow, especially of 

the buffer 74, the collision avoidance protocol described 
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above can provide dynamic variation of the ratio of the 
numbers of downstream and upstream frames, for example 
in dependence upon the fills of the buffers. The buffer fills 
arc monitored as described above by the control unit 72, 
either directly in the case of the master modem 34 or via 5 

status information in response frames from the slave modem 
32. If the fill of the buffer 74 is increasing, then the master 
modem can simply send a plurality of data frames down
stream instead of each single data frame as described above 
with reference to FIG. 12, before sending the control frame 10 

to poll the slave modem for an upstream data frame, thereby 
increasing the downstream to upstream data frame ratio. 
Conversely, if the buffer 74 is relatively empty and the buffer 
104 is relatively fllll, the master modem can provide 
repeated polls for single upstream data frames without 15 

sending downstream data frames using the protocol exactly 
as described above, or more desirably the ECAP control 
frame poll can be arranged to indicate to tile slave modem 
a number of data frames that it is requested to transmit 
upstream in response to particular polls, w·ith the slave 20 
modem responding accordingly. 

It can be appreciated from the description above tl1at the 
collision avoidance protocol ensures that the modems 34 and 
32 operate in a half-duplex manner for communications 
between them via the line 12, with the total transmission 25 
capacity of the line being shared, preferably dynamically 
dependent llpon buffer fills as described above, between the 
downstream and upstream directions of transmission. The 
protocol can be refined, from its basic form as described 
above, in various ways to maximize the efficiency with 30 

which the total transmission capacity is used. For example, 
such refinements can include provisions for sending multiple 
data frames successively in either direction as described 
above, concatenating or merging control and/or data frames 
sent in the same direction, and advancing the timing of 35 

downstream frame transmission from the master modem in 
view of the loop delay on the line 12 (which can be measured 
in known manner by the master modem) and the knowledge 

18 
monitor a proportion of correct downstream frames received 
by the slave modem 32 from information sintilarly available 
in the control unit 102 of tile slave modem and communi-
cated to the control unit 72 via the response frames. From 
such ongoing monitoring, the control unit 72 can determine 
dynamically whether the clock rate in current use for the 
DSPs is appropriate or should desirably be increased to 
increase the total transmission capacity on the line 12 or 
decreased to decrease the proportion o( frames received in 
error. This can be determined either independently or in 
common for the upstream and downstream directions of 
transmission. 

For example, if tile control unit determines that a high 
proportion, more than an upper threshold value of for 
example 95 to 99%, o( frames are received correctly, then it 
can decide to increase the DSP clock rate and hence the total 
transmission capacity. To this end it generates a control 
frame which is sent from the master modem to the slave 
modem instructing the slave modem to adopt a new, higher, 
clock rate for future frames, the slave modem responds 
accordingly, and the master modem switches its own clock 
rate. Conversely, if the control tlilit determines that a low 
proportion, less than a lower threshold value of for example 
50 to 75%, of frames are received correctly, then it can 
decide to decrease the DSP clock rate to reduce errors. To 
this end it generates a control frame which is sent from the 
master modem to the slave modem instnJcting the slave 
modem to adopt a new, lower, clock rate for future frames, 
the slave modem responds accordingly, and the master 
modem switches its own clock rate. It can be appreciated 
that the threshold levels can be determined to provide a 
desired hysteresis for changing the clock rate, and that they 
may be adaptively adjusted by the control unit 72 in depen
dence upon the results of previous changes in clock rate. 

The total transmission capacity is determined not only by 
the symbol transmission rate on the line 12 but also by the 
number of bits per symbol, and hence by the modulation 
method that is used. As described above, the modem DSPs 
can provide any of a plurality of modulation methods, such in the master modem control unit 72 of what upstream 

frames are expected from the slave modem. 
This total transmission capacity on the line 12 can also be 

varied dynamically by the master modem 34 in dependence 
upon monitored operating conditions, as explained further 
below. 

40 as 16QAM, QPSK, and BPSK providing respectively 4 bits, 
2 bits, and 1 bit per transmitted symbol. ln a similar manner 
to that described above for dynamically varying the symbol 
transmission rate, the control unit 72 can also or instead 

As described above, the modulation and demodulation 45 

functions in the master and slave modems are desirably 
implemented using DSPs. A clock rate of the DSPs can be 
changed to vary the signal bandwidth as shown by the two 
different spectra 62 and 64 in FIG. 6. A high clock rate 
provides a corresponding large bandwidth, for example as 50 

shown by the spectrum 62 in FIG. 6, providing a high 
symbol transmission rate on the line 12 between the modems 
34 and 32. However, this involves greater susceptibility to 
noise (a large noise bandwidth) and greater signal attenua
tion (which is dependent on frequency). Conversely, a lower 55 

clock rate provides a smaller bandwidth, for example as 
shown by the spectrum 64 in FIG. 6, providing a lower 
symbol transmission rate on the Line 12 with less suscepti
bility to noise and less signal attenuation. Considered 
generally, higher symbol rates on the line 12 produce greater 60 

total transmission capacity and greater error rates, resulting 
in frames having to be retransmilled. 

As also described above, the control unit 72 in the master 
modem 34 determines from the check field CHK of each 
received upstream frame whether the frame bas been 65 

received correctly, and can monitor a proportion of correct 
upstream frames received. The control unit 72 can similarly 

dynamically vary the modulation method. A determination 
as to whetllcr to change the symbol transmission rate and/or 
the modulation method can be made by the control unit 72 
in dependence upon various parameters such as the current 
symbol transmission rate and modulation method, a history 
of these operating parameters, the error rate, and monitored 
characteristics of the line 12 such as delay, signal levels, and 
echo parameters. 

In any event, the dynamic variations discussed above 
enable the control unit 72 in the master modem 34 to 
determine and use, at any particular time for any particular 
line 12 to which it is connected, a clock rate and modulation 
method to provide an optimal total transmission capacity on 
that line. It can be appreciated that this optimal capacity may 
well include a certain proportion of frames that are in error 
and must be retransmitted, and that this is accommodated by 
tile collision avoidance protocol as already described above. 

The total transmission capacity can vary over an 
extremely wide range. ror example, for a short line 12 and 
under good conditions, the modulation method may be 
16QAM and the clock rate 3 Ml-lz to provide a total 
transmission capacity of the order of the lOBASE-T bit rate 
of 10 Mb/s. Conversely, (or a long line 12 (it is observed 
here that the line 12 must be unloaded to permit communi-
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cation of signals at frequencies above the voice-band) and in 
poor conditions (e.g. in the presence of noise and crosstalk) 
the modulation method may be BPSK and the clock rate may 
be reduced to for example 30kHz, thereby providing a total 
transmission capacity of about 25 kb/s (at for example 0.85 5 

bits per Hertz to allow for excess bandwidth of the modem 
filters). However, it is noted that even this tota l transmission 
capacity is commensurate with the maximum bit rates of 
dial-up modems currenlly used to provide Network connec
tions via conventional two-wire telephone lines. In practice, 10 

the total transmission capacity provided will be between 
these extremes, and will generally be substantially more 
than can be provided by currently used dia l-up modems or 
on ISDN telephone lines. 

ll is also noted that the master modem 34 can be arranged 15 

to fall back to known modem communications methods in 

20 
In the embodiments described in detail above and as 

illustrated in FIG. 3 the slave modem 32 is separate from the 
Ethernet interface 30 connected to the TD 14 and includes 
its own Ethernet interface and Network address. W hile this 
is convenient in the case that the s lave modem is connected 
to a subscriber LAN via the wiring 46, it can be superfluous 
or undesirable in the event that the slave modem 32 is 
connected to only a single TD 14, especially if the slave 
modem 32 and Ethernet i nterface 30 are merged together 
into a combined unit that may be incorporated into the TD 
14 as would be desi rable for example for an entertainment 
device. Even in the case of a subscriber IAN, the bridge 48 
can be considered as a terminal device in which the slave 
modem 32 could be incorporated. 

It can be seen, therefore, that the manner in which the 
slave modem 32 is ultimately connected to the TD 14 is 
re latively arbitrary as far as this invention is concerned, it 
only being necessary that the information be convened or 
translated between the Ethernet frames to and from the 

the event that it does not receive any ECAP response frames 
from a slave modem, so that the same master modem can 
operate alternatively with slave modems as described above 
or with conventional modems. 

In use of the network access arrangement and protocol as 
described above, the master and slave modems and the tine 
12 simply serve to communicate Ethernet frames in both 
directions transparently between the wiring 36 and 46. 
Accordingly, the subscriber is provided with a Network 
connection without any dialling process, and hence without 
involving a telephone connection via the PSTN, in the same 
way (as seen by the Network and by the subscriber) as if the 
wiring 36 and 46 were di rectly interconnected. As described 
above, Ibis Network connection is established in a manner 
that is dynamically variable to provide an optimum total 
transmission capacity, which can be shared in a dynamically 
variable and optimized ratio of upstream to downstream data 
fra mes, for any prevailing conclitions such as the character
istics of the line 12 and noise and crosstalk levels. For short 
lines 12, the total transmission capacity is comparable with 
the bit rate of lOBASE-T IANS, so that there is no inherent 
deterioration of performance for communication of Ethernet 
fra mes. In addition, it is observed that because the frames on 
the line 12 arc communicated in burst mode, there is 
statistically less energy on the line than would be the case for 
continuous data transmission on the same line, so that 
crosstalk with other lines in the same cable is reduced. 
Furthermore, the same line 12 can simultaneously carry 
conventional telephone signals, so that provision of the 
network access arrangement to a telephone subscriber does 
not necessitate the provision of an additional or separate 
te lephone line. 

20 bu[ers 104 and 106 o( the s lave modem and whatever form 
is required for the connection to the TD 14 (for example, a 
PCM/CIA interface of known form), and that a Network 
address identify the TD, translator, and/or slave modem. 
Desirably, the slave modem 32 and the Ethernet interface 30 

25 are merged into a combined unit, which can have a form for 
example as illustrated in FIG. 15. 

Referring to FIG.15, the combined unit has a similar form 
and operation to the slave modem 32 as described above 
with reference to FIG. 8, and the same reference numerals 

30 arc used to denote similar parts, except that the Ethernet 
interface 100 and wiring 46 of the slave modem of FIG. 8, 
as well as the Ethernet interface 30 of FIG. 3 , are replaced 
by a data translator 150. T he translator 150 has an interface 
152 to the control unit 102 and buffers 104 and 106, and an 

35 interface 154 to the TD 14, which are arranged and operate 
in the same manner as the corresponding parts of the known 
Ethernet interfaces 100 and 30 discussed above. Between 
these interfaces 152 and 154, the unit 150 includes a 
minimized subset of the known circuits and fu nctions of the 

40 Ethernet interfaces 100 and 30 necessary to translate data 
between the TD interface 154 and the E thernet frame buffers 
104 and 106, and to provide a single Network address. This 
avoids the disadvantage of needing two Network addresses 
for the slave modem 32 and the Ethernet interface 30 

45 respectively as in the embodiments of the invention 
described above, but makes it necessary to distinguish 
between ECAP control frames for the control unit 102 and 
ECAP data frames enveloping Ethernet frames contai ning 
data for the TD 14. Thus the use of the network access arrangement from a 

TD 14 is substantially the same as if the TD 14 were 50 

connected directly via an Ethernet interface to the Ethernet 
switch 38. T he TD 14 runs conventional software which, for 
initial access to the Network, in known manner sends 
information packets in Ethernet frames upstream, these 
packets containing for example the Network address of the 55 

management device 42 as the destination address and the 
Network address of the T D 14 as the source address. The 
packets are routed via the Ethernet switch 38 in known 
manner to the device 42, and the switch 38 stores the address 

Where the control frames and data frames are separate 
ECAP frames, this distinction can conveniently be provided 
by using the LIT field of the Ethernet frame. For an ECAP 
control frame, the LIT field can contain a pre-assigned (and 
otherwise unused) type having a value greater than the 
maximum value of 1500 for an Ethernet frame, which is 
recognized by the control unit 102 so that the control frame 
is not forwarded to the translator 150. Alternatively, or in 
addition, as described above ECAP contro l information can 
be appended to Ethernet frames, for example in the overhead 
field 0/H or between the FCS field of the enveloped Ethernet 
frame and the check fie ld CH K of the ECAP frame. In either 

of the TD 14 for subsequent direction of Ethernet frames 60 

addressed to this address to this TD. Ia known manner, the 
device 42 either recognizes the source address of the T D 14 
and provides a welcome message, or does not recognize it 
and initiates a registration process, and communications 
continue in known manner except that they take place via the 65 

modems 34 and 32 and line 12 instead of via a direct 
connection as is known. 

case the contro l infom1ation can be of a fixed size or it can 
include its own length field to indicate its size. The LIT field 
of the enveloped Ethernet frame is not changed, to avoid any 
risk of corrupting the Ethernet frame. 

Although particular embocliments of the invention and 
var ious modifications have been described in detai l, it 
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should be appreciated that numerous other modifications, 
variations, and adaptations may be made without departing 
from the scope of the invention as defined in the claims. 

What is claimed is: 
1. A method of providing communications with a CSMN 5 

CD (Carrier Sense Multiple Access with Collision 
Detection) network via a bidirectional communications path, 
comprising the steps of: 

22 
8. A method as cla.imed in cla.im 7 wherein each infor

mation packet communicated via the communications path 
further comprises a preamble and start frame delimiter of an 
Ethernet frame. 

9. A method as claimed ·in claim 1 wherein the informa-
tion packets are communicated via the communications path 
as modulated signals between modems at the first and 
second ends of the communications path. 

10. A method as claimed in claim 9 and further compris
ing the steps of monitoring errors in communicating infor
mation packets via the communications path and varying a 
signal bandwidth of the modems in dependence upon the 
monitored errors. 

11. A method as claimed in claim 9 and further comprising 

at a first end of the communications path, providing a 
CSMA/CD interface to the network, buffering infor- 10 
mation packets received from the network via the 
interface in a first buffer, supplying information packets 
from the first buffer to the communications path, and 
supplying control information to the communications 
path; 

at a second end of the communications path, buffering 
information packets received via the communications 
path in a second buffer, receiving the control informa
tion from the communications path, buffering infomla
tion packets to be supplied via the communications 20 
path to the network in a third buffer, and supplying 
information packets from the third buffer to the com
munications path in dependence upon the control infor
mation; and 

15 the steps o( monitoring errors in communicating information 
packets via the communications path and varying a modu
lation method of the modems .in dependence upon the 
monitored errors. 

at the first end of the communications path, suvplying 25 
information packets received via the communications 
path to a fourth buffer, and supplying the information 
packets from the fourth buffer to the network via the 
interface; 

wherein the control information and the dependence on 30 

the control information for supplying information 
packets from the third buffer to the communications 
path are arranged to avoid collisions on the communi
cations path between information packets communi
cated from the first buffer to the second buffer and 35 

information packets communicated from the third 
buffer to the fourth buffer. 

12. A method as claimed in claim 9 and further compris
ing the step of multiplexing the modem at the first end of the 
communications path for communicating information pack
ets v.rith a plurality of modems at the second ends of a 
plurality of respective communication paths. 

13. A method as claimed in claim 9 wherein the commu
nications path comprises a two-wire telephone subscriber 
line and the modems communicate said information packets 
via the line at frequencies greater than telephone signal 
frequencies, the method further comprising the steps of: 

communicating telephone signals via the line; and 
at each end of the line, combining telephone signals and 

information packets to be communicated via the line, 
and separating telephone signals and .information pack
ets communicated via the line, using a diplexer. 

14. A method as claimed in claim 13 and further com
prising the step of multiplexing the modem at the first end 
of the communications path for communicating information 
packets with a plurality of modems at the second ends of a 
plu.rality of respective telephone subscriber lines. 

15. A method as claimed in claim 1 and further compris-
2. A method as claimed in claim 1 and further comprising 

the steps of monitoring fills of at least some of the buffers, 
and varying a ratio of information packets communicated 
from the first buffer to the second buffer to inJormat.ion 
packets communicated from the third buffer to the fourth 
buller in dependence upon the monitored fills. 

40 ing the steps of providing a second CSMNCD interface to 
a CSMAJCD path at the second end of the communications 
path and commllnicating information packets between the 
second and third buffers and the CSMA/CD path via the 

3. A method as claimed in claim 1 wherein the steps of 
supplying information packets from the first buffer to the 45 

communications path and supplying information packets 
from the third buffer to the communications path comprise 
enveloping information packets in information frames, the 
information frames also comprising error check fields for 
error checking of at least the enveloped information packets. 50 

4. A method as claimed in claim 3 wherein the step of 
supplying control information to the communications path 
comprises including control information in at least some of 
the information frames. 

5. A method as claimed in claim 3 wherein the step of 55 

supplying control information to the communications path 
comprises communicating further frames, each further 
frame comprising control information and an error check 
field for error checking of at least the control information. 

6. A method as claimed in claim 1 wherein each infor- 60 

mation packet communicated via IJ1e communications path 
comprises at least address, length, and data fields of an 
Ethernet frame communicated via the CSMAJCD interface. 

7. A method as claimed in claim 6 wherein each .infor-
mation packet communicated via the communications path 65 

further comprises a frame check sequence of the respective 
Ethernet frame communicated via the CSMNCD interface. 

second CSMNCD interface. 
16. A method as claimed in claim 15 and further com

prising the step of jamming the CSMA/CD path from the 
second CSMNCD interface in response to filling of the third 
bu.ffer. 

17. A method as claimed in claim 2 wherein the infor
mation packets are communicated via the communications 
path as modulated signals between modems at the first and 
second ends of the communications path. 

18. A method as claimed in claim 17 and [ll.rtber com
prising the steps of monitoring errors in communicating 
information packets via the communications path and vary
ing a signal bandwidth of the modems in dependence upon 
the monitored errors. 

19. A method as claimed in claim 17 and [urtber com
prising the steps of monitoring errors in communicating 
information packets via the communications path and vary
ing a modulation method of the modems in dependence 
upon the monitored errors. 

20. A method as claimed in claim 17 and further com
prising the step of multiplexing the modem at tbe first end 
of the communications path for communicating information 
packets with a plurality of modems at the second ends of a 
plurality of respective communication paths. 
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21. A method as claimed in claim 17 wherein the com
munications path comprises a two-wire telephone subscriber 
line and the modems communicate said information packets 
via the line at frequencies greater than telephone signal 
frequencies, the method further comprising the steps of: 

communicating telephone signals via the line; and 

24 
path and comm11nicating information packetS between the 
second and third buffers and the CSMA/CD path via the 
second CSMA/CD interface. 

31. A method as claioled in claim 6 and further compris-
s ing the steps of providing a second CSMNCD interface to 

a CSMA/CD path at the second end of the communications 
patl1 and communicating information packets between the 
second and third buffers and the CSMA/CD path via the 
second CSMA/CD interface. 

at each end of the line, combining telephone signals and 
information packets to be communicated via the line, 
and separating telephone signals and information pack-
ets communicated via the line, using a diplexer. 10 32. A method as claimed in claim 7 and further compris-

ing the steps of providing a second CSMA/CD interface to 
a CSMNCD path at the second end of the communications 
path and communicating information packets between the 
second and third buffers and the CSMA/CD path via the 

22. A method as claimed in claim 21 and further com
prising the step of multiplexing the modem at the first end 
of the communications path for communicating information 
packets with a plurality of modems at the second ends of a 
pluraJity of respective telephone subscriber lines. 15 second CSMA/CD interface. 

33. A method as claimed in claim 8 and further compris
ing the steps of providing a second CSMA/CD interface to 
a CSMA/CD path at the second end of the communications 
path and comnmnicating information packetS between the 

23. A method as claimed in claim 18 wherein the com
munications path comprises a two-wire telephone subscriber 
line and the modems communicate said information packets 
via the line at frequencies greater than telephone signal 
frequencies, the method further comprising the steps of: 

communicating telephone signals via the line; and 

20 second and third buffers and the CSMA/CD path via the 
second CSMA/CD interface. 

at each end of the line, combining telephone signals and 
information packets to be communicated via the line, 
and separating telephone signals and information pack
ets communicated via the line, using a diplexer. 

24. A method as claimed in claim 23 and further com
prising the step of multiplexing the modern at the first end 

34. A method as claioled in claim 9 and further compris
ing the steps of providing a second CSMNCD interface to 
a CSMNCD path at the second end of the communications 

25 path and communicating information packets between the 
second and third buffers and the CSMA/CD path via the 
second CSMNCD interface. 

35. A method as claimed in claim 10 and [llrtber com
prising the steps of providing a second CSMNCD interface of the communications path for communicating information 

packets with a plurality of modems at the second ends of a 
plurality of respective telephone subscriber lines. 

25. A method as claimed in claim 19 wherein the com
munications path comprises a two-wire telephone subscriber 
line and the modems communicate said information packets 
via tl1e line at frequencies greater than telephone signal 
frequencies, the method further comprising the steps of: 

30 to a CSMNCD path at the second cod of the communica
tions path and communicating information packets between 
the second and third buffers and the CSMA/CD path via the 
second CSMNCD interface. 

36. A method as claimed in claim 11 and further com-

communicating telephone signals via the line; and 

35 prising the steps of providing a second CSMA/CD interface 
to a CSMNCD path at the second end of the communica
tions path and commllnicati.ng information packets between 
the second and third buffers and the CSMNCD path via the at each end of the line, combining telephone signals and 

information packets to be communicated via the line, 
and separating telephone signals and information pack- 40 

ets communicated via the line, using a diplexer. 
26. A method as claimed in claim 25 and further com

prising the step of multiplexing the modem at the first end 
of the communications path for communicating information 
packets with a plurality of modems at the second ends of a 45 

plurality of respective telephone subscriber lines. 
27. A method as claimed in claim 2 and further compris

ing the steps of providing a second CSMA/CD interface to 
a CSMA/CD path at the second end of the communications 
path and communicating information packets between the 50 

second and third buffers and the CSMA/CD path via the 
second CSMNCD interface. 

28. A method as claimed in claim 3 and further compris
ing the steps of providing a second CSMA/CD interface to 
a CSMA/CD path at the second end of the communications 55 

path and communicating information packets between the 
second and third buffers and the CSMA/CD path via the 
second CSMNCD interface. 

29. A method as claioled in claim 4 and further compris
ing the steps of providing a second CSMA/CD interface to 60 

a CSMNCD path at the second end of the comm11nications 
path and communicating information packets between the 
second and third buffers and the CSMA/CD path via the 
second CSMA/CD interface. 

second CSMA/CD interface. 
37. A method as claiolecl in claiol 12 and further com

prising the steps of providing a second CSMA/CD interface 
to a CSMNCD path at the second end of the commllnica
tions path and comm11nicating information packets between 
the second and third buffers and the CSMA/CD path via the 
second CSMA/CD interface. 

38. A method as claioled in claim 13 and further com
prising the steps of providing a second CSMA/CD interface 
to a CSMNCD path at the second end of the communica
tions path and communicating information packets between 
the second and third buffers and the CSMNCD path via the 
second CSMA/CD interface. 

39. A method as claimed in claim 14 and further com-
prising the steps of providing a second CSMNCD interface 
to a CSMNCD path at the second end of the communica
tions path and communicating information packets between 
the second and third buffers and the CSMNCD path via the 
second CSMA/CD interface. 

40. A method as claimed in claim 17 and [urtber com
prising the steps of providing a second CSMA/CD interface 
to a CSMNCD path at the second cod of the communica
tions path and comm11nicating information packets between 
the second and third bu!Iers and the CSMA/CD path via the 
second CSMA/CD interface. 

41. A method as claioled in claiol 21 and further com-
30. A method as claioled in claim 5 and further compris

ing the steps of providing a second CSMA/CD interface to 
a CSMNCD path at the second end of the communications 

65 prising the steps of providing a second CSMA/CD interface 
to a CSMA/CD path at the second end of the commllnica
tions path and communicating information packets between 
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the second and third bufJers and the CSMA/CD path via lhe 
second CSMNCD interface. 

42. A method of coupling a terminal device to a CSMN 
C D (Carrier Sense Multiple Access with C.ollis.ion 
Detection) network via a two-wire telephone subscnber hoe, 5 
comprising the steps of: 

coupling a first end of the line to the network via a first 
modem including a CSMA/CD interface to the net
work; 

coupling a second end of the line to the terminal device 1o 
via a second modem including an interface to the 
terminal device; 

communicating information packets downstream from the 
network to the terminal device via the CSMA/CD 
interface, first modern, line, second modem, and ter-

15 
minal device interface; 

communicating control information downstream from the 
flrst modem to the second modem; and 

26 
buO'er for butTering information packets received via 
the communications path, a buffer for buffering infor
mation packets to be supplied to the communications 
path, and a control unit; 

wherein the control units of the first and second units are 
arranged to exchange c:ontrol information via the com
munications path for communicating information pack
ets bidirectionally via the communications path 
between the buffers of the first and second units in a 
half duplex manner. 

49. A network access arrangement as claimed in claim 48 
wherein the first and second units comprise modems for 
communicating the information packets and control infor
mation as modulated signals via the communications path. 

50. A network access arrangement as claimed in claim 49 
wherein the modems of the first and second units are 
arranged to produce the modulated signals at frequencies 
greater than te lephone signal frequencies, and ~ach of t~e 
first and second units includes a frequency dtplexer v1a communicating information packets upstream from the 

terminal device to the network via the terminal device 
interface, second modem, line, first modem, and 
CSMNCD interface under control of the control infor
mation at times to avoid interference with the informa
tion packets and control information communicated 
downstream. 

20 which the units arc coupled to the communications path, the 
diplexers having further connections for telephone equip
ment for simultaneous communications of telephone signals 
via the communications path. 

51. A network access arrangement as claimed in claim 48 

43. A method as claimed in claim 42 wherein the modems 
communicate via the line at frequencies greater lhan tele
phone signal frequencies and the method further comprises 
the step of frequency diplexing telephone signals and 
modem communications on the line. 

25 wherein the first unit comprises respective buffers for a 
plurality of communications paths and further comprises a 
multiplexer and demultiplexer for multiplexed connections 
of the CSMAJCD interface via respective buffers to respec-

44. A method as claimed in claim 42 and further com
prising the step of multiplexing the first modem for com
munications with a plurality of second modems via respec
tive telephone subscriber lines. 

30 

45. A method as claimed in claim 42 and further com- 35 

prising the steps of monitoring errors in communicatiog 
information packets between the first and second modems 
and varying a signal bandwidth of the modems in depen
dence upon monitored errors. 

46. A method as claimed in claim 42 and further com- 40 

prising the steps of monitoring errors in communicating 
information packets between the first and second modems 
and varying a modulaticm method of the modems in depen
dence upon monitored errors. 

tive communications paths. 
52. A network access arrangement as claimed in claim 48 

wherein the second unit comprises a CSMNCD interface 
for coupling information packets between the buffers of the 
second unit and a CSMNCD path at the second end of the 
communications path. 

53. A network access arrangement as claimed in claim 49 
wherein the second unit comprises a CSMNCD interface 
for coupling information packets between tbe buffers of the 
second unit and a CSMAJCD path at the second end of the 
communications path. 

54. A network access arrangement as claimed in claim 50 
wherein the first unit comprises respective buffers for a 
pluraljty of communications paths and ~rlher compris~s a 
multiplexer and demultiplexer for mult1plexed connecltons 
of the CSMNC D interface via respective buffers to respec-

47. A method as claimed in claim 42 and further com
prising the steps of bun'cring information packets in infor
mation packet buffers at the first and second modems, 
monitoring fills of the information packet buffers, and vary
ing a ratio of information packets communicated do~
stream to information packets communicated upstream tn 
dependence upon the monitored fills. 

45 tive communications paths. 
55. A network access arrangement as claimed in claim 54 

wherein the second unit comprises a CSMNCD interface 
for coupling information packets between the buffers of the 
second unit and a CSMNCD path at the second end of the 

so communications path. 

48. A network access arrangement for providing commu
nications with a CSMA/CD (Carrier Sense Multiple Access 
with Collision Detection) path via a communications path, 
comprising: 55 

a first unit for coupling a first end of the communications 
path to the CSMNCD path, the first unit comprising a 
CSMA/CD interface for connection to the CSMNCD 
path, a buffer for buffering information packets sup
plied from the CSMNCD path via the CSMNCD 60 
interface for supply to the communications path, a 
butTer for butTering information packets received from 
the communications path for supply to the CSMNCD 
path via the CSMNCD interface, and a control unit; 
and 

a second unit for connection to a second end o( the 
communications path, the second unit comprising a 

65 

56. A modem for communicating information packets of 
Ethernet frames via a two-wire line, comprising: 

a control unit; 
an interface for supplying and receiving information 

packets of Ethernet frames; 
a first bu[er for receiving and buffering information 

packets from the interface; 
a modulator responsive to the control unit for supplying 

modulated signals comprising information packets 
from the first bu[er to a two-wire line; 

a demodulator for demodulating modulated signals 
received via the two-wire line to produce demodulated 
signa Is; and 

a second buO'er for receiving and buffering information 
packets contained in the demodulated signals for
supply to the interface; 
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wherein the control unit is arranged to produce or respond 
to control information in the modulated signals on the 
two-wire line to control the modulator to supply modu
lated signals to the two-wire line only at times when 
modulated signals are not being received via the two- 5 
\vire line. 

57. A modern as claimed in claim 56 wherein the interface 
comprises a CSMNCD (Carrier Sense Multiple Access with 
Collision Detection) interface to a CSMA/CD path. 

58. A modem as claimed in claim 56 wherein the modu- 10 

Ia tor supplies, and the demodulator demodulates, said modu
lated signals at frequencies greater than telephone signal 
frequencies, and further comprising a frequency diplexer for 
coupling the modulated signals to and from the two-wire 
line and having a two-wire connection for te lephone equip- 15 
ment for simultaneously coupling telephone signals to and 
[rom the two-wire line. 

59. A modern as claimed in claim 56 and further com
prising a high pass filter for coupling the two-wire line to the 
demodu lator, the high pass fi lter providing a matched ter- 20 
mination for tbc two-wire line. 

60 . A modem as claimed in claim 59 and further com
prising a curre nt generator for coupling the modulator to the 
two-wire line. 

61. A modem as claimed in claim 56 wherein the control 25 
unit is arranged to produce said control information for said 
modulated signals on a plurality of two-wire lines, the 
modem comprising respective first and second buOers for 
buffering information packets in respect of each of the 
plurality of lines, tbe modern funher comprising a multi- 30 

plexer controlled by the control unit to couple any of the 
plurality of two-wire lines to the demodulator, and a demul
tiplexer controlled by the control unit to couple the modu
lator to any of the plurality of two-wire lines. 

62. A modem as claimed in claim 61 and including a store 35 

controlled by the control unit for storing and supplying to the 
modulator or demodulator information relating to modula
tion or demodulation, respectively, characteristics for each 
of the plurality of two-wire lines. 

63. A modem as claimed in claim 61 wherein the rnodu- 40 

Ia tor supplies, and the demodulator demodulates, said modu
lated signals at frequencies greater than telephone signal 
frequencies, and further comprising a frequency diplexer for 
coupling the modulated s ignals to and from the two-wire 
line and having a two-wire connection for telephone equip- 45 

ment for simultaneously coupling telephone signals to and 
from the two-wire line. 

28 
64. A modem as claimed in claim 63 wherein the interface 

comprises a CSMA/CD (Carrier Sense Multiple Access with 
Collision Detection) interface to a CSMNCD path. 

65. A modem as claimed in claim 61 wherein the interface 
comprises a CSMNCD (Carrier Sense Multiple Access \vith 
Collision Detection) interface to a CSMNCD path. 

66. A met bod as claimed in claim 47 wherein the moderns 
communicate via the line at frequencies greater than tele
phone signal frequencies and the method further comprises 
the s tep of frequency diplexiog telephone signals and 
modem communications on the line. 

67. A method as claimed in claim 47 and further com
prising the step of multiplexing the tlrst modem for com
munications with a plurality of second modems. 

68. A method as claimed in claim 47 and further com
prising the steps of monitoring errors in communicating 
information packets between the lirst and second moderns 
and varying a signal bandwidth of the modems in depen
dence upon monitored errors. 

69. A metbod as claimed in claim 47 and further com
prising the steps of monitoring errors in communicating 
information packets between the lirst and second modems 
and varying a modulation method o( the modems in depen
dence upon monitored errors. 

70. A modem as claimed in claim 58 wherein the interface 
comprises a CSMNCD (Carrier Sense Multiple Access with 
Collision Detection) interface to a CSMA/CD path. 

7 1. A modem for coupling a device to a two-\vire line for 
providing packetized communications for the device via the 
line, the modem comprising: 

an interface for coupling to the device; 
a controller; 
a demodulator for receiving, from the line and for 

demodulating downstream modulated signals compris
ing control signals for the controller and information 
packets for supply via the interface to the device; 

a buffer for bufl"ering inlormation packets received from 
the device via the interface; and 

a modu lato r for receiving information packets from the 
bufJer for producing and supplying upstream modu
lated signals to tbe line, the controller being responsive 
to the demodulated control signals for controlling the 
modulator so that the upstream modulated signals are 
timed to avoid interference with the downstream modu
lated s ignals. 

• • * * * 
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INFORMATION NETWORK ACCESS 
APPARATUS AND METHODS FOR 

COMMUNICATING iNFORMATION 
PACKETS VIA TELEPHONE LINES 

This application is a continuation of Application No. 
08/640,705 filed May 1, 1996, now U.S. Pat. No, 5,912,895. 

This is a continuation of U.S. patent application Ser. No. 
08/640,705 filed May 1, 1996 in ll1e names of J . B. Terry et 
al. entit led "Information Network Access Apparatus And 
Methods For Communicating Information Packets Via Tele
phone Lines", pending, the entire disclosure of which is 
hereby incorporated herein by reference. 

This invention relates to information network access, and 

2 
A particularly convenient and popular physical medium 

for LAN communications is twisted pair wiring as is com
monly used for telephone communications. Such wiring 
typically consists of 0.4 mm to 0.6 mm diameter (26 AWG 

5 to 22 AWG) unshielded wires twisted together in pairs in a 
multipair cable. For example, one of the options for the 
physical layer documented for CSMNCD is referred to as 
lOBASE-T and provides baseband communications at a data 
rate of 10 Mb/s over twisted pair wiring. The performance 

10 
specifications are generally met by up to 100m (meters) of 
0.5 mm telephone twisted pair wire without the use of a 
repeater. Longer wiring lengths are permitted as long as the 
performance specifications, in particular a maximum delay, 
are mel. 

is particularly concerned \Vilh apparatus and methods for 15 

communicating information packets, generally referred to as 
Ethernet frames, via two-wire lines such as telephone sub
scriber lines. 

Accordingly, devices that are located relatively close to 
one another, for example within a building, can be relatively 
easily connected in a LAN using twisted pair wiring. For 
CSMNCD communications via the LAN and for access to 
the Network, each device is easily equipped with an Ethernet 

BACKGROUND OF THE iNVENTION 

Computers and related devices are increasingly being 
connected into networks for communications between the 
devices. Typically, the networks comprise LANs (local area 
networks) which provide communications among devices 
within a relatively small geographical area, different LANs 
being interconnected via MANs (metropolitan area 
networks) and WANs (wide area networks). This has 
resul.ted in a global computer information network which is 
generally known as the Internet. The term "Network" is used 
herein to refer generically to this global computer informa
tion network and to any other network of computers and 
related devices. 

20 interface card, which is connected via a respective twisted 
pair of wires to a repeater or CSMNCD bub, and with 
TCP/IP (rransmission Control Protocol/Internet Protocol) 
software that handles the packetized communications at 
Layers 3 and 4 of the OSl model (Network and Transport 

25 Layers, respectively). 
Increasingly, access to the Network is required from 

devices that are relatively distant from existing Network 
facilities. For example, such devices may be located within 
residences and small businesses, and they may be isolated 

30 computers or they may be connected in a LAN that is not 
connected to the rest of the Network. Such devices may for 
example comprise general-purpose computers or specific
purpose devices such as a Network browser, game machine, 
and/or enterta.inment device, and may also comprise related 

Different technologies can be used to facilitate commu
nications on any LAN and throughout the Network, the most 
common being Carrier Sense Multiple Access with Collision 
Detection (CSMNCD) technology. This is documented in 
IEEE Standard 802.3 entitled "Carrier Sense Multiple 
Access w ith Collision De tection (CSMA/CD) Access 
Method and Physical Layer Specifications" which bas been 
adopted by the international Organization for Standardiza- 40 

tion (ISO). The 802.3 Standard is based on the 1985 Version 

35 and/or ancillary equipment such as workstations, printers, 
scanners, bridges, routers, etc. that it may be desired to 
connect to the Network. The generic term " terminal device" 
and its abbreviation "TD" is used below to embrace all such 
devices. 

It is known to provide for access to the Network from a 
relatively distant terminal device, or TO, via a communica
tions path between a router on the Network and the distant 
TO, the communications path typically being constituted by 
a telephone line. 

A simple form of such a communications path is a serial 
link comprising modem communications via a conventional 
two-wire telephone line. AI Layers land 2 of the OS! model 
the CSMA/CD communication, which can not be used on 
the serial link because of its length and characteristics, is 

2 Standard for Ethernet and, a.lthough there are some dif
ferences including different use o( a length/type field, the 
two Standa.rds are la.rgely interchangeable and can be con
sidered equivalent as far as this invention is concerned. The 45 
term "CSMNCD" is used herein to refer generically to this 
technology. Using CSMA/CD, packets of data are commu
nicated in frames that are generally referred to as Ethernet 
frames. This term is also used herein, regardless of whether 
the frames comply with the 802.3 Standard or the Ethernet 
Standard (i.e. regardless of the value conta.ined in the 
length/ type field of the fra.me). 

50 replaced for the communication with each distant TD by 
modem communications via the respective telephone line 
and a point-to-point protocol, such as PPP (Point to Point 
Protocol) or SLI P (Serial Link Internet Protocol). Currently, 
modem communications generally provide a maximum data 

The OSI (Open Systems Interconnection) reference 
model established by the ISO defines packetized communi
cations protocols in seven layers, of which Layer 1 is the 
physical layer which is concerned with the physical inter
faces between devices and the communications medium, 
and Layer 2 is the data link layer which is concerned with 
sending and receiving blocks of data together with informa
tion for example for synchronization and error and flow 
control. For LANs, the data link layer is generally consid
ered as comprising two sub-layers, referred to as the LLC 
(logical link control) layer a.nd the MAC (medium access 
control) layer. The LLC layer (Layer 2) is addressed by 
IEEE Standard 802.2. The CSMNCD Standards address 
communications at the MAC and physical layers (Layers 2 
and l). 

55 rate of 28.8 kb/s, and may typically operate in practice at 
lower, fall-back, data rates such as 19.2 or 14.4 kb/s. Such 
data rates are increasingly insufficient to meet demands 
imposed on communications Cor Network access, in particu
lar for rapid downloading of relatively large amounts of 

60 data, e.g. for graphics. In addition, use of such modem 
communications prevents simultaneous use of the telephone 
line for telephone communications. Furthermore, such a 
communications path is set up as a dialled connection via the 
public switched telephone network (PSTN), which involves 

65 the inconvenience to the distant TO user of having to 
establish the diaJled connection and the disadvantage oflong 
connection times via the PSTN. 
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operation of the modems, such as the control information 
from the first modem to the second modem and response 
information from the second modem to the first modern, can 
be included in at least some of tbe information frames and/or 

s in further frames which comprise this information and an 
error check field for error checking of at least this in forma-

An alternative form of telephone communications path 
comprises an ISDN (Integrated Services Digital Network) 
telephone line. This provides two 64 kb/s B-cbannels each of 
wbicb can be used for carrying voice communications or 
data. A T.D can be connected to the ISDN line via a terminal 
adapter, which can thereby provide a total bit rate of 128 
kb/s for data on boih B-channels, or 64 kb/s for data on one 
B-channel simultaneously with digital telephone voice com
munications on the other B-channel. While this provides a 
significant increase in data rate compared with using a 10 

conventional two-wire telephone line, it requ:ires an ISDN 
telephone line which, in the relatively limited areas in which 
it is available, involves additional cost, and the connection 
stil l bas the disadvantage of being a dialled connection via 
the telephone network. In addition, a terminal adapter is 15 

generally more costly than a modem. Furthermore, even data 
rates of 64 kb/s or 128 kb/s are likely to be increasingly 
insufficient with evolution of the Network. 

tion. 
Preferably each information packet communicated 

between the modems via the communications path com
prises at least address, length, and data fields of an Ethernet 
frame communicated via the CSMA/CD path; it desirably 
also comprises a frame check sequence of tbe respective 
Ethernet frame, and may further comprise a preamble and 
start frame delimiter of an Ethernet frame. 

Advantageously, the communications path comprises a 
two-wire telephone subscriber line and the modems com
municate said information packets via tbe line at frequencies 
greater than telephone signal frequencies, the method further 
comprising the steps of communicating telephone signaLs Higher speed telecommunications lines may be available 

for lease to provide high data rate communications, but these 
are not economical for TDs in residences and most small 
businesses. Cable moderns have also been proposed for 
providing Network access via coaxial (coax) or hybrid 
tiber-coax (HFC) cable television distribution networks that 
provide bidirectional communications. While such propos
als offer the possibility of high data rates, they are also 
limited to their own serving areas and are likely to involve 
relatively high costs for both the modem equipment and the 
ongoing use of the service. 

20 via the line and, at each end of the Line, combining te lephone 
signals and information packets to be communicated via the 
line, and separating telephone signals and information pack
ets communicated via the line, using a diplexer. 

The method can further comprise the step of multiplexing 
25 signals of the first modem (or communicating information 

packets between the fi rst modem and a plurality of second 
moderns. 

Accordingly, there is an increasing need to facilitate 30 

access from terminal devices to the Network at relatively 
low cost both for equipment and ongoing service, that is not 
restricted to particular areas, that provides for high data 
rates, and that desirably does not preempt telephone com-

35 munications or require long connection times via the PSTN. 
An object of this invention is to address this need. 

The method can further comprise the steps of monitoring 
errors in communicating said information packets between 
the first and second modems via the communications path, 
and determining operations of the first and second modems 
in dependence upon monitored errors. The step of determin
ing operations of the modems in dependence upon moni-
tored errors can comprise varying a signal bandwidth and/or 
a modulation method of the modems. This enables an 
optimum rate to be achieved for communicating information 
packets via any particular two-wire line. 

SUMMARY OF THE INVENTION 

According to one aspect, this invention provides a method 
The method can further comprise the step of communi-

40 eating information packets between the second modem and 
a second CSMA/CD path via a second CSMNCD interface. of communicating information packets to and from a 

CSMNCD (Carrier Sense Mulliple Access with Coll ision 
Detection) path via a bidirectional communications path, 
comprising the steps of: coupling a first end of the commu
nications path to a first modem; communicating information 45 
packets between the CSMNCD path and the first modem 
via a CSMNCD interface; coupling a second end of the 
communications path to a second modem; communicating 
information packets and control information, for controlling 
operation of tbe second modem, from the first modem to the 50 
second modem via the communications path; and commu
nicating information packets from tbe second modem to the 
first modem via the communications path under control of 
the control information; the control inJormation providing 
half duplex communications on the bidirectional communi- 55 
cations path. 

The half duplex communications, which can alteroatively 
be considered as time division duplex or time compression 
multiplex communications, avoid collisions or interference 
between information packets communicated in the two 60 

directions of communication on the communications path by 
ensuring that the communications in the two directions take 
place at different times. 

Preferably eacb step of communicating information pack-
ets comprises enveloping them in information frames which 65 

also comprise error check fields for error checking of at least 
the enveloped information packets. Information relating to 

BRIEF DESCRIPTION OF THE DRAWINGS 

Tbe invention will be further understood from the fol
lowing description with reference to the accompanying 
drawings, in which: 

FIG. 1 schematically illustrates a known Network access 
arrangement; 

Fl.G. 2 illustrates the known format of an Ethernet fnme; 
FIG. 3 schematically illustrates a Network access arrange

ment in accordance with an embodiment of this invention; 
FIG. 4 schematically illustrates a Network access 

arrangement, providing for simultaneous te lephone 
communications, in accordance with another embodiment of 
this invention; 

FIG. 5 schematically illustrates a diplexer used in the 
arrangement of FIG. 4; 

FIG. 6 shows a graph illustrating frequency characteris
tics related to the arrangement of FIG. 4; 

FIG. 7 schematically illustrates a master modem provided 
in the Network access arrangements of FIGS. 3 and 4; 

FIG. 8 schematically illustrates a slave modem provided 
in the Network access arrangements of FIGS. 3 and 4; 

FIGS. 9 to 11 illustrate frame formats that can be used in 
Network access arrangements in accordance with embodi
ments of the invention; 
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FIGS. 12 to 14 are flow charts with reference to which 
operation of the master and slave modems is described; and 

FIG. 15, which is on the same sheet as FIG. 8, schemati
cally illustrates a combined unit which replaces a slave 
modem and Ethernet ·interface provided in the arrangement 
of FIG. 3. 

DETAILED DESCRIPTION 

FIG. 1 illustrates elements of a known arrangement for 
access from a subscriber to the Network 10 via a conven
tional two-wire telephone line 12. Subscriber equipment 
includes a terminal device (TD) 14 which for example is 
constituted by a personal computer (PC), and a modem 16 
connected to the line 12 and for example providing a 
maximum data rate of 28.8 kb/s. Although shown separately 
from the TO 14, the modem 16 can instead be incorporated 
therein. The modem 16 communicates with a modem in a 
pool of dial-up modems 18 with a dialled connection which 
is established in well-known manner via the PSTN 20 to 
which the telephone line 12 is connected. The modems in the 
modem pool 18 are connected via an Ethernet interface 
(ENET I/F) 22 to a router 24 which is connected to tJ1e 
Network 10 and hence can be considered to be a part of the 
Network, the Network 10 generally being considered to 
include all of the terminal devices connected to it. 

An upper part o( FIG.l illustrates protocols in accordance 
with which the arrangement operates. TCP/IP operates at 
OS! Layers 3 and 4 end-to-end throughout the entire Net
work and access arrangement, with TCP/IPsoftware running 
on the TD 14. At the MAC layer of OSI Layer 2, commu
nications in the access arrangement between the Ethernet 
interface 22 and the TO 14 operate in accordance with a 
point-to-point protocol such as PPP or SLIP, and commu
nications between the Ethernet interface 22 and the Network 
10, and within the Network 10, comprise Ethernet frames as 
described below with reference to FIG. 2. 'Ibese frames can 
be carried in a wide variety of forms and via various physical 
media, for example as the Ethernet frames themselves on a 
CSMNCD LAN, in XfM (asynchronous transfer mode) 
cells, in SO NET (synchronous optical network) formats, and 
so on. For communications between the Network 10 and the 
TD 14, the router 24 converts between the Ethernet frames 
of the Network and the serial communications on the line 12 
between the moderns 16 and 18. 

A generally similar arrangement to that of FIG. 1 is 
provided in the event that the telephone line is an ISDN line, 
except that the modem 16 is replaced by an ISDN terminal 
adapter and communications on the line arc digital at a rate 
that can be 64 or 128 kb/s. 

FIG. 2 illustrates the Ethernet frame at the MAC layer. It 
consists of, in order, a preamble field of 7 bytes or octets (8 
bits) of alternating ls and Os starting with a 1.; a start frame 
delimiter (SFD) field of 1 byte having the sequence 
10101011; a destination address field of 6 bytes; a source 
address field of 6 bytes; a length or type field of 2 bytes 
described further below; a data field of 46 to 1.500 bytes, and 
a frame check sequence (FCS) field of 4 bytes or octets 
constituted by a CRC (cyclic redundancy check) of the data 
packet constituted by the address, length or type, and data 
fields. Data of less than 46 bytes in a fran1e is padded to tJ1e 
minimum data field size of 46 bytes. In accordance with the 
802.3 Standard, the length or type field represents the length 
of data in the data field up to the maxinmm of 1500 bytes. 
In accordance with the Ethernet Standard, the length or type 
field is a value greater than 1500 that represents the type of 
data packet, and I P data packeLs are identified by one specific 

6 
type value in this field. Thus the two Standards are different 
but inter-operable in this respect. It follows from this format 
that each frame comprises a data packet of from 60 to 1514 
bytes, together with overhead (preamble, SFO, and FCS 

s ftelds) of 12 bytes. 
In accordance with the CSMNCD Standards, the bits of 

each Ethernet frame are communicated using Manchester 
coding (a 1 bit is encoded as a 01 sequence, and a 0 bit is 
encoded as a 10 sequence, in each case with a transition in 

10 the middle of the bit period) at a predetermined data rate 
which is typically 10 Mb/s. Any terminal device connected 
to a CSMA/CD LAN can transmit a frame to the LAN 
(Multiple Access) in accordance with a contention scheme 
which is summarized by the following steps: 

15 I. Monitor the LAN (Carrier Sense). 
2. When the LAN is idle, transmit. 
3. While transmitting, monitor the LAN for a collision 

(Collision Detection) by comparing transmitted bits with 
what is received from the LAN. 

20 4. When a collision is detected, continue transmitting for a 
short period so that all ·ms on the LAN detect the 
collision (this is referred to as jamming). Wait a random 
period of time determined by a binary exponential back
o[ algorithm, then return to step 1 for retransmission. 

25 The minimum and maximum Ethernet frame size, predeter
mined data rate, and characteristics and lengths of segments 
of the LAN are inter-related in a manner thai ensures 
effective operation of this contention scheme. For a 
lOBASE-T LAN using twisted pair wiring, as explained in 

30 the background of the invention this results in a maximum 
segment length of the order of 100 meters. 

The two-wire telephone line 12 in the arrangement of 
FIG. 1 is constituted by twisted pair wiring, but has a length 
which is invariably much greater than 100 meters. Typically 

35 the length may be a maximum of about 5500 meters, with an 
average length for telephone lines in North America of the 
order of 1700 meters. These lengths are much greater than 
the approximate 100 meter maximum for a 10BASE-T 
LAN, and propagation delays make it impossible for the 

40 contention scheme outlined above to operate over such 
distances of twisted pair wiring. Even if this were not the 
case, signal attenuation over these distances of twisted pair 
wiring would make it very difficu.lt to provide any reliable 
detection of collisions. Accordingly, it is not practical to use 

45 CSMNCD on the telephone line 12. Instead, the serial link 
point-to-point protocols are used in conjunction with the 
modems 16 and 18 as discussed above to provide Network 
access, with the data rate and other limitations discussed in 
the background of the invention. 

50 FIG. 3 illustrates a Network access arrangement in accor-
dance with an embodiment of this invention which is 
described first below, and also illustrates variations of this 
which are described subsequently below. 

In FIG. 3, a TO 14 of a subscriber is again connected to 
55 the Network 10 via a two-wire telephone subscriber line 12 

which in this arrangement, as in the arrangement of FIG. 1, 
is not being used for telephone communications. The TO 14 
in this arrangement is connected to the Line 12 via an 
Ethernet interface (ENET IfF) 30 and a modem 32. The 

60 interface 30 is a conventional Ethernet interface which, 
although shown separately from the TD 14 in FIG. 3, can be 
conveniently incorporated into the TO 14 either on a plug-in 
card or as a permanent part of the TD 14. The interface 30 
is the same as would be provided for connecting the TD 14 

65 directly to a CSMNCD LAN. The modem 32 has a form for 
example as described in detail below with reference to FIG. 
8, and has an Ethernet interface that is connected to the 
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interface 30, and a two-wire line interface that is connected 
to the line 12. Conveniently, the connection between the 
Ethernet interface 30 and the modem 32 is a lOBASE-T 
connection using twisted pair wiring. The modem 32 is 
referred to below as a slave modem as explained further 
below. The Ethernet interface 30 provides a Network 
address for the ·m 14 as is well known. Similarly, the 
Ethernet interface within the modem 32 provides this with a 
Network address. Although the slave modem 32 is shown 
separately from the interface 30 and the TD 14, the modem 
32 can be physically combined witb the Ethernet interface 
30 for example as described below with reference to FIG. 
15, and can be incorporated into the TD 14. 

At its other end, for example at a PSTN central office 
(CO) or remote terminal (R1), the two-wire telephone line 
12 is connected to a modem 34 wruch is referred to as a 
master modem and an example of which is described below 
with reference to FIG. 7. The modem 34 also has a 
lOBASE-T Ethernet interface which provides the master 
modem with a Network address. Tbis interface is connected 
via twisted pair wiring 36, an Ethernet switch 38, and a 
router 40 to the rest of the Network 10 in known manner. As 
is well known, (unctions of the switch 38 and router 40 can 
be combined in a s ingle device referred to as a brouter. 

An upper part of FIG. 3 illustrates, in a similar manner to 
FIG. 1, protocols in accordance with which the Network 
access arrangement operates. As in the arrangement of FIG. 

8 
At the subscriber, one or more further arrangements of a 

slave modem 32', Ethernet interface 30', and TD 14' can be 
similarly connected to the same two-wire line 12 as shown 
by a dashed line connection 44. Alternatively (or in 

5 addition), and generally more desirably, as shown by a 
dashed line connection 46 the lOBASE-T connection o( the 
slave modem 32 can be connected to a bridge 48 of known 
form, to which a plurality of "IDs 14" can be connected via 
their respective Ethernet interfaces (E 1/Fs) in known man-

10 ncr to provide a subscriber LAN. These arrangements can be 
extended as desired in known manner. 

It can be seen from the above description that embodi
ments of the invention are centered on the arrangement and 
[unctioning of the modems 32 and 34. Before describing 

15 embodiments o( these in detail, a further Network access 
arrangement is described below with reference to FIG. 4. 
This further arrangement illustrates that the communications 
on each line 12 can comprise not only the data communi
cations for the Network as described herein but also con-

20 ventiooal te lephone communications. 
Referring to FIG. 4, this illustrates tbe master and slave 

modems 34 and 32 respectively, with lOBASE-T interfaces 
to twisted pair wiring 36 and 46 respectively as described 
above, coupled via a two-wire subscriber line 12 which also 

25 serves for conventional telephone connections between a 
subscriber telephone 51 and a telephone CO or RT 50 
connected to the PSTN. To this end, a passive diplexer 52 is 
provided at each end of the two-wire line 12, the two 
diplexers 52 conveniently having tbe same form and being 

1, TCP/IP operates at OSI Layers 3 and 4 end-to-end 
throughout the entire Network and access arrangement, with 
TCP/IP software running on the TD 14. At the MAC layer, 
communications within and between the Network 10, router 
40, switch 38, and master modem 34 comprise Ethernet 
frames as described above. Similarly, communications 
between the slave modem 32 and tbe Ethernet interface 30 
comprise Ethernet frames as described above, and the TD 14 35 

operates in exactly the same known manner as it would if tbe 
interface 30 were connected directly to a LAN. 

30 for example as described below with reference to FIG. 5. 
Thus at a bead cod of tbe line 12 the CO or RT 50 and the 
master modem 34 are connected via a diplexer 52 to tl1e line 
12, and at a subscriber end of the line 12 the subscriber 
telephone 51 aod the slave modem 32 are connected to the 
line 12 via a diplexer 52. As also shown in FIG. 4, the master 
modem 34 can be multiplexed for other telephone subscriber 
lines 12' to which it is similarly connected via respective 
diplexers 52'. It can be appreciated that diplexers can be 
similarly provided in the arrangement of FIG. 3 to permit 

Communications between the master modem 34 and the 
slave modem 32 are carried out in accordance with a new 
point-to-point protocol which uses collision avoidance to 
communicate Ethernet frames between the modems. Trus 
protocol is described below and for convenience is referred 
to herein as ECAP (Ethernet frame Collision Avoidance 
Protocol). It is observed that this protocol operates only 
between the modems 32 and 34, and hence need not be 
known to, and does not change the operation of, the TD 14 
or the rest of the Network 10. The protocol and modems 
simply serve to replace a direct (short-distance) connection 
between the interface 30 and the twisted pair wiring 36 by 
a remote connection via the (much greater distance) two
wire line 12. Thus although as described here the line 12 is 
a telephone subscriber line, it can be appreciated that the 
same arrangement of master and slave modems operating in 
accordance with this new protocol can be used to commu
nicate Ethernet frames via any twisted pair wiring wrucb is 
too long to permit conventional lOBASE-Tor similar LAN 
interconnections. 

FIG. 3 also illustrates a management device 42, for 
example a computer, coupled to the Ethernet switch 38 for 
providing operations, administration, management, test, and 
other functions relating to the communications in .known 
manner. In order to provide communications via multiple 
lines 12 to multiple subscribers, preferably the master 
modem 34 contains multiplexing functions as described 
below with reference to FIG. 7, and other master modems, 
one of which is illustrated in FIG. 3 and referenced 34', are 
connected to the switch 38 similarly to the modem 34. 

40 simultaneous telephone and Network communications. 
FIG. 5 illustrates a simple form of the diplexcr 52, wruch 

comprises a d.c. and low pass filter (LPF) 54 between a 
two-wire connection to the line 12 and a two-wire connec
tion to tbe telephone 51 or CO or RT 50, and a d.c. isolator 

45 and high pass filter (HPF) 56 between the two-wire connec
tion to the line 12 and a two-wire connection to the modem 
32 or 34. As illustrated in FIG. 5, the LPF 54 can comprise 
one or more balanced filter sections comprising series induc
tors (which pass the telephone loop current) and shunt 

50 capacitors, and the HPF 56 can comprise two series capaci
tors having a capacitance such that they do not represent a 
significant load to the line 12. More complicated forms of 
diplexer 52 can be provided as desired. 

The graph in FIG. 6 illustrates the low frequency spec-
55 truro 60 of analog telephony signals, and two high frequency 

spectra 62 and 64 for Network communications. A desirable 
response 66 for the LPF 54 of the diplexer 52 separates the 
low frequency telephony signals on the two-wire line 12 
from the Network communications signals on the same line 

60 12. It can be seen from this illustration that the telephony and 
Network communications signals occupy substantia lly dif
ferent frequency bands and hence are easily separated by the 
diplexers 52. 

In FIG. 6, the spectra 62 and 64 relate to two different 
65 signal bandwidths which can be used for the Network 

communications. For example, the relatively wide band
width spectrum 62 can correspond to a modulation method 
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with a symbol or clock rate of 3 M11z, and the relatively 
narrower bandwidth spectrum 64 can correspond to a modu
lation method with a symbol or clock rate of 300kHz. Other 
signal bandwidths, not shown, can be similarly provided. 
The use of different bandwidths and modulation methods is 5 

described further below. 
FIG. 7 illustrates a form of the master modern 34, includ

ing optional but desirable multiplexing for a plurality of 
two-wire lines. The master modem includes an Ethernet 
interface 70 of known form providing a 1 OBASE-T connec- 10 

lion to the twisted pair wiring 36 and providing (for example 
from a read-only memory within the interface 70) a Network 
address for the master modern. The interface 70 is connected 

10 
supplied from the TO via the wiring 46 and the interface 
100, and to the output of a FIFO buffer 106 for supplying 
downstream Ethernet frames via the interface 100 and the 
wiring 46 to the TO. An output of the buffer 104 is coupled 
via a modulator 108, a current generator UO, and an 
isolating transformer 112 to the two-wire line 12. The 
transformer 112, which can also provide a balun function for 
the balanced line 12, is also coupled via a high pass fi Iter 114 
and a demodulator 116 to an input of the buffer 106. The 
current generator 110 provides a high output impedance to 
avoid loading of the line 12, and the HPF ll4 provides a 
matched termination of the line 12, so that these can both be 
connected to the line 12 without any switching. This enables 
loopback testing of the line 12 from the control unit 102. 
Control lines are provided between the control unit 102 and to a control unit 72 of the master modem, to the input o( a 

FIFO (first in, first out) bu[er 74 Cor buJiering downstream 
Etheroet frames supplied from the Network via the wiring 
36 and the interface 70, and to tl1e output of a FIFO buffer 

15 the buffers 104 and 106, modulator 108, and demodulator 
116. 

76 for supplying upstream Ethernet frames via the interface 
70 and the wiring 36 to the Network. An output of the buffer 
74 is coupled via a modulator 78 and a downstream demul- 20 
tiplexer 80 (constituted by switches) to a respective one of 
the multiplexed two-wire lines U via a respective isolating 
transformer (TR) 82, the output of the modulator 78 pro
viding a matched termination for the line 12. An upstream 
multiplexer 84 (constituted by switches) has inputs also 25 
coupled to the lines 12 via the transformers 82, and has an 
output coupled via a high pass filter (HPF) 86 which 
provides a matched termination for the respective Line 12 to 
which it is connected via the mu.ltiplexer 84. An output of the 
HPF 86 is connected to an input of a demodulator 88 having 30 

an output connected to an input of the buffer 76. The 
transformers 82 can also provide a balun function between 
the bal.anced lines 12 and the demultiplexer 80 and multi
plexer 84. 

The demultiplexer 80 and multiplexer 84 are addressed by 35 

the control unit 72 via address lines 90 and 92 respectively 
to provide downstream frames to and to receive upstream 
frames from respective ones of the Lines 12. The addresses 
on the lines 90 and 92 are generally different for efficient 
data flow in the downstream and upstream directions, but 40 

they can be the same for example for loopback testing of a 
s lave modem 32. To provide different logical buffers for 
frames in the buffers 74 and 76 associated with the respec
tive lines 12, the buffers 74 and 76 are also addressed via the 
address lines 90 and 92 respectively. A store 94 is also 45 

addressed with the upstream multiplexer address on the lines 
92 to provide to the demodulator 88 stored data, such as echo 
coefficients and signal amplitude level, relating to the 
respective line 12 to facilitate fast acquisition (recognition of 
the preamble of a frame) by the demodulator 88. A store 95 50 

is similarly addressed with the downstream demultiplexer 
address on the lines 90 to provide to the modulator 78 stored 
data to determine a signal transmission level and possibly 
frequency characteristics for the respective line 12. Infor
mation for the stores 94 and 95 is determined, and the stores 55 

are updated, by the control u.nit 72 in known manner. Control 
lines 96 and 98 are provided between the control unit 72 and 
the modulator 78 and demodulator 88 respectively for 
communicating control information. 

It can be appreciated that, apart from the functions related 
to the multiplexing and switching for a plurality of lines 12, 
and the operation of the modems as described below, the 
master modem 34 and the slave modem 32 are similar, and 
the arrangement of the slave modern shown in FIG. 8 could 
also be used as a master modern for a single line U. 

In each of the modems 32 and 34 the modulator, 
demodulator, and related functions are conveniently imple
mented in known manner using one or more DSPs (digital 
signal processors) with analog-digital conversion in known 
manner. DSPs can be conveniently controlled to provide an 
arbitrary number of different signal bandwidths for example 
as illustrated by the spectra 62 and 64 in FIG. 6. Conve
niently the DSPs provide a common lower frequency limit 
of about 10 kHz for all of the signal bandwidths as shown 
in FIG. 6, with the different bandwidths being determined by 
the symbol or clock rate as described above. The particular 
modulation method that is used is relatively arbitrary, but 
conveniently the DSPs in the moderns are programmed to 
select any of a plurality of modulation methods, for example 
16QAM (quadrature amplitude modulation), QPSK 
(quadrature phase shift keying), and BPSK (binary phase 
shi(t keying), providing d ifferent numbers of bits per sym
bol. These particular methods and numbers are given only 
by way of example, and other modulation methods, such as 
VSB (vestigial sideband), carrierless amplitude-phase, and 
DMT(discrete multi-tone) modulation, may be used instead, 
numerous different numbers of bits per symbol may be used, 
and the signal bandwidths may be arbitrarily defined (e.g. 
with different low-frequency cut-offs) as desired. 

The master and s lave modems communicate Ethernet 
frames downstream (from the master modem 34 to the slave 
modern 32) and upstream (from the slave modern 32 to the 
master modern 34) in a manner described in detail below. 
Briefly, this communication involves half-duplex transmis
sion IL<;ing a collision avoidance protocol (ECAP) in which 
the master modern 34 has priority and control over the slave 
modern 32. Thus the master modern 34 determines when to 
send information downstream via the line 12, and informs 
the slave modem when it is permitted to send information 
upstream via the line 12. To facilitate these communications, 
the information sent via the line 12 comprises not only the 
data packets of Ethernet frames for Network communica
tions but also control packets downstream and response 
packets upstream between l11e master and slave modems. 
These packets are incorporated into ECAP frames examples 
of which are described below with reference to FIGS. 9 to 
11. The control units 72 and 102 in the master and slave 

FIG. 8 illustrates a complementary form of a slave modern 60 

32. The slave modem includes an Ethernet interface 100 of 
known form providing a lOBASE-T connection to the 
twisted pair wiring 46 and providing (for example from a 
read-only memory within the interface 100) a Network 
address for the slave modern. The interface 100 is connected 65 moderns perform the necessary conversions between the 

Ethernet frames and ECAP data frames, and generate and 
respond to the ECAP control and response frames. 

to a control unit 102 o( the slave modem, to the input of a 
FIFO buffer 104 for bu!Iering upstream Ethernet frames 
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Other ECAP fra me formats can alternatively be provided 
to suit particular situations; for example for convenience or 
simplicity the control and response frames can have a fixed 
size and can be the same size as a data frame containing a 

FIG. 9 illustrates an ECAP data flame which comprises 
overhead information 0 /H, followed by an Ethernet frame in 
exactly the same form as described above with reference to 
FIG. 2, fol lowed by a check sequence CHK. The 0/H field 
for example consists of a few bytes comprising a preamble 
and start-of-frame (SOF) indication of a suitable form for 
the modulation method in usc by the master and slave 
modems, possibly followed by other information such as an 
ECAP frame sequence number for frame identification in 
known manner (e.g. for identifying frames for acknowledge
ment or retransmission). The check sequence CHK conve
niently comprises a CRC sequence which can be produced 

5 minimu.m-size data packet. In addition, a.lthough as 
described here by way of example the control frames are 
separate from the data frames, control information can 
instead be incorporated into the ECAP data frames, desir
ably keeping the enveloped Ethernet fra me contents intact, 

10 for example as an additional part of the overhead field 0 /H 
or between the CRC fields FCS and CHK. 

The following description of an example of the collision 
avoidance protocol, with reference to FIGS. 12 to 14, 
assumes for s implicity and clarity that the master modem 34 

in exactly the same manner as the FCS field of the Ethernet 
frame, the CRC operating on all of the information in the 
ECAP frame following the SOF indication up to and includ
ing the FCS at the end of the Ethernet frame. 111US as shown 
in FIG. 9 the Ethernet frame is enveloped, intact and v.<ithout 
any change, within the ECAP frame. 

Alternatively, as illustrated in FIG. 10, the preamble and 
SFO ftelds can be stripped from the Ethernet frame and only 

15 typically sends a single data (rame followed by a control 
frame downstream, and then waits for a response from the 
slave modem 32, and that the slave modem waits for these 
downstream frames and then typically sends a response 
frame followed by a single data fra me upstream. It also 

20 assumes for simplicity that there is only one slave modem 32 
connected to the line 12. Various modifications and exten-

the remainder of the Ethemet frame (i.e. the data packet and 
FCS field) incorporated into the ECAP frame between the 
overhead field 0 /H and the check sequence CHK. In tbis 
case the preamble and SFO fields of the Ethernet fra me are 
st;ipped for example by the control unit of whichever of the 
master and slave modems 34 and 32 is sending the frame, 25 
and is reinserted by the control unit of the receiving one of 
the modems 34 and 32 for forwarding the Ethernet frame to 
the respective Ethernet interface. 'Jbis reduces slightly the 
amount of information to be transmitted via the line 12. 
Further reductions are possible if for example the pad, used 30 

for increasing data packets of less than 46 bytes to the 
minimum data field size of an Ethernet frame, can also be 
identified, stripped prior to sending the remainder of the 
frame between the modems 34 and 32, and reinserted at the 
receiving modem. However, it may be more desirable for the 35 

modems 34 and 32 always to communicate the entire data 
packet and FCS field of each Etl1ernet frame intact, to avoid 
risk of corrupting the Ethernet frame contents. 

1bus whereas transmission of tmdersized frames is not 
possible in a CSMNCO arrangement because of the nature 40 

of the contention scheme (they are generally interpreted as 
collisions), in this ECAP scheme coll isions are avoided by 
the protocol between the master and slave modems so that 
short frames are not only permitted but can be desirable 
because they reduce the amount of information that must be 45 

communicated via the line 12. 
To this end, FIG. 11 illustrates an ECAl) control frame 

comprising a control packet to be communicated from the 
master modem 34 to the slave modem 32. The control frame 
comprises an initial overhead field 0/H as described above, 50 

followed by a control packet described below, and the check 
field CHK providing a CRC sequence for all of the infor
mation in the ECAP frame following the SOF indication up 
to the end of the control packet. The control packet com
prises destination and source address fields, a lengt/ typc 55 

field LIT, and a control field which is generally much shorter 
than the minimum 46 byte data field o f an Ethernet frame 
and whose length is given by the contents of the field IJf. 
For such a control packet the destination and source 
addresses are the Network addresses of the slave modem 32 60 

and the master modem 34, respectively. 

sions of this protocol, for example to accommodate multiple 
slave modems 32 connected to the same Line 12, can be 
contemplated and some variations are described later below. 

FIG. 12 illustrates a downstream transmitting ftow chart 
for the master modem 34, and FIG. 13 illustrates an 
upstream receiving flow chart for the master modem 34, the 
master modem 34 being assumed here simply to al.ternate 
between the transmitting and receiving states for communi
cations with a single slave modem 32. As already described, 
the master modem 34 can provide multiplexed operations 
for a plurality of slave modems, so that in practice the 
transmitting and receiving processes can take place simul
taneously and independently in a multiplexed manner for a 
plurality of slave modems. FIG. 14 illustrates a downstream 
receiving and upstream transmitting flow chart for the slave 
modem 32. The operations in tl1e modems in each case take 
place under the control of the respective control unit 72 or 
102, and tbe master and slave modems differ in the manner 
in which these units operate as described below. 

Referring to FIG. 12, in the transmitting sequence of the 
master modem 34 its control unit 72 initia lly determines in 
a decision 120 whether the downstream buffer 74 (for the 
respective line 12 and s lave modem 32) is empty. If not, i.e. 
if there is at least one Ethernet frame to be sent from the 
buffer 74, then at a block 121 the next frame to be sent 
downstream from the buffer 74 is transmitted in an ECAP 
data fra me as described above. At a block 122 the contro l 
unit 72 then sends a control frame as described above, and 
sets a timer for a response from the slave unit. In the event 
that the buffer 74 is empty as determined in the decision 120, 
then in a decision 123 the control unit 72 determines whether 
or not to send a control frame, if so proceeds to the block 122 
to send a control frame, and if not returns to the start of the 
transmitting sequence. The decision 123 whether or not to 
seod a control frame may depend upon various parameters 
which are monitored by the control unit 72, such as the fi ll 
state of the upstream receiving buffer 76, the state of the 
slave modem and the fill state of its upstream transmitting 
buffer 104, and the time since the previous control frame 
was sent to the slave modem. The contents of the control 
frame can comprise, for example, a request (poll) for the 
slave modem to transmit a frame of data upstream, a request 
for retransmission by the slave modem of a previous frame 

Conversely, an ECAP response frame can have the same 
form as the control frame shown in FIG. 11, except that it 
contains a response field instead of the control field and the 
destination and source addresses are exchanged because the 
response frame is communicated (rom the s lave modem 32 
to the master modem 34. 

65 that bas not been received correctly as determined by its 
check field CHK, control information such as operating 
parameters for the s lave modem, and/or a request for status 
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infonnation, sucb as the fills of the buffers 104 and 106, 
from the slave modem. 

Referring now to FIG. 14, at a block 140 the control unit 
102 of the slave modem 32 initially waits for a frame to be 
received from tbe master modem 34. Tbis waiting, and the 
subsequent operation of the slave modem in response to a 
received frame and operation of the master modem, ensures 
that collisions on the line 12 are avoided by giving control 
of the ECAJ? frames on the line 12 entirely to the master 
modem 34. In response to receipt of a downstream frame 
from the master modem 34, the control unit 102 of the s lave 
modem determines in a decision 141 from the field CHK 
whether the frame has been received properly and, if not, at 

14 
expected first from the slave modem, or a data frame for 
which a poll or retransmission request bas been sent to the 
slave modem as described above, or whether the frame does 
not have the expected form (e.g. it is a data frame when a 

5 response frame is expected). In the latter case the commu
nications status is updated in the block 133, and the control 
unit 72 proceeds in a manner dependent upon the updated 
status. For example, from the block 133 the control unit 
returns from the upstream receiving sequence of FIG. 13 to 

10 the downstream transmitting sequence of FIG. 12, and can 
send a control frame requesting retransmission of an 
upstream frame for which there has been a timeout from the 
block 130, a CRC error as determined in the decision 131, 

a block 142 sets a status flag to request retransmission of the 
frame and returns to tbe wait block 140. If the frame bas 15 

been properly received the control unit 102 proceeds to a 
decision 143. 

or an unexpected frame as determined in the decision 132. 
On receipt of an expected response (rame, in a block 134 

the communications status is updated accordingly, and in 
dependence upon a decision 135 either a return is made to 
the block 130 for a data frame expected following the 
response frame (a data frame is expected if it has been 

ln the decision 143 the control unit 102 determines 
whether or not the destination address in the received frame 
is tbe address of tbe s lave modem, and hence whether the 
frame is a control frame or a data frame. If the frame is 
determined to be a data frame, then in a block 144 the 
control unit 102 sets a status flag for acknowledgement of 
the frame, and in a block 145 the data frame is stored in the 
buffer 106 and a return is made to the wait block 140. 

If in the decision 143 the frame is determined to be a 
control frame, then in a block 146 the control unit 102 
generates and sends a response frame upstream to the master 
modem. The contents of the response frame depend on the 
nature of the received control frame and the status of the 
slave modem, but for example can include status 
information, an acknowledgement of the received data 
frame (based on the acknowledgement status flag), a request 
for retransmission of an incorrectly received frame (based 

20 requested from the slave modem and the response frame has 
not indicated that the upstream transmitting buffer 104 is 
empty; the timer for tbe block 130 can be reset as desired) 
or the receiving sequence ends if no subsequent data frame 
is expected. On receipt of an expected data frame as deter-

25 mined in the decision 132, in a block 136 the contro l unit 72 
sets a status flag for acknowledgement of the frame, and in 
a subsequent block 137 the received data frame is stored in 
the upstream receiving buffer 76 and the receiving sequence 
ends. As already described above, at the end of the ups tream 

30 receiving sequence the control unit 72 of the master modem 
34 returns to the start of the downstream transmiuing 
sequence already described. 

The collision avoidance protocol as described above 
provides for an approximate one-to-one ratio of downstream 
and upstream Ethernet frames, and gives priority to the 
master modem and the transmission of downstream frames. 
This is desirable because the modem arrangement has no 
control over tbe supply from the Network of Etbernet frames 
incoming to the buffer 74, and it is desirable to avoid 
overflow of this buffer which would result in a loss of data 
frames. Such a data frame loss can be accommodated by the 
T CP/IP operating at Layers 3 and 4 of the OSI model, but 
this is preferably avoided. 

The same principles apply for upstream Ethernet frames 

on the retransmission status flag), and buffer fills of the 35 

buffers 104 and 106. In a decision 147, tbe control unit 102 
then determines whether a data frame is to be sent upstream, 
i.e. Whether the received downstream control frame 
included a retransmission request or a poll for an upstream 
data frame and such a data frame is available in the upstream 40 

transmission buJfer 104. If so, at a block 148 the control unit 
102 sends the requested data frame from this buffer 104 
upstream to the master modem. After the block 148, or if no 
upstream frame is to be sent as determined in the decision 
147, a return is made to the wait block 140. 45 incoming to the buffer 104 from the TD 14, but in this case 

overflow of the buffer 104 can be prevented by tbe Ethernet 
interface 100 of the slave modem 32, under the control of the 
control unit 102 in the event tbat the buffer 104 is about to 

Referring now to FIG. 13, after the downstream trans
mitting sequence described above with reference to FIG. 12 
the control unit 72 in the master modem 34 waits, as s hown 
by a block 130, for an upstream frame to be received or for 
the timer (set at block 122) to time out. If an upstream frame 50 

is received, then in a decision 131 the control unit 72 
detem1ines from the field CHK whether the frame has been 
received properly and, if so, proceeds to a decision 132. In 

overflow,jamming the lOBASE-T connection on the wiring 
46 by transmitting a dummy signal to it. As discussed in the 
introduction, jamming is a well-known process for ensuring 
that a collision detected at one device on a CSMNCD LAN 
is also detected by all other devices on the LAN, but in this 
case the jamming is triggered differently, by the potential the event that the timer times out in the block 130 or the 

frame is incorrectly received as determined in the decision 
131, then in a block 133 the control unit 72 updates a record 
of the communications status of the master modem with the 
slave modem. This status record contains various parameters 
of the communications such as those already discussed, for 
example the status of acknowledgements and retransmission 
requests, buffer fi lls, and operating parameters of tJ1e 
modems. 

In the decision 132 the control unit determines, from the 
destination address of the received upstream frame and in 
accordance with its expectations based on the status of the 
communications, whether this is a response frame (i.e. the 
destination address is the address of the master modem) as 

55 overflow of the buffer 104. The jam or artificially created 
collision on the wiring 46 is detected by the TD 14 con
nected to this wiring, and the TD backs olf for subsequent 
retransmission of the Ethernet fra me in known manner. ln 
this manner, a loss of upstream data frames due to overflow 

60 of the buffer 104 is avoided. The same situation can take 
place in the event tbat the wiring 46 is connected to the 
bridge 48 on a subscriber LAN as described with reference 
to FIG. 3, but in this case either the bridge 48 must be a 
learning bridge to avoid passing to the slave modem 32 via 

65 the wiring 46 subscriber LAN frames not intended for 
upstream transmission, or such a learning f11nctioo must be 
incorporated into the slave modem itself, otherwise jamming 
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of all frames on the subscriber LAN will occur when the 
buffer 104 is about to overflow. 

To reduce the possibility of buffer overflow, especially of 
tbe buffer 74, the collision avoidance protocol described 
above can provide dynamic variation of the ratio of the 5 
numbers of downstream and upstream frames, for example 
in dependence upon the fills of the buffers. The buffer fills 
are monitored as described above by the control unit 72, 
either directly in the case of the master modem 34 or via 
status information in response frames from the slave modem 

10 
32. If the fill of the buffer 74 is increasing, then the master 
modem can simply send a plurality of data frames down
stream instead of each single data frame as described above 
with reference to FIG. 12, before sending the control frame 
to poll the slave modem for an upstream data frame, thereby 
increasing the downstream to upstream data frame ratio. 15 

Conversely, if the buffer 74 is relatively empty and the buffer 
104 is relatively full, the master modem can provide 
repeated polls for single upstream data frames without 
sending downstream data frames using the protocol exactly 
as described above, or more desirably the ECAP control 20 
frame poll can be arranged to indicate to the slave modem 
a number of data frames that it is requested to transmit 
upstream in response to particular polls, with the s lave 
modem responding accordingly. 

It can be appreciated from the description above that the 25 
collision avoidance protocol ensures that the modems 34 and 
32 operate in a half-duplex manner for communications 
between them via the line 12, with the total transmission 
capacity of the line being shared, preferably dynamically 
dependent upon buffer fills as described above, between the 30 

downstream and upstream directions of transmission. The 
protocol can be refined, from its basic form as described 
above, in various ways to maximize the efficiency with 
which the total transmission capacity is used. For example, 
such refinements can include provisions for sending multiple 35 

data frames successively in either direction as described 
above, concatenating or merging control and/or data frames 
seat in the same direction, and advancing the timing of 
downstream frame transmission from the master modem in 
view of the loop delay oo the line 12 (which can be measured 40 

in known manner by the master modem) and the knowledge 
in the master modem control unit 72 of what upstream 
frames are expected from the slave modem. 

1bis total transmission capacity on the line 12 can also be 
varied dynamically by the master modem 34 io dependence 45 

upon monitored operating conditions, as explained further 
below. 

16 
received upstream frame whether tbe frame bas been 
received correctly, and can monitor a proportion of correct 
upstream frames received. The control unit 72 can similarly 
monitor a proportion of correct downstream frames received 
by tbe slave modem 32 from information simi larly available 
in the control unit 102 of the s lave modem and communi
cated to the control unit 72 via the response frames. From 
such ongoing monitoring, the control unit 72 can determine 
dynamically whether the clock rate in current use for the 
DSPs is appropriate or shou.ld desirably be increased to 
increase the total transmission capacity on the line 12 or 
decreased to decrease the proportion of frames received in 
error. This can be determined either independently or in 
common for the upstream and downstream directions of 
transmission. 

For example, if the control unit determines that a high 
proportion, more than an upper threshold value of for 
example 95 to 99%, of frames are received correctly, thea it 
can decide to increase the DSP clock rate and hence the total 
transmission capacity. To this end it generates a control 
frame which is scot from the master modem to the slave 
modem instructing the slave modem to adopt a new, higher, 
clock rate for f-uture frames, tbe slave modem responds 
accordingly, and the master modem switches its own clock 
rate. Conversely, iJ the control unit determines that a low 
proportion, less than a lower threshold value of for example 
SO to 75%, of frames are received correctly, thea it can 
decide to decrease the DSP clock rate to reduce errors. To 
this end it generates a control frame which is sent from the 
master modem to the slave modem instmcting the slave 
modem to adopt a new, lower, clock rate for future frames, 
the slave modem responds accordingly, and the master 
modem switches its own clock rate. It can be appreciated 
that tbe threshold levels can be determined to provide a 
desired hysteresis for changing the clock rate, and that they 
may be adaptively adjusted by the control unit 72 in depen-
dence upon the results of previous changes in clock rate. 

Tbe total transmission capacity is determined not only by 
the symbol transmission rate on the line 12 but also by the 
number of bits per symbol, and hence by the modulation 
method that is used. As described above, the modem DSPs 
can provide any of a plurality of modulation methods, such 
as 16QAM, QPSK, and BPSK providing respectively 4 bits, 
2 bits, and 1 bit per transmitted symbol. In a similar manner 
to that described above for dynamically varying the symbol 
transmission rate, the control unit 72 can also or instead 
dynamically vary the modulation method. A determination 
as to whether to change the symboltra"nsmission rate and/or 
the modulation method can be made by the control unit 72 

50 io dependence upon various parameters such as the current 
symbol transmission rate and modulation method, a history 
of these operating parameters, the error rate, and monitored 
characteris tics of the line 12 such as delay, signal levels, and 

As described above, the modulation and demodulation 
functions in the master and slave modems are desirably 
implemented using DSPs. A clock rate of the DSPs can be 
changed to vary the signal bandwidth as shown by the two 
ditierent spectra 62 and 64 in FIG. 6. A high clock rate 
provides a corresponding large bandwidth, for example as 
shown by the spectrum 62 in FIG. 6, providing a high 
symbol transmission rate on the line 12 between the modems 55 

34 and 32. However, this involves greater susceptibility to 
noise (a large noise bandwidth) and greater signal attenua
tion (which is dependent on frequency). Conversely, a lower 
clock rate provides a smaller bandwidth, for example as 
shown by the spectrum 64 in FIG. 6, providing a lower 
symbol transmission rate on the line 12 with less suscepti
bility to noise and less signal attenuation. Considered 
generally, higher symbol rates oo the line 12 produce greater 
total transmission capacity and greater error rates, resulting 
in frames having to be retransmitted. 

As also described above, the control unit 72 in the master 
modem 34 determines from the check field CHK of each 

echo parameters. 
In any event, the dynamic variations discussed above 

enable tl1e control unit 72 in the master modem 34 to 
determine and use, at any particular time for any particular 
line 12 to which it is connected, a clock rate and modulation 
method to provide ao optimal total transmission capacity oo 

60 that line. It can be appreciated that this optimal capacity may 
well include a certain proportion of frames that are in error 
and mtLSI be retransmitted, and that this is accommodated by 
the collision avoidance protocol as already described above. 

The total transmission capacity can vary over an 
65 extremely wide range. For example, for a short line 12 and 

under good conditions, the modulation method may be 
16QAM and the clock rate 3 MHz to provide a tota l 
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transmission capacity of the order of the lOBASE-T bit rate 
of 10 Mb/s. Conversely, for a long line 12 (it is observed 
here that the line 12 must be unloaded to permit communi
cation of signals at frequencies above the voice-band) and in 
poor conditions (e.g. in the presence of noise and cros.stalk) 5 

the modulation method may be BPSK and the clock rate may 
be reduced to for example 30 kHz, thereby providing a total 
transm.i.ssion capacity of about 25 kb/s (at for example 0.85 
bits per Hertz to allow for excess bandwidth of the modem 
fillers). However, it is noted that even this total transmission 10 

capacity is commensunte with the maximum bit rates of 
dial-up modems currently used to provide Network connec
tions via conventional two-wire telephone lines. In practice, 
the total transmission capacity provided will be between 
tbese extremes, and wil l generally be substantially more 15 

than can be provided by currently used dial-up modems or 
on ISDN telephone lines. 

It is also noted that the master modem 34 can be arranged 
to fall back to known modem comnmnications methods in 
tbe event that it does not receive any ECAP response frames 20 
from a slave modem, so that the same master modem can 
operate alternatively with slave modems as described above 
or with conventional modems. 

18 
continue in known manner except that they take place via the 
modems 34 and 32 and line 12 instead of via a direct 
connection as is known. 

In the embodiments described in detail above and as 
illustrated in FIG. 3 the slave modem 32 is sepa.rate from the 
Etheroet interface 30 connected to the TO 14 and includes 
its own Ethernet interface and Network address. While this 
is convenient in the case that the slave modem is connected 
to a subscriber LAN via the wiring 46, it can be superfluous 
or undesirable in the event that the slave modem 32 is 
connected to only a single TO 14, especially if the slave 
modem 32 and Ethernet interface 30 are merged together 
into a combined unit that may be incorporated into the TO 
14 as would be desirable for example for an entertainment 
device. Even in the case of a subscriber LAN, the bridge 48 
can be considered as a terminal device in which the slave 
modem 32 could be incorporated. 

It can be seen, therefore, that the manner in which the 
slave modem 32 is ultimately connected to the TO 14 is 
relatively arbitrary as far as this invention is concerned, it 
only being necessary that the information be converted or 
translated between the Ethernet frames to and from the 
buffers 104 and 106 of the slave modem and whatever form 
is required for the connection to the TD 14 (for example, a 
PCM/CIA interface of known form), and that a Network 
address identify the TD, translator, and/or slave modem. 
Desirably, the slave modem 32 and the Ethernet interface 30 
are merged into a combined unit, which can have a form for 
example as illustrated in FIG. 15. 

Referring to FIG.15, the combined unit has a similar form 
and operation to the slave modem 32 as described above 
with reference to FIG. 8, and the same reference numerals 
are used io denote similar parts, except that the Ethernet 
interface 100 and wiring 46 of the slave modem of FIG. 8, 
as well as the Ethernet interface 30 of FIG. 3, are replaced 
by a data translator 150. The translator 150 has an interface 
152 to the control unit 102 and buffers 104 and 106, and an 
interface 154 to the TO 14, which are arranged and operate 
in the same manner as the corresponding parts of the known 
Ethernet interfaces 100 and 30 discussed above. Between 

In use of the network access arrangement and protocol as 
described above, the master and slave modems and the line 25 
12 simply serve to communicate Etberoet frames in both 
directions transparently between the wiring 36 and 46. 
Accordingly, the subscriber is provided with a Network 
connection without any dial ling process, and hence without 
involving a telephone connection via the PSTN, in the same 30 

way (as seen by tbe Network and by tbe subscriber) as if the 
wiring 36 and 46 were directly interconnected. As described 
above, this Network connection is established in a manner 
tha t is dynamically variable to provide an optimum total 
transmission capacity, which can be shared in a dynamically 35 

variable and optimized ratio of upstream to downstream data 
frames, for any prevailing conditions such as the character
istics of the line 12 and noise and crosstalk levels. For short 
lines 12, the total transmission capacity is comparable with 
the bit rate of lOBASE-T LANS, so that there is no inherent 
deterioration of performance for communication of Ethernet 
frames. In addition, it is observed that because the frames on 
the line 12 are communicated in burst mode, there is 
statistically less energy on the line than would be the case for 
continuous data transmission on the same line, so that 
crosstalk with other lines in the same cable is reduced. 
Purthermore, the same line 12 can simultaneously carry 
conventional telephone signals, so that provision of the 
network access arrangement to a telephone subscriber does 
not necessitate the provision of an additional or separate 50 

telephone line. 

40 these interfaces 152 and 154, the unit 150 includes a 
minimized subset of the known circuits and functions of the 
Ethernet interfaces 100 and 30 necessary to translate data 
between the TO interface 154 and the Ethernet frame buffers 
104 and 106, and to provide a single Network address. 'This 

45 avoids the disadvantage of needing two Network addresses 
for the slave modem 32 and the Ethernet interface 30 

Thus the tLSe of the network access arrangement from a 
TD 14 is substantially the same as if the TD 14 were 
connected directly via an Etheroet interface to the Ethernet 
switch 38. The TO 14 runs conventional software which, for 55 

initial access to the Network, in known manner sends 
information packets in Ethernet frames upstream, these 
packets containing for example the Network address of the 
management device 42 as the destination address and the 
Network address of the TO 14 as the source address. The 60 

packets are routed via the Ethernet switch 38 in known 
manner to the device 42, and the switch 38 stores the address 
of the TO 14 for subsequent direction of Ethernet frames 
addressed to this address to this TO. In known manner, the 
device 42 either recognizes the source address of the TO 14 65 

and provides a welcome message, or does not recognize it 
and initiates a registrat ion process, and communications 

respectively as in the embodiments of the invention 
described above, but makes it necessary to distinguish 
between ECAP control frames for the control unit 102 and 
ECAP data frames enveloping Ethernet frames containing 
data for the TO 14. 

Where the control frames and data frames are separate 
ECAP frames, this distinction can conveniently be provided 
by using the UT field of the Ethernet frame. For an ECAP 
control frame, the LIT field can contain a pre-assigned (and 
otherwise unused) type having a value greater than the 
maximum value of 1500 for an Ethernet frame, which is 
recognized by the control unit 102 so that the control frame 
is not forwarded to the translator 150. Alternatively, or in 
addition, as described above ECAP control information can 
be appended to Ethernet frames, for example in the overhead 
field 0/H or between the FCS fie ld of the enveloped Ethernet 
frame and the check field CHK of the ECAP frame. In either 
case the control information can be of a fixed size or it can 
include its own length field to indicate its size. The L(f field 
of tl1e enveloped Ethernet frame is not changed, to avoid any 
risk of corrupting the Ethernet frame. 
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Although particular embodiments of the invention and 
various modifications have been described in detail, it 
should be appreciated that numerous other modifications, 
variations, and adaptations may be made without departing 
from the scope of the invention as defined in the claims. 

What is claimed is: 
5 

20 
frequencies greater than telephone signal frequencies, 
the method further comprising the steps of: 
communicating telephone signals via the line; and 
at each end of the line, combining telephone signals and 

information packets to be communicated via the line, 
and separating telephone signals and information 
packets communicated via the line, using a diplexer. 1. A method of communicating information packets to and 

from a CSMNCD (Carrier Sense Multiple Access with 
Collision Detection) path via a bidirectional communica
tions path, comprising the steps of: 

coupling a first end of the communications path to the 
CSMNCD path via a first modern having a CSMNCD 
interface coupled to the CSMNCD path; 

4 . A method as claimed in claim 3 and further comprising 
the step of multiplexing s ignals of tbe first modem for 

10 
communicating information packets between the first 
modern and a plurality of second moderns. 

communicating said information packets between the 
CMSAJCD path and the first modem via said CSMN 15 

CD inter(ace, 

coupling a second end of the communications path to a 
second modem; 

communicating said information packets between the first 20 
and second modem via the communications path using 
half duplex communications controlled by the first 
modem; 

communicating control information for controlling said 
half duplex communications via the communications 25 
path from the first modern to the second modern: and 

wherein the communications path comprises a two-wire 
telephone subscriber line and wherein the modems 
communicate said information packets via the line at 
frequencies greater than telephone signal frequencies, 30 

the method further comprising the steps of: 
communicating telephone signals via the line; and 

5 . Network access apparatus comprising: 
a CSMNCD (Carrier Sense Multiple Access with Colli

sion Detection) interface (or coupling to a CSMNCD 
path; 

a second interface for coupling to a bidirectional com
munications path; 

a controllmit for producing control information for con
trolling another apparatus coupled to the communica
tions path so that communications via the communica
tions path take place in a half duplex manner; 

a first buffer arranged to buffer information packets 
received from the CSMA/CD path via the CSMA/CD 
interface and to supply buffered information packets 
via the second interface to the communications path; 
and 

a second buller arranged to buffer information packets 
received from the communications path via the second 
interface and to supply buffered information packets to 
the CSMNCD path via the CSMNCD interface. 

6. Apparatus as claimed in claim 5 wherein the second 
interface comprises a modem for communicating modulated 
signals via the communications path. at each end of the line, combining telephone signals and 

information packets to be communicated via the line, 
and separating telephone signals and information 
packets communicated via the line, using a diplexer. 

2. A method as claimed in claim 1 and further comprising 
the s tep of multiplexing signals of the first modem for 
communicating information packets between the first 
modem and a plurality of second modems. 

7 . Apparatus as claimed in claim 6 and including a 
35 plurality of said first and second buffers for buffering infor

mation packets for a plurality of bidirectional communica
tions paths. 

3. A method of communication information packets to and 
from a CSMNCD (Carrier Sense Multiple Access with 
Collis ion Detection) path via a bidirectional communication 
path, comprising the steps of: 

40 

coupling a fi rst end of the communications path to a first 45 

modern; 
communicating information packets between the CSMN 

CD Oath and the first modern via a CSMNCD inter
face; 

coupling a second end of the communications path to a 
second modem; 

50 

communicating informati on packets and control 
information, for controlling operation of the second 
modern, from the first modern to the second modern via 55 

the communications path; 
communicating information packets from the second 

modem to the first modem via the communications path 
under control of the control information; 

the control information providing half duplex communi- 60 

cations on the bidirectional communications path; and 

wherein the communications path comprises a two-wire 
telephone subscriber line and wherein the modems 
communicate said information packets via the line at 

8. Network access apparatus comprising: 
a CSMA/CD (Carrier Sense Multiple Access with Colli

sion Detection) interface for coupling to a CSMNCD 
path; 

a second interface for coupling to a bidirectional com
munications path; 

a buffer arranged to buffer information packeLs received 
from the communications path via the second interface 
and to supply buffered information packets to the 
CSMNCD path via the CSMNCD interface; 

a control unit; and 
another bu.ffer arranged to buffer information packets 

received from the CSMA/CD path via the CSMNCD 
interface and controlled by the control unit to supply 
buffered information packets via the second interface to 
the communications path; 

wherein the control twit is responsive to control 
information, from another apparatus coupled to tbe 
communications path, received from the communica
tions path via the second interface for controlling said 
another buffer so that communications via the commu-
nications path take place in a half duplex manner. 

9. Apparatus as claimed in claim 8 wherein the second 
interface comprises a modem for communicating modulated 
signals via the communications path. 

* * * * * 
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INFORMATION NETWORK ACCESS 
APPARATUS AND METHODS FOR 

COMMUNICATING INFORMATION 
PACKETS VIA TELEPHONE LINES 

This is a continuation of 09/251,939 U.S. Pat. No. 
6,327,264, filed on Feb. 18, 1999, and issued on Dec. 4, 
2001, which is further a continuation of 08/690,705 U.S. Pat. 
No. 5,912,895, filed on May 1, 1996, and issued on Jun. 15, 
1999. This application claims benefit of and priority to both 
U.S. Pat. No. 6,327,264 and U.S. Pat. No. 5,912,895, which 
arc both incorporated by reference in their entirety herein. 

This invention relates to information network access, and 

2 
A particularly convenient and popular physical medium 

for LAN communications is twisted pair wiring as is com
monly used for telephone communications. Sucb wiring 
typically consists of 0.4 mm to 0.6 mm diameter (26 AWG 

5 to 22 AWG) unshielded wires twisted together in pairs in a 
multipair cable. For example, one of tbe options for the 
physical layer documented for CSMNCD is referred to as 
10BASE-T and provides baseband communications at a data 
rate of 10 Mb/s over twisted pair wiring. The performance 

10 
specifications are generally met by up to 100m (meters) of 
0.5 rum telephone twisted pair wire without the use of a 
repeater. Longer wiring lengths are permitted as long as the 
performance specifications, in particular a maximum delay, 
are mel. is particularly concerned with apparatus and methods for 

communicating information packets, generally referred to as 15 

Ethernet frames, via two-wire lines such as telephone sub
scriber lines. 

Accordingly, devices that are located relatively close to 
one another, for example within a building, can be relatively 
easily connected in a LAN using twisted pair wiring. For 
CSMA/CD communications via the LAN and for access to 
the Network, each device is easily equipped with an Ethernet BACKGROUND OF THE INVEN'J10N 

Computers and related devices are increasingly being 
connected into networks for communications between the 
devices. Typically, the networks comprise LANs (local area 
networks) which provide communications among devices 
within a relatively small geographical area different LANs 
being interconnected via MANs (metropolitan area 
networks) and WANs (wide area networks). This has 
resulted in a global computer information network which is 
generally known as the Internet. The term "Network" is used 
herein to refer generically to this global computer informa
tion network and to any other network of computers and 
related devices. 

20 interface card, which is connected via a respective twisted 
pair of wires to a repeater or CSMNCD bub, and with 
TCP/IP (rransmission Control Protocol/Internet Protocol) 
software that handles the packetized communications at 
Layers 3 and 4 of the OS! model (Network and Transport 

25 Layers, respectively). 
Increasingly, access to the Network is required from 

devices that are relatively distant from existing Network 
facilities. For example, such devices may be located within 
residences and small businesses, and they may be isolated 

30 computers or they may be connected in a LAN that is not 
connected to the rest of the Network. Such devices may for 
example comprise general-purpose computers or specific
purpose devices such as a Network browser, game machine, 
and/or entertainment device, and may also comprise related 

DiJierent technologies can be used to facilitate commu
nications on any LAN and throughout the Network, the most 
common being Carrier Sense Multiple Access with Collision 
Detection (CSMNCD) technology. This is documented in 
IEEE Standard 802.3 entitled ·'Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) Access 
Method and Physical Layer Specifications" which bas been 
adopted by the International Organization for Standardiza- 40 
tion (ISO). The 802.3 Standard is based on the 1985 Version 

35 and/or ancillary equipment such as workstations, printers, 
scanners, bridges, routers, etc. that it may be desired to 
connect to the Network. The generic term " terminal device" 
and its abbreviation "TO" is used below to embrace all such 
devices. 

It is known to provide for access to the Network from a 
relatively distant terminal device, or TO, via a communica
tions path between a router on the Network and the distant 
TD, the communications path typically being constituted by 
a telephone line. 

A simple form of such a communications path is a serial 
link comprising modem communicatiollS via a conventional 
two-wire telephone line. At Layers land 2 of the OS! model 
the CSMA/CD communication, which can not be used on 
the serial link because of its length and characteristics, is 

2 Standard for Ethernet and, although there are some dif
ferences including different use of a length/type field, the 
two Standards are largely interchangeable and can be con
sidered equivalent as far as this invention is concerned. The 45 
term "CSMA/CD" is used herein to refer generically to this 
technology. Using CSMA/CD, packets of data are commu
nicated in frames that are generally referred to as Ethernet 
frames. This term is also used herein, regardless of whether 
the frames comply with the 802.3 Standard or the Ethernet 
Standard (i.e. regardless of the value contained in the 
length/type field of the frame). 

50 replaced for the communication with each distant TD by 
modem communications via the respective telephone line 
and a point-to-point protocol, such as PPP (Point to Point 
Protocol) or SLI P (Serial Link Internet Protocol). Current:ly, 
modem communications generally provide a maximum data 

The OSI (Open Systems Interconnection) reference 
model established by the ISO defines packetized communi
cations protocols in seven layers, of which Layer 1 is the 
physical layer which is concerned with the physical inter
faces between devices and the communications medium, 
and Layer 2 is the data link layer which is concerned with 
sending and receiving blocks of data together with informa
tion for example for synchronization and error and flow 
control. For LANs, the data link layer is generally consid
ered as comprising two sub-layers, referred to as the LLC 
(logical link control) layer and the MAC (medium access 
control) layer. The LLC layer (Layer 2) is addressed by 
IEEE Standard 802.2. The CSMNCD Standards address 
communications at the MAC and physical layers (Layers 2 
and l). 

55 rate of 28.8 kb/s, and may typically operate in practice at 
lower, fall-back, data rates such as 19.2 or 14.4 kb/s. Such 
data rates are increasingly insufficient to meet demands 
imposed on communications Cor Network access, in particu
lar for rapid downloading of relatively large amounts of 

60 data, e.g. for graphics. In addition, use of such modem 
communications prevents simultaneous use of the telephone 
line for telephone communications. Furthermore, such a 
communications patb is set up as a dialled connection via the 
public switched telephone network (PSTN), which involves 

65 the inconvenience to the distant TD user of having to 
establish the diaJied connection and the disadvantage oflong 
connection times via the PSTN. 
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operation of tbe modems, such as the control information 
from the first modem to tbe second modem and response 
information from the second modem to the first modem, can 
be included in at least some of tbe information frames and/or 

s in further frames which comprise this information and an 
error check field for error checking of at least this in forma-

An alternative form of telephone communications path 
comprises an ISDN (Integrated Services Digital Network) 
telephone line. This provides two 64 kb/s B-cbannels each of 
wbicb can be used for carrying voice communications or 
data A TD can be connected to the ISDN line via a terminal 
adapter, which can thereby provide a total bit rate of 128 
kb/s for data on boih B-channels, or 64 kb/s for data on one 
B-channel simultaneously with digital telephone voice com
munications on the other B-channel. While this provides a 
significant increase in data rate compared with using a 10 

conventional two-wire telephone line, it requires an ISDN 
telephone line which, in tbe relatively limited areas in which 
it is available, involves additional cost, and the connection 
still bas the disadvantage of being a dialled connection via 
the telephone network. In addition, a terminal adapter is 15 

generally more costly than a modem. Furthermore, even data 
rates of 64 kb/s or 128 kb/s are likely to be increasingly 
insufficient with evolution of the Network. 

tion. 
Preferably each information packet communicated 

between the modems via the communications path com
prises at least address, length, and data fields of an Ethernet 
frame communicated via the CSMNCD path, it desirably 
also comprises a frame check sequence of the respective 
Ethernet frame, and may further comprise a preamble and 
start frame delimiter of an Ethernet frame. 

Advantageously, the communications path comprises a 
two-wire telephone subscriber line and the modems com
municate said information packets via tbe line at frequencies 
greater than telephone signal frequencies, the method further 
comprising the steps of communicating telephone signaLs Higher speed telecommunications lines may be available 

for lease to provide high data rate communications, but these 
are not economical for TDs in residences and most small 
businesses. Cable moderns have also been proposed for 
providing Network access via coaxial (coax) or hybrid 
tiber-coax (HFC) cable television distribution networks that 
provide bidirectional communications. While such propos
als offer the possibility of high data rates, they are also 
limited to their own serving areas and are likely to involve 
relatively high costs for both the modem equipment and the 
ongoing use of the service. 

20 via the line and, at each end of the Line, combining telephone 
signals and information packets to be communicated via the 
line, and separating telephone signals and information pack
ets communicated via the line, using a diplexer. 

The method can further comprise tbe step of multiplexing 
25 signals of the first modem (or communicating information 

packets between the first modem and a plurality of second 
moderns. 

Accordingly, there is an increasing need to faci litate 30 

access from terminal devices to the Network at relatively 
low cost both for equipment and ongoing service, that is not 
restricted to particular areas, that provides for high data 
rates, and that desirably does not preempt telephone com-

35 munications or require long connection times via the PSTN. 
An object of this invention is to address this need. 

The method can further comprise the steps of monitoring 
errors in communicating said information packets between 
the first and second modems via the communications path, 
and determining operations of the first and second modems 
in dependence upon monitored errors. The step of determin
ing operations of tbe moderns in dependence upon moni-
tored errors can comprise varying a signal bandwidth and/or 
a modulation method of the modems. This enables an 
optimum rate to be achieved for communicating information 
packets via any particular two-wire line. 

SUMMARY OF THE INVENTION 

According to one aspect, this invention provides a method 
The method can further comprise the step of commuui-

40 eating information packets between the second modem and 
a second CSMA/CD path via a second CSMNCD interface. of communicating information packets to and from a 

CSMNCD (Carrier Sense Mulliple Access with Coll ision 
Detection) path via a bidirectional communications path, 
comprising the steps of coupling a first end of the commu
nications path to a first modem; communicating information 45 
packets between the CSMNCD path and the first modem 
via a CSMNCD interface: coupling a second end of the 
communications path to a second modem; communicating 
information packets and control information, for controlling 
operation of tbe second modem, from the first modem to tbe 50 
second modem via the communications path; and commu
nicating information packets from tbe second modem to the 
first modem via the communications path under control of 
the control information; the control information providing 
half duplex communications on the bidirectional communi- 55 
cations path. 

The half duplex communications, which can alternatively 
be considered as time division duplex or time compression 
multiplex communications, avoid collisions or interference 
between information packets communicated in the two 60 

directions of communication on the communications path by 
ensuring that the communications in the two directions take 
place at different times. 

Preferably each step of communicating information pack-
ets comprises enveloping them in information frames which 65 

also comprise error check fields for error checking of at least 
the enveloped information packets. Information relating to 

BRIEF DESCRIPTION OF THE DRAWINGS 

Tbe invention will be further understood from tbe fol
lowing description with reference to tbe accompanying 
drawings, in which: 

FIG. 1 schematically illustrates a known Network access 
arrangement; 

Fl.G. 2 illustrates the known format of an Ethernet fnme; 
FIG. 3 schematically illustrates a Network access arrange

ment in accordance with an embodiment of this invention; 
FIG. 4 schematically illustrates a Network access arrange

ment providing for simultaneous te leph o ne 
communications, in accordance with another embodiment of 
this invention; 

FIG. 5 schematically illustrates a diplexer used in tbe 
arrangement of FIG. 4; 

FIG. 6 shows a graph illustrating frequency characteris
tics related to the arrangement of FIG. 4; 

FIG. 7 schematically illustrates a master modem provided 
in the Network access arrangements of FIGS. 3 and 4; 

FIG. 8 schematically illustrates a slave modem provided 
in the Network access arrangements of FIGS. 3 and 4; 

FIGS. 9 to 11 illustrate frame formats that can be used in 
Network access arrangements in accordance with embodi
ments of the invention; 
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FIGS. 12 to 14 are flow charts with reference to which 
operation of the master and slave modems is described; and 

FIG. 15, which is on the same sheet as FIG. 8, schemati
cally illustrates a combined unit which replaces a slave 
modem and Ethernet ·interface provided in the arrangement 
of FIG. 3. 

DETAILED DESCRIPTION 

6 
type value in this field. Thus the two Standards are different 
but inter-operable in this respect. It follows from this format 
that each frame comprises a data packet of from 60 to 1514 
bytes, together with overhead (preamble, SFD, and FCS 

s fields) of 12 bytes. 

In accordance with the CSMA/CD Standards, the bits of 
each Ethernet frame are communicated using Manchester 
coding (a 1 bit is encoded as a 01 sequence, and a 0 bit is 
encoded as a 10 sequence, in each case with a transition in 

10 the middle of the bit period) at a predetermined data rate 
which is typically 10 Mb/s. Any terminal device connected 
to a CSMA/CD LAN can transmit a frame to the LAN 
(Multiple Access) in accordance with a contention scheme 
which is summarized by the following steps: 

FIG. 1 illustrates elements of a known arrangement for 
access from a subscriber to the Network 10 via a conven
tional two-wire telephone line 12. Subscriber equipment 
includes a terminal device (TD) 14 which for example is 
constituted by a personal computer (PC), and a modem 16 
connected to the line 12 and for example providing a 

15 
maximum data rate of 28.8 kb/s. Although shown separately 1. Monitor the LAN (Carrier Sense). 
from the TO 14, the modem 16 can instead be incorporated 
therein. The modern 16 communicates with a modem in a 
pool of dial-up modems 18 with a dialled connection which 
is established in well-known manner via the PSTN 20 to 

2. When the LAN is idle, transmit. 

20 
which the telephone line 12 is connected. The modems in the 

3. While transmitting, monitor the LAN for a collision 
(Collision Detection) by comparing transmitted bits 
with what is received from the LAN. 

4. When a collision is detected, continue transmitting for 
a short period so that all IDs on the LAN detect the 
collision (this is referred to as jamming). Wait a random 
period of time determined by a binary exponential 
back-off algorithm, then return to step 1 for retrans
mission. 

modem pool 18 are connected via an Ethernet interface 
(ENET I/F) 22 to a router 24 which is connected to IJ1e 
Network 10 and hence can be considered to be a part of the 
Network, the Network 10 generally being considered to 
include all of the terminal devices connected to it. 

25 

An upper part o( FIG.l illustrates protocols in accordance 
with which the arrangement operates. TCP/IP operates at 
OS! Layers 3 and 4 end-to-end throughout the entire Net
work and access arrangement, with TCP/IPsoftware running 
on the TD 14. At the MAC layer of OSI Layer 2, commu
nications in the access arrangement between the Ethernet 
interface 22 and the TO 14 operate in accordance with a 
point-to-point protocol such as PPP or SLIP, and commu
nications between the Ethernet interface 22 and the Network 
10, and within the Network 10, comprise Ethernet frames as 
described below with reference to FIG. 2. 'Ibese frames can 
be carried in a wide variety of forms and via various physical 
media, for example as the Ethernet frames themselves on a 
CSMNCD LAN, in XfM (asynchronous transfer mode) 
cells, in SO NET (synchronous optical network) formats, and 
so on. For communications between the Network 10 and the 
TD 14, the router 24 converts between the Ethernet frames 
of the Network and the serial communications on the line 12 
between the modems 16 and 18. 

A generally similar arrangement to that of FIG. 1 is 
provided in the event that the telephone line is an ISDN line, 
except that the modem 16 is replaced by an ISDN terminal 
adapter and communications on the line arc digital at a rate 
that can be 64 or 128 kb/s. 

FIG. 2 illustrates the Ethernet frame at the MAC layer. It 
consists of, in order, a preamble field of 7 bytes or octets (8 
bits) of alternating ls and Os starting with a 1.; a start frame 
delimiter (SFD) field of 1 byte having the sequence 
10101011; a destination address field of 6 bytes: a source 
address field of 6 bytes: a length or type field of 2 bytes 
described further below; a data field of 46 to 1.500 bytes, and 
a frame check sequence (FCS) field of 4 bytes or octets 
constituted by a CRC (cyclic redundancy check) of the data 
packet constituted by the address, length or type, and data 
fields. Data of less than 46 bytes in a fran1e is padded to IJ1e 
minimum data field size of 46 bytes. In accordance with the 
802.3 Standard, the length or type field represents the length 
of data in the data field up to the maxinmm of 1500 bytes. 
In accordance with the Ethernet Standard, the length or type 
field is a value greater than 1500 that represents the type of 
data packet, and I P data packeLs are identified by one specific 

The minimum and maximum Ethernet frame size, predeter
mined data rate, and characteristics and lengths of segments 
of the LAN are inter-related in a manner that ensures 

30 effective operation of this contention scheme. For a 
lOBASE-T LAN using twisted pair wiring, as explained in 
the background of the invention this results in a maxinmm 
segment length of the order of 100 meters. 

The two-wire telephone line 12 in the arrangement of 
35 FIG. 1 is constituted by twisted pair wiring, but has a length 

which is invariably much greater than 100 meters. Typically 
the length may be a maximum of about 5500 meters, with an 
average length for telephone lines in North America of the 
order of 1700 meters. These lengths are much greater than 

40 the approximate 100 meter maximum for a 10BASE-T 
LAN, and propagation delays make it impossible for the 
contention scheme outlined above to operate over such 
distances of twisted pair wiring. Even if this were not the 
case, signal attenuation over these distances of twisted pair 

45 wiring would make it very difficult to provide any reliable 
detection of collisions. Accordingly, it is not practical to use 
CSMNCO on the telephone line 12. Instead, the serial link 
point-to-point protocols are used in conjunction with the 
modems 16 and 18 as discussed above to provide Network 

50 access, with the data rate and other limitations discussed in 
the background of the invention. 

FIG. 3 illustrates a Network access arrangement in accor
dance with an embodiment of this invention which is 
described first below, and also illustrates variations of this 

55 which arc described subsequently below. 
In FIG. 3, a TO 14 of a subscriber is again connected to 

the Network 10 via a two-wire telephone subscriber line 12 
which in this arrangement, as in the arrangement of FIG. 1, 
is not being used for telephone communications. The TD 14 

60 in this arrangement is connected to the line 12 via an 
Ethernet interface (ENET 1/F) 30 and a modem 32. The 
interface 30 is a conventional Ethernet interface which, 
although shown separately from the TD 14 in FIG. 3, can be 
conveniently incorporated into the TD 14 either on a plug-in 

65 card or as a permanent part of the TD 14. The interface 30 
is the same as would be provided for connecting the TD 14 
directly to a CSMA/CD LAN. The modem 32 has a form for 
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example as described in detai l below with reference to FIG. 
8, and has an Etl1emet interface that is connected to the 
interface 30, and a two-wire line interface that is connected 
to the line 12. Conveniently, the connection between the 
Ethernet interface 30 and the modem 32 is a 10BASE-T 5 

connection using twisted pair wiring. The modem 32 is 
referred to below as a slave modem as explained further 
below. T he Ethernet interface 30 provides a Network 
address for the TO 14 as is well l.:uown. Si milarly, the 
Ethernet interface within the modem 32 provides this with a 10 

Network address. Al though the s lave modem 32 is shown 
separately from the interface 30 and the TO 14, the modem 
32 can be physically combined with the Ethernet interface 

8 
one of which is illustrated in FIG. 3 and referenced 34', are 
connected to the switch 38 similarly to the modem 34. 

At the subscriber, one or more further arrangements of a 
slave modem 32', Ethernet interface 30', and TD 14' can be 
similarly connected to the same two-wire line l2 as shown 
by a dashed line connection 44. Alternatively (or in 
addition), and generally more desirably, as shown by a 
dashed line connection 46 the lOBASE-T connection of the 
slave modem 32 can be connected to a bridge 48 of known 
form, to which a plurality of TDs l4" can be connected via 
their respective Ethernet interfaces (E 1/Fs) in known man-
ner to provide a subscriber LAN. These arrangements can be 
extended as desired in known manner. 

It can be seen from the above description that embodi-30 for example as described below with reference to FIG. 
15, and can be incorporated into the TD 14. 

At its other end, for example at a PSTN central office 
(CO) or remote terminal (RT), the two-wire telephone tine 

15 ments of the invention are centered on the arrangement and 
functioning of the modems 32 and 34. Before describing 
embodiments of these in detail, a further Network access 
arrangement is described below with reference to FIG. 4. 12 is connected to a modem 34 which is referred to as a 

master modem and an example of which is described below 
with reference to FIG. 7. The modem 34 also has a 20 
lOBASE-T Ethernet interface which provides the master 
modem with a Network address. This interface is connected 
via twisted pair wiring 36, an Ethernet switch 38, and a 
router 40 to the rest of the Network 10 in known manner. As 

111is further arrangement illustrates that the communications 
on each line 12 can comprise not only the data communi
cations for the Network as described herein but also con-
ventional telephone communications. 

is well known, functions of the switch 38 and router 40 can 25 
be combined in a single device referred to as a brouter. 

Referring to FIG. 4, this illustrates the master and slave 
modems 34 and 32 respectively, with lOBASE-T interfaces 
to twisted pair wiring 36 and 46 respectively as described 
above, coupled via a two-wire subscriber line 12 which also 

An upper part of FIG. 3 illustrates in a similar manner to 
FIG. 1, protocols in accordance with which the Network 
acces.s arrangement operates. As in the arrangement of FIG. 
1, TCP/IP operates at OSI Layers 3 and 4 end-to-end 30 

throughout the entire Network and access arrangement, with 
TCP/IP software running on the TD 14. At the MAC layer, 
communications within and between the Network 10, router 
40, switch 38, and master modem 34 comprise Ethernet 
frames as described above. Similarly, communications 35 

between the slave modem 32 and the Ethernet interface 30 

serves for conventional telephone connections between a 
subscriber telephone 51 and a telephone CO or RT 50 
connected to the PSTN. 1o this end, a passive diplexer 52 is 
provided at each end of the two-wire line 12, the two 
dlplexers 52 conveniently having the same form and being 
for example as described below with reference to FIG. 5. 
Thus at a head end of the line 12 the CO or RT 50 and the 
master modem 34 are connected via a diplexer 52 to the line 
12, and at a subscriber cod of the line 12 the subscriber 
telephone 51 a.od the slave modem 32 are connected to the 

comprise Ethernet frames as described above, and the TD 14 
operates in exactly the same known manner as it would if the 
interface 30 were connected directly to a LAN. 

Communications between the master modem 34 and the 
slave modem 32 are carried out in accordance with a new 
point-to-point protocol which uses collision avoidance to 
communicate Ethernet frames between the modems. This 
protocol is described below and for convenience is referred 
to herein as ECAP (Ethernet frame Collision Avoidance 
Protocol). It is observed that this protocol operates only 
between the modems 32 and 34, and hence need not be 
known to, and does not change the operation of, the TD 14 
or the rest of the Network 10. The protocol and modems 
simply serve to replace a direct (short-distance) connection 
between the interface 30 and the twisted pair wiring 36 by 
a remote connection via the (much greater distance) two
wire line 12. Thus although as described here the line 12 is 
a telephone subscriber line, it can be appreciated that the 
same arrangement of master and slave modems operating in 
accordance with this new protocol can be used to commu
nicate Ethernet frames via any twisted pair wiring which is 
too long to permit conventional lOBASE-T or simil ar LAN 
interconnections. 

FIG. 3 also illustrates a management device 42, for 
example a computer, coupled to the Ethernet switch 38 for 
providing operations, administrat ion, management, test, and 
other functions relating to the communications in known 
manner. In order to provide communications via multiple 
lines 12 to multiple subscribers, preferably the master 
modem 34 contai ns multiplexing functions as described 
below with reference to FIG. 7, and other master modems, 

line 12 via a diplexer 52. As also shown in FIG. 4, the master 
modem 34 can be mu ltiplexed for other telephone subscriber 
lines 12' to which it is similarly connected via respective 

40 diplexers 52'. It can be appreciated that diplexers can be 
similarly provided in the arrangement of FIG. 3 to permit 
simultaneous telephone and Network communications. 

FIG. 5 illustrates a simple form of the diplexer 52, which 
comprises a d.c. and low pass fi lter (LPF) 54 between a 

45 two-wire connection to the line 12 and a two-wire connec
tion to the telephone 51 or CO or RT 50, and a d.c. isolator 
and high pass fi ller (HPF) 56 between the two-wire connec
tion to the line 12 and a two-wire connection to the modem 
32 or 34. As illustrated in FIG. 5, the LPF 54 can comprise 

50 one or more balanced filter sections comprising series induc
tors (which pass the telephone loop current) and shunt 
capacitors, and the HPF 56 can comprise two series capaci
tors having a capacitance such that they do not represent a 
significant load to the line 12. More complicated forms of 

55 diplexer 52 can be provided as desired. 
The graph in FIG. 6 i llustrates the low frequency spec

trum 60 of analog telephony signals, and two high frequency 
spectra 62 and 64 lor Network communications. A desirable 
response 66 for the LPF 54 of the diplexer 52 separates the 

60 low frequency telephony signals on the two-wire line 12 
from the Network communications signals on the same line 
12. l t can be seen from this illustration that the telephony and 
Network communications signals occupy substantially dif
ferent frequency bands and hence are easily separated by the 

65 diplexers 52. 
In FIG. 6, the spectra 62 and 64 relate to two different 

signal bandwidths which can be used for the Network 
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to a control unit 102 of the slave modem, to the input of a 
FIFO buffer 104 for buffering upstream Ethernet frames 
supplied from tbe TD via the wiring 46 and the interface 
100, and to the output of a FIFO buJ:fer 106 for supplying 

communications. For example, the relatively wide band
width spectrum 62 can correspond to a modulation method 
with a symbol or clock rate of 3 MHz, and the relatively 
narrower bandwidth spectrum 64 can correspond to a modu
lation method with a symbol or clock rate of 300kHz. Other 
signal bandwidths, not shown, can be similarly provided. 
The use of different bandwidths and modulation methods is 
described further below. 

FIG. 7 illustrates a form o( the master modem 34, includ
ing optional but desirable multiplexing for a plurality of 
two-wire lines. The master modem includes an Ethernet 
interface 70 of known form providing a lOBASE-T connec
tion to the twisted pair wiring 36 and providing (for example 
from a read-only memory within the interface 70) a Network 
address (or the master modem. The interface 70 is connected 
to a control unit 72 of the master modem, to the input of a 
FIFO (first in, first out) buJ:fer 74 for buJ:feriog downstream 
Ethernet frames supplied from the Network via the wiring 

5 downstream Ethernet frames via the interface 100 and the 
wiring 46 to the TD. An output of the buffer 104 is coupled 
via a modulator 108, a current generator 110, and an 
isolating transformer 112 to the two-wire line 12. Tbe 
transformer 112, which can also provide a balun function for 

10 the balanced line 12, is also coupled via a high pass filter 114 
and a demodulator 116 to an input of the buffer 106. The 
current generator no provides a high output impedance to 
avoid loading of tbe line 12, and the HPF 114 provides a 
matched termination of the line 12, so that these can both be 

15 connected to the line 12 without any switching. This enables 
loopback testing of the line 12 from the control unit 102. 
Control lines are provided between the control unit102 and 
the buffers 104 and 106, modulator 108, and demoduJator 

36 and the interface 70, and to the output of a f.IFO butfer 
76 for supplying upstream Ethernet frames via the interface 20 
70 and the wiring 36 to the Network. An output of the buffer 
74 is coupled via a modulator 78 and a downstream demul
tiplexer 80 (constituted by switches) to a respective one of 
the multiplexed two-wire lines 12 via a respective isolating 
transformer (TR) 82, the output of the modulator 78 pro- 25 
viding a matched termination for the line 12. An upstream 
multiplexer 84 (constituted by switches) has inputs also 
coupled to the lines 12 via the transformers 82, and has an 
output coupled via a high pass filter (HPF) 86 which 
provides a matched termination for the respective line U to 30 

which it is connected via the multiplexer 84. An output of the 
HPF 86 is connected to an input of a demodulator 88 having 
an output connected to an input of the bulfer 76. The 
transformers 82 can also provide a balun [unction between 
the balanced lines U and the demultiplexer 80 and multi- 35 

plexer 84. 
The demultiplexer 80 and multiplexer 84 are addressed by 

the control unit 72 via address lines 90 and 92 respectively 
to provide downstream frames to and to receive upstream 
frames from respective ones of the lines 12. The addresses 40 

on the lines 90 and 92 are generally different for efficient 
data flow in the downstream and upstream directions, but 
they can be the same for example for loopback testing of a 
slave modem 32. 1b provide different logical buffers for 
frames in the buJ:fers 74 and 76 associated with the respec- 45 

tive lines U, the buJ:fers 74 a.nd 76 are also addressed via the 
address lines 90 and 92 respectively. A store 94 is also 
addressed with the upstream multiplexer address on the Lines 
92 to provide to the demodulator 88 stored data, such as echo 
coefficients and signal amplitude level, relating to the 50 

respective line 12 to facilitate fast acquisition (recognition of 
the preamble of a frame) by the demodulator 88. A store 95 
is similarly addressed with the downstream demultiplexer 
address on the lines 90 to provide to tbe modulator 78 stored 
data to determine a signal transmission level and possibly 55 

frequency characteristics for the respective line 12. Infor
mation for the stores 94 and 95 is determined, and the stores 
are updated, by the control unit72 in k'llown ma.nner. Control 
lines 96 and 98 are provided between the control unit 72 and 
the modulator 78 and demodulator 88 respectively for 60 

communicating control information. 

116. 
It can be appreciated that, apart from the functions related 

to the multiplexing and switching for a plurality of lines U , 
and the operation of the modems as described below, the 
master modem 34 and the slave modem 32 are similar, and 
the arrangement of the s lave modem shown in FIG. 8 could 
also be used as a master modem for a single line 12. 

In eacb of the modems 32 and 34 the modulator, 
demodulator, and related functions are conveniently imple
mented in known manner using one or more DSPs (digital 
signal processors) with analog-digital conversion in known 
manner. DSPs can be conveniently controlled to provide an 
arbitrary number of different signal bandwidths for example 
as illustrated by the spectra 62 and 64 in FIG. 6. Conve
niently the DSPs provide a common lower frequency ]jmit 
of about 10 kHz for all of the signal bandwidths as s hown 
in FIG. 6, with the different bandwidths being determined by 
the symbol or clock rate as described above. The particular 
modulation method that is used is relatively arbitrary, but 
conveniently the DSPs in the modems are programmed to 
select any of a plurality of modulati.on methods, for example 
16QAM (quadrature amplitude modulation), QPSK 
(quadrature pbase sbift keying), and BPSK (binary phase 
s hift keying), providing different numbers of bits per sym
bol. These particular methods and numbers are given only 
by way of example, and other modulation methods, such as 
VSB (vestigial sideband), carrierless amplitude-phase, and 
DMT (discrete multi-tone) modulation, may be used instead, 
numerous different numbers of bits per symbol may be used, 
and the signal bandwidths may be arbitrarily defined (e.g. 
with different low-frequency cutoffs) as desired. 

Tbe master and slave modems communicate Ethernet 
frames downstream (from tbe master modem 34 to tbe slave 
modem 32) and upstream (from the slave modem 32 to the 
master modem 34) in a manner described in detail below. 
Briefly, tbis communication involves half-duplex transmis
sion using a collision avoidance protocol (ECAP) in which 
the master modem 34 bas priority and control over the slave 
modem 32. 111us the master modem 34 determines when to 
send information downstream via the line 12, and informs 
the slave modem when it is permitted to send information 
upstream via the line U. To facilitate these communications, 
the ·information sent via the line 12 comprises not only the 
data packets of Ethernet frames for Network communica
tions but also control packets downstream and response 
packets upstream between the master and slave modems. 

FIG. 8 illustrates a complementary form of a slave modem 
32. The slave modem includes an Ethernet interface 100 of 
known form providing a lOBASE-T connection to the 
twisted pair wiring 46 and providing (for example from a 
read-only memory within the interface 100) a Network 
address for the s lave modem. The interface 100 is connected 

65 These packets are incorporated into ECAP frames examples 
of which are described below wiU1 reference to FIGS. 9 to 
11. The control units 72 and 102 in the master and slave 
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modems perform the necessary conversions between the 
Ethernet frames and ECAP data frames, and generate and 
respond to the ECAP control and response frames. 

12 
contains a response field instead of the control field and the 
destination and source addresses are exchanged because the 
response frame is communicated from the slave modem 32 
to the master modem 34. 

Other ECAP frame formats can alternatively be provided 
to suit particular situations; for example for convenience or 
simplicity the control and response frames can have a fixed 
size and can be the same size as a data frame containing a 
minimum-size data packet. In addition, although as 

FIG. 9 illustrates an ECAP data frame which comprises 
overhead information 0 /H, followed by an Ethernet frame in 5 

exactly the same form as described above with reference to 
FIG. 2 , followed by a check sequence CHK. The 0/H field 
for example consists of a few bytes comprising a preamble 
and start-of-frame (SOF) indication of a suitable form for 
the modulation method in use by the master and slave 
modems, possibly followed by other information such as an 
ECAP frame sequence number for frame identification in 
known manner (e.g. for identifying frames for acknowledge
ment or retransmission). The check sequence CHK conve
niently comprises a CRC sequence which can be produced 

10 described here by way of example the control (rames are 
separate from the data frames, control information can 
instead be incorporated into the ECAP data frames, desir
ably keeping the enveloped Ethernet frame contents intact, 
for example as an additional part of the overhead field 0/H 

15 or between the CRC fields FCS and CHK. 
in exactly the same manner as the FCS field of the Ethernet 
frame, the CRC operating on all of tl1e information in the 
ECAP frame following the SOF indication up to and includ
ing the FCS at the end of the Ethernet frame. ·n1us as shown 
in FIG. 9 the Ethernet fame is enveloped, intact and without 
any change, within the ECAP frame. 

Alternatively, as illustrated in FIG. 10, the preamble and 
SFD ftelds can be stripped from the Ethernet frame and only 
the remainder of the Ethernet frame (i.e. the data packet and 
FCS field) incorporated into the ECAP frame between the 
overhead field 0 /H and the check sequence CHK. In this 
case the preamble and SFD fields of tl1e Ethernet frame are 
stripped for example by the control unit of whichever of the 
master and slave modems 34 and 32 is sending the frame, 
and is reinserted by the control unit of the receiving one of 
the modems 34 and 32 for forwarding the Ethernet frame to 
the respective Ethernet interface. This reduces slightly the 
amount of information to be transmitted via the line 12. 
Further reductions are possible if for example the pad, used 
for increasing data packets of less than 46 bytes to the 
minimum data field size of an Ethernet frame, can also be 
identified, stripped prior to sending the remainder of the 
frame between the modems 34 and 32, and re inserted at the 
receiving modem. However, it may be more desirable for the 
modems 34 and 32 always to communicate the entire data 
packet and FCS field of each Ethernet frame intact, to avoid 
risk of corrupting the Ethernet frame contents. 

Thus whereas trans mission of undersized frames is not 
possible in a CSMNCD arrangement because of the nature 

The following description of an example of the collision 
avoidance protocol, with reference to FIGS. 12 to 14, 
assumes for simplicity and clarity that the master modem 34 
typically sends a single data frame followed by a contro l 

20 (rame downstream, and then waits for a response from the 
slave modem 32, and that the slave modem waits for these 
downstream frames and then typically sends a response 
frame fo llowed by a single data frame upstream. It also 
assumes for simplicity that there is only one s lave modem 32 

25 connected to tbe line 12. Various modifications and exten
sions of this protocol, for example to accommodate multiple 
slave modems 32 connected to the same line U , can be 
contemplated and some variations are described later below. 

FIG. 12 illustrates a downstream transmiuing Row chart 
30 for the master modem 34, and FIG. 13 illustrates an 

upstream receiving flow chart for the master modem 34, the 
master modem 34 being assumed here simply to alternate 
between the transmitting and receiving states for communi
cations with a single slave modem 32. As already described, 

35 the master modem 34 can provide multiplexed operations 
for a plurality of slave modems, so that in practice the 
transmitting and receiving processes can take place simul
taneously and independently in a multiplexed manner for a 
plurality of slave modems. FIG. 14 illustrates a downstream 

40 receiving and upstream transmitting ftow chart for the slave 
modem 32. Tbe operations in the modems in each case take 
place under the control of the respective control unit 72 or 
102, and tbe master and slave modems differ in the manner 
in which these units operate as described below. 

Referring to FIG. 12, in the transmitting sequence of the 
master modem 34 its control unit 72 initially determines in 
a decision 120 whether the downstream buffer 74 (for the 
respective line 12 and slave modem 32) is empty. If not, i.e. 
if there is at least one Ethernet frame to be sent from the 

of the contention scheme (they are generally interpreted as 45 

collisions), in this ECAP scheme collisions are avoided by 
the protocol between the master and slave modems so that 
short frames are not only permitted but can be desirable 
because they reduce the amount of information that must be 
communicated via the line 12. 50 buffer 74, then at a block 121 the next frame to be sent 

downstream from the buffer 74 is transmitted in an ECAP 
data frame as described above. At a block 122 the contro l 
unit 72 then sends a control frame as described above, and 

To this end, FIG. 11 illustrates an ECAP control frame 
comprising a control packet to be communicated from the 
master modem 34 to the slave modem 32. The control frame 
comprises an initial overhead field 0/H as described above, 
followed by a control packet described below, and the check 55 

field CliK providing a CRC sequence for all o( the infor
mation in the ECAP frame following the SOF indication up 

sets a timer for a response from the slave unit. ln the event 
that the buffer 74 is empty as determined in the decision 120, 
then in a decision 123 the control unit 72 determines whether 
or not to send a control frame, if so proceeds to the block 122 
to send a control frame, a"nd if not returns to the start of the 
transmitting sequence. The decision 123 whether or not to 
send a control frame may depend upon various parameters 
which are monitored by the control unit 72, such as the fill 
state of the upstream receiving buffer 76, the state of the 
slave modem and the fill state of its upstream transmitting 
buffer 104, and the time since the previous control frame 

to the end of the control packet. The control packet com
prises destination and source address fields, a length/type 
field LIT, and a control field which is generally much shorter 60 

than the minimum 46 byte data field of an Ethernet frame 
and whose length is given by the contenLs of the field l/f . 
For such a control packet the destination and source 
addresses are tbe Network addresses of the slave modem 32 
and the master modem 34, respectively. 65 was scot to the slave modem. The contents of the control 

frame can comprise, for example, a request (poll) for the 
s lave modem to transmit a frame of data upstream, a request 

Conversely, an ECAP response frame can bave the same 
form as the control frame shown in FIG. 1, except that it 
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for retransmission by the slave modem of a previous frame 
that has not been received correctly as determined by its 
check field CHK, control information such as operating 
parameters for the slave modem, and/or a request for status 
information, such as the fills of the buffers 104 and 106, 5 
from the slave modem. 

accordance with its expectations based on the status of the 
communications, whether this is a response frame (i.e. the 
destination address is the address of the master modem) as 
expected first from the slave modem, or a data frame for 
which a poll or retransmission request bas been sent to the 
slave modem as described above, or whether the frame does 

Referring now to FIG. 14, at a block 140 the control unit 
102 of the slave modem 32 initially waits for a frame to be 
received from the master modem 34. This waiting, and the 
subsequent operation of the slave modem in response to a 

10 
received frame and operation of the master modern, ensures 
that collisions on the line 12 are avoided by giving control 

not have the expected form (e.g. it is a data frame when a 
response frame is expected). In the latter case the commu
nications status is updated in the block 133, and the control 
unit 72 proceeds in a manner dependent upon the updated 
status. For example, from the block 133 the control unit 
returns from the upstream receiving sequence of FIG. 13 to 
the downstream transmitting sequence of FIG. 12, and can 
send a control frame requesting retransmission of an 
upstream frame for which there has been a timeout from tbe 
block 130, a CRC error as determined in the decision 131, 

of the ECAP frames on the line l2 entirely to the master 
modem 34. In response to receipt of a downstream frame 
from the master modem 34, the control unit 102 of the slave 
modem determines in a decision 141 from the field CHK 15 

whether the frame has been received properly and, if not, at 
or an unexpected frame as determined in the decision 132. a block 142 sets a status flag to request retransmission of the 

frame and returns to the wait block 140. If the frame has 
been properly received the control unit 102 proceeds to a 
decision 143. 

In the decision 143 the control unit 102 determines 
whether or not the destination address in the received frame 
is the address of the slave modem, and hence whether the 
frame is a control frame or a data frame. If the frame is 
determined to be a data frame, then in a block 144 the 
control unit 102 sets a status flag for acknowledgement of 
the frame, and in a block 145 the data frame is stored in the 
buller 106 and a return is made to the wait block 140. 

If in the decision 143 the frame is determined to be a 
control frame, then in a block 146 the control unit 102 
generates and sends a response frame upstream to the master 
modem. The contents of the response frame depend on the 
nature of the received control frame and the status of the 
slave modem, but for example can include status 
information, an acknowledgement of the received data 
frame (based on the acknowledgement status flag), a request 
for retransmission of an incorrectly received frame (based 
on the retransmission status flag), and buffer fills of the 
buffers 104 and 106. In a decision 147, the control unit 102 
thea determines whether a data frame is to be sent upstream, 
i.e. whether the received downstream control frame included 
a retransmission request or a poll for an upstream data frame 
and such a data frame is available in the upstream tra.nsmis
sion buffer 104. If so, at a block 148 the control unit 102 
sends the requested data frame from this buffer 104 upstream 
to the master modem. After the block 148, or if no upstream 
frame is to be sent as determined in the decision 147, a return 
is made to the wait block 140. 

Referring now to FIG. 13, after the downstream trans
mitting sequence described above with reference to FIG. 12 
the control unit 72 in the master modem 34 waits, as shown 
by a block 130, for an upstream frame to be received or for 
the timer (set at block 122) to time out. If an upstream frame 
is received, then in a decision 131 the control unit 72 
determines from the field CHK whether the frame has been 
received properly and, if so, proceeds to a decision 132. In 
the event that the timer limes out in the block 130 or the 
frame is incorrectly received as determined in the decision 
131, thea in a block 133 the control unit 72 updates a record 
of the communications status of the master modem with the 
slave modem. This status record contains various parameters 
of the communications such as those already discussed, for 
example the status of acknowledgements and retransmission 
requests, buffer fills, and operating parameters of tbe 
modems. 

In the decision 132 tl1e control unit determines, from the 
destination address of the received upstream frame and in 

On receipt of an expected response frame, in a block 134 
the communications status is updated accordingly, and in 

20 dependence upon a decision 135 either a return is made to 
the block 130 for a data frame expected following the 
response frame (a data frame is expected if it has been 
requested from the slave modem and the response frame bas 
not indicated that the upstream transmitting bulfer 104 is 

25 empty; the timer for the block 130 can be reset as desired) 
or the receiving sequence ends if no subsequent data frame 
is expected. On receipt of an e>:pected data frame as deter
mined in I be decision 132, in a block 136 the control unit 72 
sets a status Bag for acknowledgement of the frame, and in 

30 a subsequent block 137 the received data frame is stored in 
the upstream receiving buffer 76 aod the receiving sequence 
ends. As already described above, at the end of the upstream 
receiving sequence the control unit 72 of the master modem 
34 returns to the start of the downstream transmitting 

35 sequence already described. 
Tbe collision avoidance protocol as described above 

provides for an approximate one-to-one ratio of downstream 
and upstream Ethernet frames, and gives priority to the 
master modem and the transmission of downstream frames. 

40 This is desirable because the modem arrangement has no 
control over the supply from the Network of Ethernet frames 
incoming to the buffer 74, and it is desirable to avoid 
overtlow of this buffer which would result in a loss of data 
frames. Such a data frame loss can be accommodated by the 

45 TCP/IP operating at Layers 3 and 4 of the OSI model, but 
this is preferably avoided. 

The same principles apply for upstream Ethernet frames 
incoming to the buffer 104 from the TO 14, but in this case 
overflow of the buffer 104 can be prevented by the Ethernet 

50 interface 100 of the slave modem 32, under the control of the 
control unit 102 in the event that the buffer 104 is about to 
overflow, jamming the lOBASE-T connection on the wiring 
46 by transmitting a dummy signal to it. As discussed in the 
introduction, jamming is a well-known process for ensuring 

55 that a collision detected at one device on a CSMNCD LAN 
is also detected by all other devices on the LAN, but in this 
case the jamming is triggered different ly, by the potential 
overtlow of the buffer 104. The jam or artiftcially created 
collision on the wiring 46 is detected by the TD 14 coo-

60 oected to this wiring, and the TD backs off for subsequent 
retransmission of tbe Ethernet frame in known manner. In 
this manner, a loss of upstream data frames due to overflow 
of the buffer 104 is avoided. 1be same situation can take 
place in the event that the wiring 46 is connected to the 

65 bridge 48 on a subscriber LAN as described with reference 
to FIG. 3, but in this case either the bridge 48 must be a 
learning bridge to avoid passing to the slave modem 32 via 
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the wmng 46 subscriber LAN frames not intended for 
upstream transmission, or such a learning function must be 
incorporated into the slave modem itself, otherwise jamming 

16 
total transmis.sion capacity and greater error rates, resulting 
in frames having to be retransmitted. 

As also described above, the control unit 72 in the master 
modem 34 determines from the check field CHK of each of all frames on the subscriber LAN will occur when the 

buffer 104 is about to overflow. 
To reduce the possibility of buffer overflow, especially of 

the buffer 74, the collision avoidance protocol described 
above can provide dynamic variation of the ratio of the 
numbers of downstream and upstream frames, for example 

5 received upstream frame whether the frame has been 
received correctly, and can monitor a proportion of correct 
upstream frames received. The control unit 72 can sintilarly 
monitor a proportion of correct downstream frames received 

in dependence upon the fills of the buffers. The buffer fills 10 

are monitored as described above by the control unit 72, 
either directly in the case of the master modem 34 or via 
status information in response frames from the slave modem 
32. If the fill of the buffer 74 is increasing, then the master 
modem can simply send a plu.rality of data frames down- 15 

stream instead of each single data frame as described above 
with reference to FIG. U , before sending the control frame 
to poll the slave modem for an upstream data frame, thereby 
increasing the downstream to upstream data frame ratio. 
Conversely, if the buffer 74 is relatively empty and the buffer 20 

104 is relatively full, the master modem can provide 
repeated polls for single upstream data frames without 
sending downstream data frames using the protocol exactly 
as described above, or more desirably the ECAP control 
frame poll can be arranged to indicate to the slave modem 25 

a number of data frames that it is requested to transmit 
upstream in response to particular polls, with the slave 
modem responding accordingly. 

It can be appreciated from the description above that the 
collision avoidance protocol ensures that the modems 34 and 30 

32 operate in a half-duplex manner for communications 
between them via the line 12, with the total transmission 
capacity of the line being shared, preferably dynamically 
dependent upon butTer fllls as described above, between the 
downstream and upstream directions of transmission. The 35 

protocol can be refined, from its basic form as described 
above, in various ways to maximize the efficiency with 
which the total transmission capacity is used. For example, 
such refinements can include provisions (or sending multiple 
data frames successively in either direction as described 40 

above, concatenating or merging control and/or data frames 
sent in the same direction, and advancing the timing of 
downstream frame transmission from the master modem in 
view of the loop delay on the line 12 (which can be measured 
in known manner by the master modem) and the knowledge 45 

in the master modem control unit 72 of what upstream 
fra mes are expected from the s lave modem. 

This total transmission capacity on the line 12 can also be 
varied dynamically by the master modem 34 in dependence 
upon monitored operating conditions, as explained further 50 

below. 

by the slave modem 32 from information similarly available 
in the contro l unit 102 of the slave modem and communi
cated to the control uni t 72 via the response frames. From 
such ongoing monitoring, the control unit 72 can determine 
dynamically whether the clock rate in current use for the 
DSPs is appropriate or should desi rably be increased to 
increase the total transmission capacity on the line 12 or 
decreased to decrease the proportion of frames received in 
error. Tbis can be determined eitl1er independently or in 
common for the upstream and downstream directions of 
transmission. 

For example, if the control uoit determines that a high 
proportion, more than an upper threshold value of for 
example 95 to 99%, of frames are received correctly, tl1en it 
can decide to increase the OSP clock rate and hence the total 
transmission capacity. To this end it generates a control 
(rame which is sent from the master modem to the s lave 
modem instructing the slave modem to adopt a new, bigher, 
clock rate for future frames, the slave modem responds 
accordingly, and the master modem switches its own clock 
rate. Conversely, if the control unit determines that a low 
proportion, less than a lower threshold value of for example 
50 to 75%, of frames are received correctly, then it can 
decide to decrease the DSP clock rate to reduce errors. To 
this end it generates a control frame which is sent fTom the 
master modem to the slave modem instructing the slave 
modem to adopt a new, lower, clock rate for future frames, 
the slave modem responds accordingly, and the master 
modem switches its own clock rate. It can be appreciated 
that the threshold levels can be determined to provide a 
desired hysteresis for changing the clock rate, and that they 
may be adaptively adjusted by the control unit 72 in depen
dence upon the results of previous changes in clock rate. 

The total transmission capacity is determined not only by 
the symbol transmission rate on the line 12 but also by the 
number of bits per symbol, and bence by the modulation 
method that is used. As described above, the modem DSPs 
can provide any of a plurality of modulation methods, such 
as 16QAM, QPSK, and BPSK providing respectively 4 bits, 
2 bits, and 1 bit per transmitted symbol. In a similar manner 
to tbat described above for dynamically varying the symbol 
transmission rate, the control unit 72 can also or instead 
dynamically vary the modulation method. A determination 
as to whether to change the symbol transmission rate and/or 
the modulation method can be made by the control unit 72 
in dependence upon various parameters such as the current 

As described above, the modulation and demodulation 
functions in the master and slave modems are desirably 
implemented using DSPs. A clock rate of the DSPs can be 
changed to vary the signal bandwidth as shown by the two 
different spectra 62 and 64 in FIG. 6. A high clock rate 
provides a corresponding large bandwidth, for example as 
shown by the spectrum 62 in FIG. 6, providing a high 
symbol transmission rate on the line U between the modems 

55 symbol transmission rate and modulation method, a history 
of these operating parameters, the error rate, and monitored 
characteristics of the line 12 such as delay, signal levels, and 
echo parameters. 

to any event, the dynamic variations discussed above 
60 enable the control unit 72 in the master modem 34 to 34 and 32. However, tbis involves greater susceptibility to 

noise (a la.rge noise bandwidth) and greater signal attenua
tion (which is dependent on frequency). Conversely, a lower 
clock rate provides a smaller bandwidth, for example as 
shown by the spectrum 64 in FIG. 6, providing a lower 
symbol transmission rate on the line 12 with less suscepti- 65 

bility to noise and less signal attenuation. Considered 
generally, higher symbol rates on the line 12 produce greater 

determine and use, at any particular time for any particular 
line 12 to which it is connected, a clock rate and modulation 
method to provide an optimal total transmission capacity on 
that line. It can be appreciated that this optimal capacity may 
well include a certain proportion of frames that are in error 
and must be retransmitted, and that this is accommodated by 
the collision avoidance protocol as already described above. 
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addressed to this address to this TD. In known manner, the 
device 42 either recognizes the source address of the TD 14 
and provides a welcome message, or does not recognize it 
and initiates a registration process, and communications 

The total transmiSSIOn capacity can vary over an 
extremely wide range. For example, for a short line U and 
under good conditions, the modulation method may be 
16QAM and the clock rate 3 MHz to provide a total 
transmission capacity of the order of the lOBASE-T bit rate 
of 10 Mb/s. Conversely, for a long line 12 (it is observed 
here that the line U must be unloaded to permit communi
cation of signals at frequencies above the voice-band) and in 
poor conditions (e.g. in the presence of noise and crosstalk) 

5 continue in known manner except that they take place via the 
modems 34 and 32 and line 12 instead of via a direct 

the modulation method may be BPSK and the clock rate may 10 

be reduced to for example 30kHz, thereby providing a total 
transmission capacity of about 25 kb/s (at for example 0.85 
bits per Hertz to allow for excess bandwidth of the modem 
fillers) . However, it is noted that even this total transmission 
capacity is commensu.rate with the maximum bit rates of 15 

dial-up modems currently used to provide Network connec
tions via conventional two-wire telephone lines. In practice, 
the total transmission capacity provided will be between 
these extremes, and will generally be substantially more 
than can be provided by currently used dial-up modems or 20 
on ISDN telephone lines. 

It is also noted that the master modem 34 can be arranged 
to fall back to known modem communications methods in 
the event that it does not receive any ECAP response frames 
from a slave modem, so that the same master modem can 25 
operate alternatively with slave moderns as described above 
or with conventional modems. 

In use of the network access arrangement and protocol as 
described above, the master and slave modems and the line 
U simply serve to communicate Ethernet frames in both 30 

directions transparently between the wiring 36 and 46. 
Accordingly, the subscriber is provided with a Network 
connection without any dialling process, and hence without 
involving a telephone connection via the PSTN, in the same 
way (as seen by the Network and by the subscriber) as if the 35 

wiring 36 and 46 were directly interconnected. As described 
above, this Network connection is established in a manner 
that is dynamically variable to provide an optimum total 
transmission capacity, which can be shared in a dynamically 
variable and optimized ratio of upstream to downstream data 40 

frames, for any prevailing conditions such as the character
istics of the line 12 and noise and crosstalk levels. For short 
Lines 12, the total transmission capacity is comparable with 

connection as is known. 
ln the embodiments described in detail above and as 

illustrated in FIG. 3 the slave modem 32 is separate from the 
Ethernet interface 30 connected to the T.D 14 and includes 
its own Ethernet interface and Network address. While this 
is convenient in the case that the slave modem is connected 
to a subscriber LAN via the wiring 46, it can be superfluous 
or undesirable in the event that the s lave modem 32 is 
connected to only a single TD 14, especially i( the s lave 
modem 32 and Ethernet interface 30 are merged together 
into a combined unit that may be incorporated into the TD 
14 as would be desirable for example for an entertainment 
device. Even in the case of a subscriber LAN, the bridge 48 
can be considered as a terminal device in which the s lave 
modem 32 could be incorporated. 

It can be seen, therefore, that the manner in which the 
slave modem 32 is ultimately connected to the TD 14 is 
relatively arbitrary as far as this invention is concerned, it 
only being necessary that the information be converted or 
translated between the Ethernet frames to and from the 
buffers 104 and 106 of the slave modem and whatever form 
is required for the connection to the TD 14 (for example, a 
PCM/CIA interface of known form), and that a Network 
address identify the ID, translator, and/or slave modem. 
Desirably, the slave modem 32 and the Ethernet interface 30 
are merged into a combined unit, which can have a form for 
example as illustrated in FIG. 15. 

Referring to FlG. l5, the combined unit has a s imilar form 
and operation to the slave modem 32 as described above 
with reference to FIG. 8, and the same reference numerals 
are used io denote similar parts, except that the Ethernet 
interface 100 and wiring 46 of lbe slave modem of FIG. 8, 
as well as the Ethernet interface 30 of FIG. 3, are replaced 
by a data translator 150. The translator 150 has an interface 
152 to the control unit 102 and buffers 104 and 106, and an 
interface 154 to the TD 14, which are arranged and operate 
in the same manner as the corresponding parts of the known 
Ethernet interfaces 100 and 30 discussed above. Between the bit rate of lOBASE-T LANS, so that there is no inherent 

deterioration of performance for communication of Ethernet 
frames. In addition, it is observed that because the frames on 
the line 12 are communicated in burst mode, there is 
statistically less energy on the line tha.n would be tbe case for 
continuous data transmission on the same line, so that 
crosstalk with other lines in the same cable is reduced. 
Furthermore, the same line U can simultaneously carry 
conventional telephone signals, so that provision of the 
network access arrangement to a telephone subscriber does 
not necessitate the provision of an additional or separate 
telephone line. 

45 these interfaces 152 and 154, the unit 150 includes a 
minimized subset of the known circuits and fu actions of the 
Ethernet interfaces 100 and 30 necessary to translate data 
between the TD interface 154 and the Ethernet fra me buffers 
104 and 106, and to provide a single Network address. Th.is 

50 avoids the disadvantage of needing two Network addresses 
for the slave modem 32 and the Ethernet interface 30 
respectively as in the embodiments of the invention 
described above, but makes it necessary to distinguish 
between ECAP control frames for the control unit 102 and 

55 ECAP data frames enveloping Ethernet frames containing 
data for the TD 14. Thus the use of the network access arrangement from a 

TD 14 is substantially the same as if the TD 14 were 
connected directly via an Ethernet interface to the Ethernet 
switch 38. The TD 14 runs conventional software which, for 
initial access to the Network, in known manner sends 60 

information packets in Ethernet frames upstream, these 
packets containing for example the Network address of the 
management device 42 as the destination address and the 
Network address of the TD 14 as the source address. The 
packets are routed via the Ethernet switch 38 in known 65 

manner to the device 42, and the switch 38 s tores the address 
of the TO 14 for subsequent direction of Ethernet fra mes 

Where the control frames and data frames are separate 
ECAP frames, this distinction can convenienlly be provided 
by using the LIT field of the Ethernet frame. For an ECAP 
control frame, the LIT field can contain a pre-assigned (and 
otherwise unused) type having a value greater than the 
maximum value of 1500 for an Ethernet fa me, which is 
recognized by the control unit 102 so that the control frame 
is not forwarded to the translator 150. Alternatively, or in 
addition, as described above ECAP control information can 
be appended to Ethernet frames, for example in the overhead 
field 0/H or between the FCS field of the enveloped Ethernet 
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frame and the check field CHK of the ECAP frame. In either 
case the control information can be of a fixed size or it can 
include its own length field to indicate its size. The U f field 

20 
4. A method as claimed in claim 1, wherein information 

corresponding to one of the information packets communi
cated between the modems via the bidirectional communi-

of the enveloped Ethernet frame is oot changed, to avoid any 
ris k of corrupting the Ethernet frame. 

Although particular embodiments of the invention aod 
various modifications have been described in detail, it 
shollld be appreciated that numerous other modifications, 
variations, and adaptations may be made without departing 
from the scope of the invention as defined in the claims. 

cations path comprises at least address, length, and data 
5 fields of a corresponding Ethernet frame communicated via 

the CSMNCD path. 

What is claimed is: 

5 . A method as claimed in claim 1, and further comprising 
the step of multiplexing signals of the first modem for 
communicating information corresponding to at least one of 

10 the information packets between the first modem and a 
plurali ty o( second modems. 1. A method of commllnicating information packets to and 

from a CSMA/CD (Carrier Sense multiple Access with 
Collision Detection) path via communication of information 
corresponding to the information packets over a bidirec
tional commun.ications path, the method comprising the 15 

steps of: 

6. A method as claimed in claim 1, wherein the bidirec
tional communications path comprises a two-wire line. 

7 . A method as claimed in claim 1, and further comprising 
the steps oC: 

monitoring errors in communicating the information cor
responding to the information packets between the first 
and second modems via the bidirectional communica
tions pat h, 

and determining operations of the first and second 
modems in dependence upon monitored errors. 

coupling a first end of the bidirectional communications 
path to the CSMNCD path via a first modem having a 
CSMNCD interface coupled to the CSMNCD path, 
wherein the first modem is COllpled to the first end of 20 
the bidirectional communications path via a first end 
interface; 8 . A method as claimed in claim 7, wherein the step of 

determining operations of the modems in dependence upon 
monitored errors comprises varying a signal bandwidth of 

25 the modems for communicating the information correspond
ing to the information packets via the bidirectional commll
nications path. 

communicating the information packets between the 
CSMNCD path and the first modem via a CSMA/CD 
interface; 

coupling a second end of the bidirectional communica
tions path to a second modem, wherein the second 
modem is coupled to the second end of the bidirectional 
communications path via a second end interface; 

communicating information corresponding to the infor- 30 
mation packets between the first and second modems 
via the bidirectional communications path using half 
duplex communications controlled by the first modem, 
wherein each of the information packets comprises a 
MAC-layer packet grouping of data that is grouped to 35 
fit into one MAC-layer packet of CSMNCD networks, 
and wherein the half duplex communications are half
duplex with respect to MAC-layer packet groupings of 
data; 

9. A method as claimed in claim 7, wberein the step of 
determining operations of the modems in dependence upon 
monitored errors comprises varying a modulation method of 
the modems for communicating the information correspond
ing to tbe information packets via the bidirectional commu
nications path. 

10. A method as claimed in claim 1, wherein the second 
modem has a CSMNCD interface, the method further 
comprising the step of communicating the information pack
ets between the second modem and a second CSMNCD 
path via the CSMNCD interface of the second modem. 

communicating control information for controlling the 
half duplex communications via the bidirectional com
munications path from the first modem to the second 
modem; and 

changing direction of Bow on the bidirectional commu
nications path for the information corresponding to the 
information packets, the direction of flow changing 
ba<;ed at least upon completion of commllnication asso
ciated with conveying information corresponding to at 
least one MAC-layer packet grouping of data across at 
least one of the first end interface and the second end 50 

11. A method of communicating information packets to 
40 and from a CSMA/CD (Carrier Sense Multiple Access with 

Collision Detection) path via communication of information 
corresponding to the information packets over a bidirec
tional communications path, the information packets com
prising upstream information packets and downstream infor-

45 mation packets, the method comprising the steps of: 

interface. 
2. A method as claimed in claim 1, wherein the step of 

commllnicating the information packets using balf duplex 
communications further comprises the step of enveloping 
information corresponding to at least one of the information 55 

packets in at least one information frame, the at least one 
information frame further comprising at least one error 
check fields for error cbecking of at least the enveloped 
information corresponding to at least one of the information 
packets. 60 

3. A method as claimed in claim 2, and furt her comprising 
the step of communicating further frames between the first 
and second modems via the bidirectional communications 
path, each further frame comprising information relating to 
operation of the modems and an error check field for error 65 

checking of at least the information relating to operations of 
the modems. 

coupling a fi rst eod of the bidirectional communications 
path to a first modem, wberein the first modem is 
coupled to the first end of the bidirectional communi
cations path via a first eod interface; 

communicating the information packets between the 
CSMNCD path and the first modem via a CSMNCD 
interface, wherein each of the information packets 
comprises a MAC-layer packet grouping of data that is 
grouped to fit into one MAC-layer packet of CSMA/ 
CD networks, and wherein the hal£ duplex communi
cations are half-duplex with respect to MAC-layer 
packet groupings of data; 

coupling a second end of the bidirectional communica
tions path to a second modem, wherein the second 
modem is coupled to the second end of the bidirectional 
communications path via a second end interface; 

communicating information corresponding to the down
stream information packets and control information, for 
controlling operation of tbe second modem, from the 
first modem to the second modem via the bidirectional 
communications path; 
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changing direction of flow for the infom1a1ion corre
sponding to the information packets, the direction of 
flow changing based at least upon completion of com
munication associated with conveying information cor
responding to at least one MAC-layer packet grouping s 
of data across at least one of the first end interface and 
the second end interface; and 

communicating information corresponding to the 
upstream information packets from the second modem 

22 
19. A method as claimed in claim 18, wherein tbe infor

mation corresponding to one of the upstream information 
packets colDIDunicated between the modems via the bidi
rectional communications path further comprises a preamble 
and a start frame delimiter of the corresponding Ethernet 
frame. 

20. A method as claimed in claim 11, and further com
prising the step of multiplexing signals of the first modem 
for communicating at least one of the information corre
sponding to the upstream information packets and the infor
mation corresponding to the downstream information pack
ets between the first modem and a plurality of second 
modems. 

to the first modem via the bidirectional communica- 10 

lions path under control of the control information, the 
control information providing half duplex communica
tions for at least the information corresponding to the 
information packets on the bidirectional communica
tions path. 

12. A method as claimed in claim 11, wherein the step of 
communicating the information corresponding to the 
upstream information packets further comprises the step of 
enveloping information corresponding to at least one of the 
upstream information packets in at least one upstream 20 
information frame, the at least one upstream information 
frame furtl1er comprising at least one error check field for 
error checking of at least the enveloped information corre
sponding to least one of the upstream information packets, 
and wherein the step of communicating the information 25 
corresponding to the downstream information packets fur
ther comprises the step of enveloping information corre
sponding to at least one of the downstream information 
packets in at least one downstream information frame, the at 
least one downstream information frame further comprising 30 

at least one error check field for error checking of at least the 
enveloped information corresponding to at least one of the 
downstream information packets. 

21. A method as claimed in claim 11, wherein the bidi-
15 rectional communications path comprises a two-wire line. 

22. A method as claimed in claim ll, and further com
prising the steps of: 

13. A method as cla.imed in claim 12, and further com
prising the step of including information relating to opera- 35 

tion of the modems in at least one of the at least one 
upstream information frame and the at least one downstream 
information frame. 

14. A method as claimed in claim 13, wherein the infor
mation relating to operation of the modems comprises the 40 

control information from the first modem to the second 
modem and response informat ion from the second modem to 
the first modem. 

15. A method as cla.imed in claim 12, and further com
prising the step of communicating further frames between 45 

the first and second modems via the bidirectional commu
nications path, each further frame comprising information 
relating to operation of the modems and an error check field 
for error checking of at least the information relating to 
operation of the modems. 

16. A method as claimed in claim 15, wherein the infor
mation relating to operat ion of the modems comprises the 
control information from the first modem to the second 
modem and response information from the second modem to 
the first modem. 

50 

55 
17. A method as claimed in claim U , wherein information 

corresponding to one of the upstream information packets 
communicated between the modems via the bidirectional 
communications path comprises at least address, length, and 
data fields of a corresponding Ethernet frame communicated 60 

via the CSMNCD path. 
18. A method as claimed in claim 17, wherein the infor

mation corresponding to one of the upstream information 
packets communicated between the modems via the bidi
rectional communications path further comprises a frame 65 

check sequence of the corresponding Ethernet frame com
municated via the CSMNCD path. 

monitoring errors in communicating at least one of the 
information corresponding to the upstream information 
packets and the information corresponding to the 
downstream information packets between the first and 
second modems via the bidirectional communications 
patb, and 

determining operations of the first and second modems in 
dependence upon monitored errors. 

23. A method as claimed in claim 22, wherein the step of 
determining operations of the modems in dependence upon 
monitored errors comprises varying a signal bandwidth o( 
the modems for communicating at least one of the informa
tion corresponding to the upstream information packets and 
the information corresponding to the downstream informa-
tion packets via the bidirectional communications path. 

24. A method as claimed in claim 22, wherein the step o( 
determining operations of the modems in dependence upon 
monitored errors comprises varying a modulation method of 
the modems for colDIDunicating at least one of the informa-
tion corresponding to the upstream information packets and 
the information corresponding to the downstream informa
tion packets via the bidirectional communications path. 

25. A method as claimed in claim 11, and further com
prising the step of communicating the information packets 
between the second modem and a second CSMNCD path 
via a second CSMNCD interface. 

26. A method of communicat·ing Ethernet frames on a 
CSMNCD (Carrier Sense Multiple Access with Collision 
Detection) path via communication of information corre
sponding to the Ethernet frames over a bidirectional com
munications path, the method comprising the steps of: 

coupling the information corresponding to the Ethernet 
frames between the CSMNCD path and a first modem 
via a CSMNCD interface, wherein the first modem is 
further coupled to the bidirectional communications 
path via a first end interface; and 

coupling the information corresponding to the Ethernet 
frames between the first modem and a second modem 
via the bidirectional communications path, wherein 
each of the Ethernet frames comprises a MAC-layer 
packet grouping of data that is grouped to fit into one 
MAC-layer packet of CSMNCD networks, wherein 
the second modem is coupled to the bidirectional 
communications path via a second end interface, 
wherein the first and second modems are master and 
slave modems respectively, and the master modem 
controls the slave modem by control information com
municated via the bidirectional communications path 
so that communications of at least the information 
corresponding to the Ethernet frames on the bidirec-
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the information corresponding to the information pack
ets via the bidirectional communications path take 
place in the half duplex manner. 

31. A method as claimed in claim 30, wherein the infor-

tiona] communications path take place in a half-duplex 
manner, wherein the half-duplex manner is half-duplex 
with respect to MAC-layer packet groupings of data, 
the half duplex manner of communications changing 
direction of flow for the information corresponding to 
the Ethernet frames, the direction of flow changing 
based at least upon completion of communication asso
ciated with conveying information corresponding to at 
least one MAC-layer packet grouping of data across at 
least one of the first end interface and the second end 
inter(ace. 

5 mation corresponding to the information packets and the 
control information are communicated via the bidirectional 
communications path as modulated signals, the method 
further comprising the steps of producing modulated signals 
for supply to, and demodulating signals received from, the 

10 bidirectional communications path. 

27. A method as claimed in claim 26, wherein the bidi
rectional communications path comprises a two-wire line. 

28. A method as claimed in claim 26, wherein tbe bidi
rectional communications path comprises a two-wire tete- 15 

phone subscriber line and the modems communicate signals 
via tl1e line at frequencies greater than telephone signal 
frequencies, the method further comprising the step of 
communicating telephone s ignals via the line. 

32. A method as claimed in claim 11, wherein information 
corresponding to one of the downstream information packets 
communicated between the modems via the bidirectional 
communications path comprises at least address, length, and 
data fields of a corresponding Ethernet frame communicated 
via the CSMNCD path. 

33. A method as claimed in claim 32, wherein the infor-
mation corresponding to one of the downstream information 
packets communicated between the modems via the bidi
rectional communications path further comprises a frame 
check sequence of the corresponding Ethernet frame com-
municated via the CSMNCD path. 

34. A method as claimed in claim 33, wherein the infor
mation corresponding to one of the downstream information 

29. A method as claimed in claim 26, and further com- 20 
prising the steps of monitoring errors in communicating the 
information corresponding to the Ethernet frames between 
the first and second modems, and determining operations of 
the fi rst and second modems in dependence upon monitored 
errors. 25 packets communicated between the modems via the bidi

rectional communications path further comprises a preamble 
and a start frame delimiter of the corresponding Ethernet 
frame. 

30. A method of communicating information correspond
ing to information packets in both directions between a 
CSMNCD (Carrier Sense Multiple Access with Collision 
Detection) path and a bidirectional communications path, 
the information packets being, the method comprising the 
steps of: 

35. A method of communicating information packets to 
30 and from a CSMNCD (Carrier Sense multiple Access with 

Collision Detection) path via communication of information 
corresponding to the information packets over a birlirec
tional communications path, the method comprising the 

coupling the information corresponding to the informa
tion packets from the CSMNCD path via a CSMNCD 
interface to a first buffer, wherein the first buffer is 
coupled to the bidirectional communications path via a 35 
first end interface; 

supplying the information corresponding to the informa
tion packets from the first buffer to the bidirectional 
communications path under control of a control unit, 
wherein each of the information packets comprises a 40 

MAC-layer packet grouping of data that is grouped to 
fit into one MAC-layer packet of CSMNCD networks; 

changing direction of l:low for the information corre
sponding to the information packets, the direction of 

45 
Oow changing based at least upon completion of com
munication associated with conveying information cor
responding to at least one MAC-layer packet grouping 
of data across at least one of the first end interface and 
the second end interface, the changing of the direction 

50 
of flow being a characteristic of communications in a 
half duplex manner, wherein the half duplex manner is 
half-duplex with respect to MAC-layer packet group
ings of data; 

receiving the information corresponding to the informa- 55 
tion packets from the first buffer to the bidirectional 
communications path in a second buffer, wherein the 
second buffer is coupled to the bidirectional commu
nications path via a second end interface; 

coupling the infom1ation corresponding to tl1e informa- 60 
lion packets from the second buffer to the CSMNCD 
path via the CSMNCD interface; and 

producing in the control unit and supplying to the bidi
rectional communications path, or receiving from the 
bidirectional communications path and supplying to the 65 

control unit, contro l information, the control informa
tion communicated to provide that communications of 

steps of: 

coupling a first end of the bidirectional communications 
path to the first CSMNCD path via a first modem 
coupled to the CSMNCD path, wherein the first 
modem is coupled to the first end of the bidirectional 
communications path via a first end interface; 

communicating the information packets between the 
CSMNCD path and the first modem via a CSMNCD 
interface; 

coupling a second end of the bidirectional communica
tions path to a second modem, wherein the second 
modem is coupled to the second end of the bidirectional 
communications path via a second end interface; 

communicating information corresponding to the infor
mation packets between the first and second modems 
via the bidirectional communications path using half 
duplex communications controlled by the first modem, 
wherein each of the information packets comprises a 
MAC-layer packet grouping of data that is grouped to 
fit into one MAC-layer packet of CSMNCD networks, 
and wherein the half duplex communications are MAC
layer half-duplex su.ch that once information corre-
sponding to a first MAC-layer packet grouping of data 
has begun to be transmitted into the bidirectional 
communications path Lhe information corresponcling to 
the first MAC-layer packet grouping of data is com
pletely transmitted into the bidirectional communica-
tions path before information corresponding to a sec
ond MAC-layer packet grouping of data is allowed to 
begin to be transmitted into the bidirectional commu
nications path; and 

communicating control information for controlling the 
MAC-layer half duplex communications via the bidi-
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rectional communications path from the first modem to 
the second modem. 

36. A method as claimed in claim 35, wherein the step of 
communicating the information packets using half duplex 
communications further comprises the step of enveloping 5 

information corresponding to at least one of the information 
packets in at least one information frame, the at least one 
information frame further comprising at least one error 
check fields for error checking of at least the enveloped 
information corresponding to at least one o( the information 10 

packets. 
37. A method as claimed in claim 35, wherein information 

corresponding to one of the information packets communi
cated between the modems via the biclireclional communi
cations path comprises at least address, length, and data 15 

fields of a corresponding Ethernet frame communicated via 
the CSMNCD path. 

38. A method as claimed in claim 35, and further com
prising the steps of: 

26 
receiving a first information packet from the CSMA/CD 

path at a first modem via a CSMNCD interface; 
transmitting information corresponding to the first infor

mation packet on the bidirectional communications 
path in a first direction; 

changing direction of communication of MAC layer 
groupings of information on the bidirectional commu
nications path to a second direction that is opposite of 
the first direction, the direction of communication 
changing after the completion of transmission of the 
information corresponding to the first information 
packet; 

receiving information corresponding to a second infor
mation packet from the bidirectional communications 
path at the first modem; and 

transmitting the second information packet on the CSMA/ 
CD path. 

41. The method of claim 40, wherein the first information 
packet is a first MAC layer grouping of information on the 

monitoring errors in communicating the information cor
responding to the information packets between the first 
and second modems via the bidirectional communica
tions path, 

20 CSMAJCD path and the second information packet is a 
second MAC layer grouping of information on the CSMA/ 
CD path, wherein the changing direction step further com
prises: 

and determining operations of the first and second 
modems in dependence upon monitored errors. 25 

39. A method as claimed in claim 35, wherein the second 
modem bas a CSMNCD interface, the method further 
comprising the step of communicating the information pack-
ets between the second modem and a second CSMNCD 
path via the CSMA/CD interface of the second modem. 30 

40. A method of communicating information packets to 
and from a CSMNCD (Carrier Sense multiple Access with 
Collision Detection) path via communication of information 
corresponding to the information packets over a bidirec
tional communications path, the method comprising the 35 

steps of: 

operating the CSMNCD interface to appear to MAC 
layer entities on the CSMA/CD path that MAC layer 
groupings of information are passed through the 
CSMNCD interface and over the communications path 
in a half duplex manner with respect to MAC layer 
groupings of information. 

42. The method of claim 41, wherein the step of operating 
the CSMNCD interface further comprises: 

avoiding collisions on the bidirectional communications 
path of information corresponding to MAC layer 
groupings of information. 

* * * * * 
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Introduction 
 
 
EtherLoop is a technology designed to provide high-speed data access 
to the home over POTS-standard twisted pair.  EtherLoop uses the basic 
concepts of DSL technologies, such as HDSL and ADSL, and applies 
well-known packet delivery system algorithms to provide a high-speed 
solution that overcomes many of the limitations of ADSL and HDSL, 
without sacrificing speed or data quality. Through the combination of 
advanced signal modulation, burst delivery technology and the Ethernet 
packet-data protocol, EtherLoop provides a solution that is simple to 
install, robust over distances up to 21,000 feet and efficient in power 
consumption. 
 
Jack Terry, a former AVP with Northern Telecom, started the EtherLoop 
project in May 1996.  His goal was to develop a technology that would 
allow telephone companies to compete with cable modems in the arena 
of high-speed local data access.  
 
The basic concepts underlying this technology are: 
• Utilization of existing physical plant and real-world expectations for 

noise and interference 
• Minimal interference with existing services 
• Relative low cost, with equivalent performance. 
 
Worldwide, there are 600 million twisted pair subscriber loops1 installed.  
These loops are used to carry voice traffic from the subscriber’s premise 
to telco central offices (CO), which deliver this voice traffic, and deliver it 
to another subscriber. 
 
Voice traffic utilizes only the “bottom” 4-kiloHertz of analog bandwidth 
available in the copper wire.  This is an extremely small portion of the 
actual bandwidth available. The amount of bandwidth varies with the 
quality of the loop and the gauge of the wire, but in general, most 
subscriber copper loops can reliably utilize about one megahertz of 
bandwidth. If it is made available, this unused bandwidth provides a 
substantial resource for the telephone companies. 
                                                   
1 “Loop” is the telephone industry term for a single twisted pair of copper 
suitable for voice service 

EtherLoop provides a 
high-speed access 
solution that is simple 
to install, robust up to 
distances of 21,000 feet 
and efficient in power 
consumption. 
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This document describes the EtherLoop technology from three 
perspectives: 

• The physical nature of the signaling, and how the devices 
communicate 

• The network architectures where EtherLoop will be used 
• A comparison of EtherLoop with the competitive high-speed 

technologies 
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Signaling and Communications 
 

 
EtherLoop was designed as a hybrid service – bringing the best features 
of the DSL (Digital Subscriber Line) services together with the best 
features of Ethernet.   DSL provides high data rates at extended reach 
over real-world physical plant. The Ethernet half-duplex communications 
model, and “burst” packet delivery provides capabilities that mitigate 
some of the serious side effects of high-speed DSL services. 
 
To understand EtherLoop better, it helps to understand the features of 
DSL and Ethernet. 
 
DSL 
Digital Subscriber Line (DSL) is a technology that utilizes the additional 
bandwidth within the analog voice-grade twisted pair copper wiring. The 
copper bandwidth is divided into frequency bands.  The lowest band 
(zero to ten kilohertz) is reserved for voice traffic.  Those frequencies are 
left alone, to continue to support traditional voice traffic, while the higher 
frequencies are “borrowed” to support data traffic. 
 
There are several DSL variants, each of which has distinct issues 
regarding installation and usability.  The most prominent DSL variant is 
ADSL (Asymmetric DSL).  ADSL supports theoretical speeds up to eight 
megabits per second continuously in one direction over short distances, 
and lower continuous rates at its maximum range of 18,000 feet (18 
kilofeet).  ADSL provides a much larger downstream signal than 
upstream, thus increasing efficiency and reducing interference. 
 
HDSL is a DSL variant that supplies a symmetric 1.544 megabit-per-
second pipe over 1 or 2 pairs of copper wire (depending on the 
technology).  The 1.544 megabit rate is identical to the standard 
telephone company T1 data rate standard, although HDSL is easier to 
deploy than T1 and runs for longer distances.  HDSL can be used for 
both data and voice applications although, because of the high-speed bi-
directional traffic, there are limitations on where and how HDSL can be 
deployed. 

 

EtherLoop brings the 
best features of the 
DSL services together 
with the best features of 
Ethernet. 
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There are problems with these high-speed DSL services.  Sending high-
speed data requires substantial signal levels and power.  The more 
signal delivered down the copper, the more it “leaks out” and interferes 
with the other copper lines in close proximity. This is also known as cross 
talk.  Copper wires are typically stored in a group of 25-50 tightly bundled 
pairs, and this bundling can cause considerable problems for other high-
speed data users and potentially other voice services.   Typically, for any 
one twisted pair in the bundle, there is one other pair that is closely 
associated with it in terms of cross talk susceptibility.  This is usually 
characterized in terms of decibels – any number larger than –60 db 
incurs significant cross talk. 
 

 
For DSL services to reach their theoretical performance maximums, a 
near-ideal subscriber loop is required. In the real world, however, most 
subscriber loops are far from ideal. The wire may change gauge, ranging 
from 22 gauge to 26 gauge.  This causes distortions and interference in 
a passing signal.  It is also possible to have “bridged taps” on the loop, 
where a wire is attached to the main loop, but not connected to anything 
at the far end.  Unconnected bridged taps cause reflections in the signal 
- some of the incoming signal will “bounce” backward, and this reflection 
will interfere with the original signal and must be filtered out by the DSL 
transmitter/receivers at both ends. This requires extremely adaptable 
echo cancellation technology, which adds significant cost and complexity 
to the system.  This is primarily a problem with CAP-based ADSL 
systems.  DMT-based ADSL uses multiple narrowband tones that require 
less equalization, but has other problems in turn. 
 

 
Figure 1: Bridge tap distortion in continuous network 

Samp le  25-pa ir binder with 12/13 pair “sub-units”.

Arrows represent incidence of high crosstalk.

Copy of signal
splits to bridge tap

Incoming signal Copy reaches end
of tap and reflects

Reflection reaches main
signal and continuously
distorts

Typically, for any one 
twisted pair in the 
bundle, there is one 
other pair that is 
closely associated with 
it in terms of cross talk 
susceptibility. 
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Loading coils are also a significant problem.  These are metallic coils that 
are attached to subscriber loops to increase the usable length of the 
wire.  This is typically used when the subscriber is 18 kilofeet or more 
away from the central office.  However, in many cases, a subscriber may 
be closer to the central office, yet still possess loading coils on the loops 
because of the way wires are used over time.  Loading coils cause a 
nearly complete degradation of higher-level frequencies, which 
effectively eliminates the possibility of delivering high-speed services on 
these “loaded” loops. 
 
In addition, ADSL requires continuous power levels to deliver signals 
from the client to the master and vice versa when it is operating. This 
energy comes at the cost of wattage required to send the signal. In the 
telco2 environment, or any other ‘high density’ ADSL deployment 
(ports/cubic foot), the heat from multiple modems must be dissipated to 
keep the components from overheating, which increases both the 
complexity of the DSLAM and the price of the components. 
 
Ethernet 
Ethernet is the dominant protocol in the local area network (LAN).   It is a 
packet-data protocol that works over standard twisted pairs in somewhat 
special configurations.  It has two characteristics that make it highly 
desirable as a high-speed protocol to be used on the copper loop: 
• Burst-mode packet delivery system 
• Very mature, well-tested technology. 
 
Burst Technology 
Data is, in most environments, considered “bursty”  i.e. there are long 
periods of silence, followed by a brief flood of data packets.  Bursty data 
has an important advantage over continuous bit rate services, such as 
xDSL.  Burst data allows the use of half-duplex communications (i.e. only 
one of the two ends talks at a time). This creates an advantage when 
dealing with bridge taps and gauge changes. When the data signal is 
reflected back to the sender, the sender doesn’t care since they aren’t 
simultaneously receiving. The receiver (at the far end) is able to filter the 
weaker secondary signal out fairly easily.  
 
All packet data protocols essentially follow the same model: only speak 
(send out signals) when there is something to say.  When there is no 
data to transmit, they send nothing, or at worst, a very low-level carrier 
signal.  This, in turn, provides bursty data another advantage over 
continuous protocols – power.  If the transmitter has nothing to say, it 
requires very little power to operate. It has been found that under normal 
conditions a packet-data system will be idle almost 98% of the time.  
Given this idle time, the average power consumption rate is significantly 
lower than the maximum power consumption rate. 
 

                                                   
2 Telephone company 

Ethernet is the 
dominant protocol in 
the local area network 
(LAN). 
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The Ethernet Standard 
Products built on the Ethernet standard are readily accepted into the 
majority of local area networks.  In addition, since the technology is 
mature, it is possible to purchase extremely inexpensive chips to 
integrate into a device to provide Ethernet compatibility.  Finally, this 
mature technology is well understood and expertise in building and 
installing Ethernet networks is relatively easy to find. 
 
Disadvantages 
Ethernet delivers data frames across networks in a broadcast fashion.  In 
a broadcast network, it is not possible to predict who will talk at any given 
moment, so Ethernet uses a collision detection system to determine 
when a remote device is talking and avoids talking during the same time 
period.  It is not, however, possible to completely avoid collisions in half-
duplex Ethernet.  Each collision requires the network devices to stop 
talking and wait for a short time before speaking again, which reduces 
the total bandwidth available for data delivery. 
 
EtherLoop 
EtherLoop takes the best features of DSL technology then utilizes burst 
technology to reduce the interference problems and the Ethernet packet-
data model to reduce the cost of connecting to a data network.  
EtherLoop also manages to avoid the collision problem of Ethernet.  
Since EtherLoop is used in a point-to-point fashion (between the CO and 
the subscriber premises), it is possible to define one device as a “server” 
and the other as a “client”.  The client only speaks when the server 
allows, which effectively eliminates all collisions. 
 
Because the subscriber loop is generally of lower quality in terms of bit 
error rate (BER) than a private LAN, EtherLoop also manages frame 
error checking and retransmission, using the Ethernet checksum.  This is 
typically not done on LANs since the bit error rate is low. It is, however, 
an appropriate action to take on a noisy copper telephone loop.   
 
EtherLoop also takes advantage of the flexible symmetry available in a 
half-duplex ethernet type communication link.  The amount of time spent 
transmitting in each direction is directly proportional to the amount of 
traffic being offered in each direction. If the user is downloading a large 
file, then most of the time is spent transmitting in the downstream 
direction.  In this case, nearly all of the bandwidth is going downstream, 
with only a small amount of bandwidth being used to transmit 
acknowledgements upstream.  If the user is uploading a large file, then 
the bandwidth is nearly all being used in the upstream direction.  If the 
user is engaged in a videoconference, then the bandwidth is split 
symmetrically.  These are only a few examples of how the bandwidth can 
be split.  Any combination is possible. EtherLoop does not impose a fixed 
symmetry scenario on the user, but instead allows the user traffic to 
dynamically set the symmetry. 
 
Further, EtherLoop contains technology that is unique.  When the 
transmitter is silent, the quality of the signal is monitored.  Cross talk and 
interference can be measured and the device can constantly change 
internal frequencies to reduce cross talk and avoid interference.  This is 
used as a continuous rate adaptation technique.  This rate adaptation 
allows the modem to immediately adapt to any noise it receives or 

EtherLoop takes the 
best features of DSL 
technology, then 
utilizes burst 
technology to reduce 
the interference 
problems and uses the 
Ethernet packet-data 
model to reduce the 
cost of connecting to a 
data network. 
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generates and generally improves the quality of the modem’s 
transmissions while reducing its interference with the other 49 lines in the 
cable. 
 
In summary, EtherLoop has the following characteristics: 

• High-speed interface either to and from the subscriber, based on 
data traffic 

• Little or no interference from reflections caused by poor wiring 
(bridged taps and gauge changes) 

• Low power and heat dissipation 
• Collision avoidance 
• Intelligent burst management 
• Instantaneous frequency adaptation 

 
The combination of DSL signaling technology, burst mode delivery and 
Ethernet frame technologies gives EtherLoop its competitive advantages.  
DSL technology allows the use of the existing telephone infrastructure 
and Ethernet burst technology reduces interference and power 
consumption and provides a low cost interface. 
 
Signaling 
EtherLoop is designed to use a range of frequencies from roughly 30 
kilohertz up to approximately 2.5 megahertz for high quality subscriber 
loops, although this is divided up into 12 overlapping frequency spectra, 
only one of which is active at any point in time. The lowest spectrum has 
total frequency range of 62.5 kilohertz and the highest has a frequency 
range of 1.667MHz.  Historically speaking, one Hertz was equivalent to 
one symbol per second, which would give EtherLoop a theoretical 
maximum symbol rate of 1.667 megasymbols per second. Using 
standard modulation techniques, such as BPSK, which give one bit per 
symbol, this would translate into 1.667 megabits per second. 
 
The Bad News 
Not all of the frequency spectrum, however, can be used effectively in all 
cases, based on cross talk, loop quality and so forth. This reduces the 
maximum symbol rate.  
 
The Good News 
Equalization technology can improve the bit rate considerably and at 
shorter distances (less than 6 kilofeet) that have less noise, the symbol 
rate can reach the 1.667 megasymbol per second limit. 
 
Signal Modulation 
There are a variety of advanced signaling techniques that “squeeze” 
more than one bit out of one symbol.   Several of these techniques have 
been used within analog modems to bring the maximum speed of the 
modem up to 56 kilobits per second.  Other techniques, such as 2B1Q 
and CAP, are used with ISDN and some versions of ADSL. EtherLoop 
uses two related signal modulations techniques: QPSK 
(QuadraturePhased Shift Keying) and QAM (Quadrature Amplitude 
Modulation). 
 
 

EtherLoop is designed 
to use a range of 
frequencies from 
roughly 30 kilohertz up 
to approximately 2.5 
megahertz. 

CC-000022

Case 1:13-cv-00492-LY   Document 44-5   Filed 03/04/14   Page 11 of 24



EtherLoop White Paper                                                                                                08-04011-01 
                                                                                                                                      Revision 2.10   

Page 11 of 23   
 

 

 
 
 
The previous figure represents a standard carrier wave.  The wave starts 
at 0 height and cycles through specific maximum and minimum 
amplitudes.  An amplitude-modulated signal uses different amplitudes to 
represent different values. If two amplitude values are possible, one that 
represents a one and another that represents a zero, then one bit per 
symbol may be transmitted. 
  

 
 
QPSK 
QPSK (quandrature phase shift keying) uses phase shifting to represent 
different values.  The figure below shows a carrier which begins 90° out 
of phase from the unmodulated carrier.  The four possible symbols used 
in QPSK are a carrier with 0°, 90°, 180°, and 270° of phase shift. 
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90°° out-of-phase
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Amplitude

Time

Wave starts
at the top
(90°), instead
of at 0°

 
 
 
These four possible symbols represent two bits log2(4) = 2 bits. This 
would allow a 1.667 megasymbols per second signal to represent 3.33 
megabits per second. 
 
These symbols can be represented as the sum of two different carriers.  
One carrier has 0° degrees of phase shift, and is called the In phase (I) 
component.  The other carrier has 90° degrees of phase shift, and is 
called the Quadrature (Q) component.  If the 4 symbols described above 
are rotated by 45 degrees, to give an equivalent set of symbols with 
phase shifts of 45°, 135°, 225°, and 315° then they can be represented 
as: 1*I + 1*Q,  -1*I + 1*Q, -1*I + -1*Q, and 1*I + -1*Q. 
 
This can be graphed as shown below: 
QPSK 

 

1-1
-1

1

Q

I
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QAM 
It is possible to improve beyond this by combing amplitude and phase 
modulation.  QAM (Quadrature Amplitude Modulation) 16 has 16 
possible symbols.  These symbols are created by allowing 2 possible 
amplitudes for each component, such as 1*I + 3*Q, or 3*1 – 3*Q. This is 
illustrated below: 
 
QAM 16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These 16 possible symbols lead to log2(16) = 4 bits per symbol, giving 
6.666 megabits per symbol for 1.667 megasymbols per second.  This 
concept can be extended further, using more possible amplitudes, for 
instance QAM 64, would give log2(64) = 6 bits per symbol, 
corresponding to 10 megabits per second for 1.667 megasymbols per 
second.  Note that as the symbols become closer together, less noise 
can be tolerated.  This means that QAM 64 will only yield better results 
than QAM 16 for relatively short loops. 

 
  Note 

These speeds vary based on the quality of the loop, the length of the 
loop, the types of services in the binder, and a number of other factors.  
It is not realistic to expect that every subscriber will receive the maximum 
bit rate all the time.   
 
Maximum Bandwidth 
The physical limits of ADSL and EtherLoop are nearly identical.  Any 
speed that can be reached with ADSL can be reached, or at least 
approximated with EtherLoop as well.  EtherLoop has an advantage over 
ADSL however.  While ADSL delivers service with a predefined 
asymmetry, EtherLoop provides a dynamic service with symmetry based 
on user traffic.  For example, a 6-megabit per second downstream and 1-
megabit per second upstream ADSL service on a particular copper wire 
could become a peak 7-megabit EtherLoop link in either direction on that 
same wire. This 7 megabits per second can be divided between 
upstream and downstream in any way dictated by the user traffic. 

I

Q
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Network Architecture 
 
EtherLoop technology was purposely designed to follow the format of the 
Ethernet IEEE 802.3 standard as closely as possible.  This has a dual 
purpose.  First, it allows EtherLoop to appear like Ethernet natively, 
which reduces the product costs of performing a protocol conversion.  
Second, it allows EtherLoop devices to fit into an existing network, in 
almost any location where an Ethernet device currently operates.  There 
are some limitations, however: 

• EtherLoop is only appropriate in a point-to-point link 
• EtherLoop provides a lower peak bandwidth on longer/lower 

quality loops 
• EtherLoop will always be more expensive than Ethernet 

 
These limitations are not as severe as they might first appear.  Much of 
the existing Ethernet now in place uses the 10baseT substandard, which 
requires point-to-point connections between a network device and a hub.   
Peak bandwidth is important, but is a combination of technical 
improvement and fundamental issues of distance and wire quality.  Even 
conservative estimates of EtherLoop’s capabilities indicate that it should 
reach 10 megabits per second at 3000 feet on a majority of existing 
wiring while simultaneously supporting an analog voice channel.  The 
expense of EtherLoop is only a factor when the network is completely 
within the limited (100 – 150 meter) range where Ethernet operates 
correctly.  
 
Given these limitations, it is clear that EtherLoop’s market niche is long-
range Ethernet network extensions.   There are five major markets where 
long-range Ethernet is a viable product: 

• Residential Internet Access 
• SOHO (Small Office Home Office) Internet and corporate access 
• Hotel/Hospitality/Lodging Internet Access 
• CAN (Campus Area Network) deployment 
• Data T1 Replacement (LAN extension) 

 

EtherLoop technology 
was purposefully 
designed to follow the 
format of the Ethernet 
IEEE 802.3 standard 
as much as possible. 
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Central Office Configuration 
The EtherLoop CO configuration is relatively straightforward.   Each 
subscriber is brought back to an EtherLoop Multiplexer shelf product, 
which is EtherLoop ready.   The voice and data channels are separated 
and the voice channel is passed on to the switch.  The data channel is 
passed on to an Ethernet hub, or switch, which then connects to any 
standard TCP/IP or ATM network.  Depending on the needs of the 
customer, multiple networks can be attached. For example, some users 
may wish to use the public Internet, some may wish to use the telco’s 
regional broadband network, and some may wish to connect to private 
corporate networks.    
 
In Figure 3, the end-user maintains a very simple network with a 
connection back to a Central Office Internet Access point.  The CO 
access point provides semi-intelligent connection management, 
providing different access gateways for subscribers of various services 
(for example, competing ISPs, corporate networks, etc.)  The 
discrimination of service is performed by the Ethernet switch, which 
intelligently routes the data to the appropriate remote resource (either the 
Internet, or one of potentially several private networks), based on the 
destination.   The multiplexer in this picture provides management of the 
EtherLoop master modems and the first stage of Ethernet packet 
multiplexing. 

Figure 3: Basic CO Access Model 

Note that this figure is only one of many possible network architectures.  
Ethernet networking is very well understood and there are numerous 
ways that data can be delivered in secure and flexible ways.   
 
Residential Access 
The Residential access model is the most straightforward.  The end-user 
will typically have only one device connected to the EtherLoop link, which 
simplifies the overall architecture.  The CO end provides Ethernet 
switching to deliver data to one of several routing resources, which may 
be connections to the Internet, to private Intranets, or to an ATM/Frame 
Relay transport network.   
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With EtherLoop, the 
voice and data 
channels are separated. 
The voice traffic is 
passed to the voice 
switch and the data 
traffic is passed to any 
standard TCP/IP 
network.  
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Figure 4: Residential Internet Access 

The home user will typically be assigned one or more static IP address 
(addresses that do not change each time the user connects to the 
network), or alternatively have an IP address provided at boot-up via 
DHCP (the Dynamic Host Configuration Protocol). 
 
SOHO Corporate Access 
The SOHO model differs somewhat from the residential access model.  
Typically, there will be a more extensive LAN in the subscriber’s 
home/office than in the average residential user’s home.  In this case, 
the CO and CPE modems must take on the additional responsibilities of 
bridging Ethernet traffic, keeping local traffic on the subscriber premises 
side of the link.  This capability is already built into the EtherLoop CPE 
and CO modems.  In this configuration, an external modem is more 
appropriate. 

Figure 5: SOHO Corporate Access 
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This model requires some additional resources - typically either VLAN or 
PVC-enabled Ethernet switches - to correctly route the traffic to the 
corporate network, or tunneling protocol software to encrypt packets that 
are delivered over a public network to the corporate access point.  
 

 
Each of these secures communications strategies has advantages and 
disadvantages. Future EtherLoop products that will enhance this market 
include EtherLoop/Ethernet switches, VLAN switches, EtherLoop-based 
routers and ATM/Frame Relay interfaces. 
 
Hospitality Industry 
EtherLoop provides a straightforward way to provide high-quality data to 
every room in a hotel through the existing telephone infrastructure.  The 
primary model installs an EtherLoop modem into the wall of each room, 
providing an Ethernet-enabled RJ45 jack adjacent to the RJ11 telephone 
jack.   The modem brings the voice and data channels back together 
then delivers them to a wiring closet or PBX closet.   Here, an EtherLoop 
Multiplexer separates the voice from the data and passes the data on to 
an Ethernet switch or router as before. 
 
This provides an advantage over wiring with Ethernet. Half the cost of a 
new Ethernet installation is the cost of the re-wiring and distances are 
typically limited to 330 feet.  In the EtherLoop model, the distances are 
limited to about 3000 feet for Ethernet-grade data rates (10 mbps), so 
the amount of equipment needed to deploy service is greatly reduced, 
decreasing cost while improving maintainability. 

Central
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Public Data Network

Corporate
Office

Private Corporate Network Link
VLAN/PVC/SVC

Tunneling
Network Link

EtherLoop provides a 
straightforward way to 
provide high-quality 
data to every room in a 
hotel through the 
existing telephone 
infrastructure.  
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IP access to the WAN is provided through another Elastic Networks 
product – the Elastic Internet Proxy (iProxy).   The enhancements for the 
hospitality model are similar to the others: concentrating modems, built-in 
Ethernet switches, VLAN capabilities, etc. 
 
Campus Networks/T1 Replacement 
In a campus or downtown environment, EtherLoop may be used to 
provide data network access to corporations, universities, or institutions 
at speeds of up to 10 megabits per second over existing voice lines.   
 
In this environment, a rack-mounted EtherLoop LAN DSU is installed at 
the customer premise with a corresponding connection, either in a 
central office or at a nearby site, depending on the nature of the copper 
access regulations. 
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Technological Comparisons 
 
This section describes the basic differences between EtherLoop, ADSL, 
HDSL,  MVL and Cable Modems.  Note that with the ever-changing 
nature of high-speed technology, some of this information may be out of 
date.  
  
Communications 
 
DUPLEX Mode 
HDSL, ADSL, and G.Lite are all full-duplex services.  In other words, 
both the CO and the CPE (Customer Premises Equipment) modems 
communicate simultaneously. MVL appears to be a half-duplex service, 
based on described capabilities. 
 
Cable Modems can be either full or half-duplex services, depending on 
the technology used and the requirements of the network connection.  At 
the time this document was written, it appears that most are half-duplex. 
 
EtherLoop is a half-duplex service.  Only one of the two devices 
communicates at one time. 
 
Full duplex provides the advantages of better link resource utility, since 
one side does not have to wait for the other to communicate.   The trade-
off for this is the divided bandwidth - each side must either use distinct 
transmit and receive wires - or a carefully separated upstream and 
downstream spectrum to avoid interference. 
 
Half duplex provides the advantage of full bandwidth utilization in both 
directions.  During the time they are transmitting, each device has the 
entire link to itself.  However, there is a turnaround time, which will 
reduce the average bandwidth.  Half duplex, packet-based video 
delivery, with proper buffering, can deliver broadcast quality video. 
 

Traditional DSL 
services carefully 
separate upstream and 
downstream spectrum 
to avoid interference.  
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Privacy 
HDSL, ADSL,  MVL, G.Lite and EtherLoop are all point-to-point, private 
services.   The only way to eavesdrop on a point-to-point service is to 
physically tap the line.  Once the signal leaves the local loop, this privacy 
is subject to the nature of the network that the data resides upon. 
 
Cable Modems utilize a shared network; so all devices are visible to all 
other devices on the cable segment.   
 
Privacy is important for corporate data integrity and for personal privacy.  
The market has shown, however, that most individuals consider privacy 
to be less important in residential internet access.   Business customers, 
however, value privacy, which can be provided by a combination of 
physical security and encrypted data streams. 
 
Delivery System 
HDSL, ADSL, G.Lite and MVL are all continuous data network products.  
In other words, they continuously transmit, whether or not there is data 
on the local loop network to transmit.  When there is no data to transmit, 
these devices deliver idle data until they are shut down. 
 
EtherLoop and Cable Modems are both packet data network products.  
They do not deliver idle data when there is no data to send. 
 
The advantage of a continuous data network is the quantifiable reliability 
of the link.  It is possible to provide continuous data services, such as 
voice and video, without compromising quality or causing network 
congestion.  Either you have enough bandwidth or you do not. 
 
The advantage of a packet network is efficiency.  Many network 
applications do not require continuous data to operate properly and 
continuous data networks reliability is wasted.  In addition, some 
continuous data services, such as voice traffic, can be characterized as 
packet data.  Voice traffic has a significant amount of silence, which 
makes the “real” data pattern of a voice call fit the profile of a high-speed 
packet network very nicely. 
 
A side effect from the only-speak-when-necessary nature of a packet 
network is the reduction in power consumption.  Since it does not require 
high power when it is idle, a packet network uses significantly less power 
than the equivalent bandwidth continuous data network. 
 
Protocols 
Because of the continuous data delivery system, HDSL, ADSL and 
G.Lite may be adopted fairly easily to provide an ATM interface.  This 
allows these products to take advantage of ATM’s carefully planned 
traffic management and data delivery systems. 
 
Again, any continuous data product can provide a packet data network 
interface by placing idle data in-between the valid packets.  As 
mentioned before, this is inefficient power consumption, but is possible. 
Therefore, HDSL, ADSL and G.Lite can provide Ethernet and other 
packet-network protocols with the appropriate conversion logic. 
 

The advantage of 
packet networks, and 
products that support  
packet networks is 
efficiency. 
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Cable modems can provide ATM services but the bandwidth requirement 
to each home/office considerably reduces the number of users per 
system compared to Ethernet or other packet based cable modem 
systems.  Most cable modem systems use Ethernet as the 
communications standard because of its efficiency in serving large 
numbers of customers with one shared medium. 
 
EtherLoop and MVL are primarily designed to operate with Ethernet and 
other packet networks. They use many components of the Ethernet 
protocols internally, which allows the conversion to and from “true” 
Ethernet to be handled very efficiently and reliably. EtherLoop is able to 
provide ATM services at a high rate of speed if interfaces such as FUNI 
(Frame User Network Interface) are used.  It may also be possible to 
provide continuous ATM at low (256 kilobits per second) speed, but this 
capability has not been investigated.  
 
Concentration 
HDSL cannot be easily concentrated. It is designed to be a point-to-point 
continuous pipe. 
 
ADSL and G.Lite may be concentrated, but it is complex to do so.  The 
data characteristic must be “bursty”, like the data that is found on a 
packet network, and the CO modem processor must run significantly 
faster than the CPE modem.  It is not possible to concentrate a 
continuous data system, unless the speed of the communications link far 
exceeds the utility of the link by the individual users.   For example, if the 
reliable bandwidth available on a local loop is 8 megabits per second, 
and each CPE modem sends and receives data at 2 megabits per 
second, it is possible for 4 subscribers to utilize the same CO modem.   
Another option is to pool ADSL modems amongst several subscribers by 
allowing the subscribers to begin and end sessions.  This is the same 
model used for dial-up access and is an intelligent way to use these 
resources. 
 
Cable modems are, by their very nature, concentrating devices.  Only 
one device transmits at a time and the ‘CO’ modem (or head-end) uses 
the exact same technology as the individual subscribers. Because all of 
the users in a given network segment are sharing the same piece of 
coax, the bandwidth available to an individual user is reduced during 
peak usage periods. 
 
MVL appears to be capable of concentration, based on the 
fundamentals.  However, its service description depends on the ability to 
offer multiple services per line, which may not be compatible with a 
concentration model. 
 
EtherLoop can provide concentration of multiple subscribers because of 
the statistical likelihood of idle time. This is the same principle that allows 
Ethernet to work in the first place. It is possible to monitor each of 
several subscribers in a rapid round-robin fashion to detect incoming 
data and respond to the data quickly.  This system avoids the possibility 
of multiple transmissions because the CO and CPE modems are 
organized as server and client.  The CPE modem does not deliver data 
until the CO modem permits it.   This allows one master device to 
simultaneously support multiple client devices.   

EtherLoop can provide 
concentration of 
multiple subscribers 
because of the 
statistical likelihood of 
idle time.  
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Distance 
HDSL is designed to travel up to 12,000 feet using one or two pairs of 
copper, depending on implementation.   ADSL’s maximum range is not 
certain, although current literature places the limit at 18,000 feet.  Full-
duplex Cable Modems are virtually unlimited in range.  Half-duplex cable 
modems appear to be limited to approximately 16,000 feet.  G.Lite 
operate at 15 to 18,000 feet.  MVL claims to work at 24,000 feet. 
 
EtherLoop operates at distances up to 21,000 feet at this time.  It may be 
possible to extend that range.  It should be noted that the distances 
available to EtherLoop are, in theory, also available to ADSL.  Note also 
that as distance increases, speed decreases. 
 
Speeds 
HDSL is a fixed-speed service rated at 1.544 megabits per second, both 
up and downstream.  This can be accomplished with one or two pairs.  
The single pair version (HDSL-2) is state of the art and is not expected to 
be widely deployed until 2000. 
 
Cable Modem speeds vary, based on the quality of the link and the 
equipment used.  Currently, the best stated maximum is 40 megabits per 
second, shared among a substantial group of subscribers.  As the 
number of users increases, the amount of bandwidth available for any 
one user decreases considerably.  Typical values average 1.5 megabits 
downstream and 300 kilobits upstream. 
 
ADSL speeds vary as well, based on the quality of the link and the 
equipment used.  Theoretical maximums of 8 megabits downstream and 
1 megabit upstream are published.  In practice, however, with real-world 
loops, the equipment placed in the field typically delivers far lower rates. 
 
G.Lite advertises speeds in the 1 – 1.5 megabit downstream and 128 – 
384 kilobits upstream. 
 
MVL advertises speeds of 768 kilobits, assignable in 64 kilobits per 
second increments, starting with 128 kilobits per second, either upstream 
or downstream. These 64 kilobit per second channels can be assigned to 
carry either DS0 voice or data. 
 
EtherLoop is currently rated for speeds of up to 10 megabits per second 
with QAM-64 at distances of 3000 feet or less.   EtherLoop can deliver 4 
megabits per second at 6000 feet, 2.5 megabits per second at 9000 feet, 
2.0 megabits per second at 12000 feet, 1.0 megabits per second at 
15000 feet, and 500 kilobits per second at 18,000 feet. 
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Conclusion 
 
As can been seen from this white paper, EtherLoop is not “just another 
DSL”.   EtherLoop is a model for communications that has significant 
opportunities to “wring” the maximum bandwidth out of any copper pipe, 
and do so in a way that is flexible to a wide variety of data networking 
needs.  In the long term, it is not unreasonable to expect that EtherLoop 
technology will have a measurable impact on the standard methods of 
transmitting packet data over copper wiring.   
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service. It doesn't share bandwidth in the manner of cable
modems. But unlike DSL, a continuous bit-rate
technology, Ethernet is bursty, meaning data is sent only
when requested. In between bursts of data, EtherLoop
checks the entire cable bundle for interference.

"EtherLoop is a spectrally agile technology," Griffith said.
"If it detects interference in its spectrum it will spectrally
adjust away from that interference." That capability makes
EtherLoop less susceptible to signal reflection points such
as bridge taps than DSL.

The transmission speeds are good, too. The hitch is in
distance; EtherLoop has a short range. EtherLoop can
support 4 Mb/s up to 6000 feet, Griffith said. "After that,
physics take over," he said. At 12,000 feet it operates in the 1.5 to 2 Mb/s range, and
between 15,000 and 18,000 feet, EtherLoop achieves only 400 to 700 kb/s. DSL is touted
to reach up to 7 Mb/s and travel up to 18,000 feet, although the farther you go, the weaker
the signal. Elastic Networks aims to reach 6 Mb/s in the second half of the year.

One key draw is that EtherLoop offers flexible bandwidth. "DSL has fixed bandwidth
constraints," Griffith said. "EtherLoop adapts based on the traffic. It's automatic, on-the-fly,
dynamic, [and bandwidth is] based on the application of the users." For example, the full 4
Mb/s bandwidth pipe can be used to download a video transmission. But if a user wants to
upload a file at the same time, EtherLoop will split the pipe to support transmission in both
directions.

The technology, with its distance limitations, will likely be constrained to specific
applications. The hospitality industry is a key target.

Sprint and Williams Communications have already signed on to sell the service. Sprint is
implementing the service in a North Carolina hotel, where it is supplying the Elastic
Networks hardware as well as Internet connectivity.

"We don't have a clean model for DSL [in a campus environment] like we do with
EtherLoop," said Ken Heitland, senior product manager in Sprint's local telephone division
business markets. "It has less interruption and less interference in areas of high
concentrations, like you find in a hotel. EtherLoop allows the hotel to reduce the amount of
long-duration traffic that goes through its PBX, and that's a cost savings for the hotel."
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* THE RESIDENT SERVICE Covad Communications launched nationwide consumer
asymmetrical DSL offerings, available through its ISP partners. The TeleSurfer service
operates up to 384 kb/s upstream and 128 kb/s downstream, and the TeleSurfer Pro offers
speeds of 768 kb/s upstream and 384 kb/s downstream.

* CLEARING THE WAY ClearWorks Technologies will compete indirectly with Qwest and
MCI WorldCom by providing commercial, bundled digital services. ClearWorks also intends
to acquire the systems integration firm, Archer Mickelson Technologies.
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multiple-llllit tube 562 multiposition switebes 

multiple-unit electric cars. See: eledric motor car. 
328 

multiple-llllit tube. See: multiple tube (or valve). 
multiplex (communication) (data transmission). To in

terleave or simultaneously transmit two or more mes
sages on a single channel. 59 

multiplexing (modulation systems) (data transmis
sion). The combining of two or more signals into a 
single wave (the multiplex wave) from which the 
sign~ can be individually recovered. See: frequency 
division multiplex; time division multiplex. 59 

multiplex lap winding (rotating machinery). A lap 
winding in which the number of parallel circuits is 
equal to a multiple of the number of poles. 63 

multiplex operation (communkatlon). Simultaneous 
transmission of two or more messages in either or 
both directions over the same transmission path, See: 
telegraphy. 59 

multiplexor (hybrid computer linkage components). 
An electronic multiposition switch under the control 
of a digital computer, generally used in conjunction 
with an analog-to-digital converter (ADC), that al
lows for the selection of any one of a number of 
analog signals (up to the maximum capacity of the 
multiplexor), as the input to the ADC. A device that 
allows the interleaving of two or more signals to a 
single line or terminus. 10 

multiplex printing telegraphy. That form of printing 
telegraphy in which a line circuit is employed to 
transmit in tum one character (or one or more pulses 
of a character) for each of two or more independent 
channels. See: frequency-division multiplexing; time
division multiplexing. See: telegraphy. 328 

multiplex radio transmission. The simultaneous trans
mission of two or more signals using a common carrier 
wave. See: radio transmission. 111 

multiplex wave winding (rotating machinery). A wave 
winding in which the number of parallel circuits is 
equal to a multiple of two, whatever the number of 
poles. 163 

multiplication factor (1) (multiplier type or valve or 
tube) (thermlonlcs). The ratio of the output current 
to the primary emission current. See: electron 
eDllSStOO. 244, 190 
(2) K (nuclear power generating station). A measure 
of the change in the neutron population in a reactor 
core from one generation to the subsequent 
generation. 112 

multiplicative array antenna system. A signal
processin.g antenna system consisting of two or more 
receiving antennas and circuirry in which the effective 
angular response of the output of the system is related 
to the product of the radiation patterns of the separate 
antennas. 111 

multiplier (1) (general). A device that has two or more 
inputs and whose output is a representation of the 
product of the quantities represented by the input 
signals. 210 
(2) (analog computers). In an analog computer, a 
device capable of multiplying one variable by another. 

9 

(3) (l.i.nearlty). See: constant multiplier; normal line· 
81'ity; servo lllllltiplier. 

multiplier, constant (computing systems). A comput
ing element that multiplies a variable by a constant 
factor. See: electronic analog computer; multiplier 
(l.i.nearity). 9, 77, 10 

multiplier, electronic. An all-electronic device capable 
of forming the product of two variables. Note: Exam
ples 81'e a time-division multiplier, a square-law multi
plier, an amplitude-modulation-frequency-modulation 
(AM-FM) multiplier, and a triangular-wave multipli
er. See: electronic analog mmputer. 9 

multiplier, four-quadrant (analog computer). A multi
plier in which operation is unrestricted as to the sign 
of both of the input variables. 10 

multiplier, one-quadrant. A multiplier in which opera
tion is restricted to a single sign of both input varia
bles. See: electronic analog computer. 9 

multiplier phototube. A phototube wjth one or more 
dynodes between its photocathode and output elec
trode. See: amplifier; photocathode. 

190, 125, 117 
multiplier potentiometer (analog C"()mputers). Any qf 

the ganged potentiometers of a servo multiplier that 
permit the multiplication of one variable by a second 
variable. 9 

multiplier section, electron (electron tubes). See: elec
tron multiplier. 

multiplier servo. An electromechanical multiplier in 
which one variable is used to position one or more 
ganged potentiometers across which the other varia
ble voltages are applied. See: electronic analog com
puter; multiplier (l.i.nearity). 9, n, 10 

multiplier, two-quadrant. A multiplier in which oper
ation is restricted to a single sign of one input variable 
only. See: electronic analog computer. 9, 10 

moltlplying-dlgital·to-analog converter (MDAC) (bybrld 
mmputer linkage components). See: digital-to-analog 
multiplier (DAM). 10 

multipoint circuit (data transmission). A circuit inter-
connecting several stations. , 59 

multipoint connection (data communication). A con
figuration in which more than two stations are con
nected to a shared communications channel. 12 

multlpole fuse (I) (power switchgear). See: pole (pole 
unit) (of a switching device or fuse) Second note. 

103 
(2) (high-voltage switcllgear). An assembly of two or 
more single-pole fuses. 443 

multipole operation (of a circuit breaker or switching 
device) (power switchgea.r). A descriptive term indi
cating that all poles of the device are linked mechani· 
cally, electrically, or by other means such that they 
change state (open or close) substantially simultane· 
ously. Devices may have capability for multipole 
opening, multipole closing, or both. 103 

multiposition relay. A re'lay that has more than one 
operate or nonoperate position, for example, a step
ping relay. See: relay. 259 

multiposltion switches (Industrial control). (1) self· 
returning switch. A switch th.at returns to a stated 
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Multiple Uniform Naming Convention Provider (MUP) 
A Windows NT driver that determines which network to access when an 

application requests permission to open a remote file. 

Multiple Virtual Storage (MVS) 
An operating system used by IBM computers for large host systems. 

multiple-byte character 
A character made up of two or more bytes in situations in which a language 

includes more than the 256 characters that one byte can allow. The American 
Standard Code for Information Interchange (ASCII) characte! set includes 256 
characters. If a language (such as some Asian languages) includes more than 
256 characters, then more than one byte is necessary to accommodate all the 
characters in that language. 

multiplexer 
A device that accepts multiple electronic transmission signals and combines 

them into one high-speed transmission. A multiplexer, also known as a mux, is 
often used to allow remote terminals to communicate with front-end processor 
ports over a single circuit. 

Synonym: mux 

multiplexing 
A method allowing a single communications circuit to take the place of 

several parallel communications circuits. 

multiplexor VLM 
A Virtual Loadable Module (VLM) that routes calls to a child VLM. The two 

types of VLMs are multiplexor VIMs and child VLMs. 

multipoint connection 
A network connection involving multiple nodes cormected by a single line. 

multipoint line 
A communications line or circuit that intercormects several nodes of a 

network system. 
Synonym: multidrop line 

multipart repe: 
An Ethernet netwc 

parallel. 

multiprocessin1 
A computer operat 

central processing m 
multiprocessing are: 

,.. Asymmetrical mt 

processor to use 

,.. Symmetrical mul 
tasks to the nex1 

multiprotocol • 
A method used by 

Reference Model, in ' 
data unit (PDU) from 
sometimes used to 
transmission. · 

Multiprotocol t 
An effon of the 1 

network layers over A 

Multipurpose I 
A specification t 

multimedia messages 
can send PostScript i 
over the Internet. 

multiserver. ne 
A single network · 

access any NetWare ~ 
should not be confus, 
are linked through·a : 
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Gfoup Art Unit: 2664 

Examiner: Ajit Patel 

Docket No.: 061607-1692-

RECEIVED 
JANl 0 2003 

Technology Center 2600 
SECOND RESPONSEWITHAMENDMENTS AND REMARKS 

Commis~ionerfor Patents 
Washington,D.C. 20~31 

In response to the Office Action of October I, 2002 (Paper No. 9), Applicants submit the 
., 

following amendments and remarks. It is not believed that extensions of time or fees for net 

addition of claims are required, beyond those, which may otherwise be provided for in documents 

accompanying this paper. However, in the event thatadditional extensions of time are necessary to 

allow consideration ofthis paper, such extensions are hereby petitioned under 37 C.P.R. § 1.136(a), 

and any fees required therefor (including fees for net addition of claims) are hereby authorized to be 

charged to Deposit Account No. 16-0255~ "' 
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l 

, 

_...,--·. 

IN THKCLAlMS 

In ac'?ordance with ~n ·C.F.R §1.121, please amend the claims as follows: 

Please substitute the following clean copy text for the pending claims of the same number, 

~1 cla~, 37, ~without prejudice, waiver, or disclaimer. ' 

1. (Twice Amended) A method of communicating information packets to and from a 
. . . 

CSMA/CD (Carrier Sense multiple Access with · Collision Detection) path via 

communication of information corresponding to the inforr.ilation packets over a 

bidirectional comm~ications path, the method comprising the steps of: 

coupling a first end of the bid~rectional communications path to the CSMA/CD 

p~th via a first mo<iem . having a CSMA/CD interface coupled to the 

CSMA!CD-path, wherein the first modem is coupled to the first end of the 

bidirectional communications path via a first end interface; 

communicating the information packets between the CSMA/CD p.ath and the first 

modem via a CSMA/CD interface; 
i, 

coupling a second ~nd · ~f the bidirectional communications path to a second 

modem, wherein the second modem. is coupled to the second end of the 

bidirectional communications path via a second end interface; 

communicating information corresponding to the information packets betwe(fn the 

first and second modems via the bidirectional communications path using 
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~.':· .. i. r:, 
h 

,. 

2. 

half duplex communications controlled. by the first modem, wherein each 

of the infonnation packets comprises a MAC-layer packet grouping of data 

that is grouped to fit into one MAC-layer packet of CSMA/CD networks, 

and wherein the half duplex communications are half-duplex with respect 

to MAC-layer packet groupings of data; 

communicating control infonnation for controlling the half duplex 

communications via the bidirectional communications path from the first 

modem to the second modem; ~d 

changing direction of flow on the bidirectional communications path for the 

infonnatiort corresponding to the infonnation packets, the direction of 

flow changing based at least upon completion of communication 

associated·· with conveying infonnation corresponding to at least one 

MAC-layer packet. grouping of data across at least one of the first end 

interface and the second end interfa~e. . . 

(Twice Amended) A method as claimed in claim 1, wherein the step of 

commllilicating the infonnation packets using half duplex communications further 

comprises the step of enveiopl:iig infonnation corresponding to at least one of the 

infonnation packets in at least one infonnation frame, the at least one information frame 

further comprising at least one error check fields for error checking of at least the 

enveloped infonnation corresponding to at least one of the infonnation packets. 
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, 3. (Twice Amended) A method as claimed in claim 2, ari.d.furthercomprising the step of 

communicating further frames between the first and second modems via the bidirectional 

com~nunications path, each further frame comprising information relating to operation of 

l 
f I 

l 
t 

the modems and an error check field for error checking of at least the information relating 

to operations of the modems. 

4. (Twice Amended) A method . as claimed in claim 1, wherein information 

corresponding to one of the information packets communicated between the modems via 

the bidirectional communications path comprises at least address, length, and data fields 

of a corresponding Ethernet frame communicated via the CSMAICD path. 

5. (Twice Amended) 'Am.ethod as claimed in claim 1, and further comprising the step of 

multiplexing signals of the first modem for communicating information corresponding to 

at least one of the information packets between the first modem and a plurality of second 

mod!;!ms. 

6. (Twice Amended) A method as claimed in claim . 1, wherein the bidirectional 
. r:·· 

communications path comprises a two-wire line. 
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7. (Twice Amended) A method as claimed in claim 1, and further comprising the steps 

of: 

monitoring ' errors m communicating the information corresponding to the 

information, packets between the first and second modems via the 

bidirectional communications path, 

and determining operations of the first and second modems in dependence upon 

monitored errors. 

8. (Twice Amended) A method as claimed in claim 7, wherein the step of determining 

operations of the modems in dependence upon monitored errors comprises varying a 

signal bandwidth of the modems for communicating the information corresponding to the 

information packets vi-a-the bidirectional communications path. 

,_ 

9. (Twice Amended) A method as claimed in claim 7, wherein the step of determining 

. operations of the modems in dependence upon monitored errors comprises varying a 

modulation method of the modems for communicating the information corresponding to 

the information packets via the bidirectional communications path. 
\ . 

10. (Twice Amended) A method as claimed in claim 1, wherein the second modem has a 

CSMNCD interface, the method further comprising· the step of communicating the 

information packets between the second modem and a second CSMNCD path via the 

CSMNCD interface of the second modem. 
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11. (Twice Amended) A method of communicating information packets to and from a 

CSMA/CD (Carrier Sense Multiple Access with Collision Detection) path via 

communication of information corresponding to the information packets over a 

bidirectional communications path, the information packets comprising upstream 

information packets and downstream information packets, the method comprising the 

steps of: 

coupling a first end of the bidirectional communications path to a first modem, 
. ' 

wherein the firstmodem is coupled to the first end of the bidirectional 

communications path via a first end interface; 

communicating the information packets between the CSMA/CD path and the first 

modem_ -via a CSMA/CD interface, wherein each of the information 

packets comprises a MAC-layer packet grouping of data that is grouped to 

fit into one MAC-layer packet of CSMAICD networks, and wherein the 

· half duplex communications are half-duplex with respect to MAC-Jayer 

packetgroupings of data; 

coupling a second end of the bidirectional com:tnunications path to· a second 

modem, wheibin ·ffi.e second modem is coupled to the second end of the 

bidirectional cortununications path via a second end interface; 

communicating information corresponding to the downstream information packets 

and control information, for controlling operation of the· second mopem, 
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from the first modem to the second modem v1a the bidirectional 

communications path; 

changing direction of flow for the information corresponding to the information 

packets; the .direction of flow changing based at least upon completion of 

communication associated with conveying information corresponding to at 

least one MAC-layer packet grouping of data across at least one ?f the first 

end interface and the second end interface; and 

communicating information correspond,ing to the upstream information packets 

from the second modem to the first modem via the bidirectional 

communications path under control of the control information, the control 

information providing half duplex communications for at least the 

information corresponding to the infonnation packets on the bidirectional 

co1nmunications. path. 

1\ 
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12. · (TwiceAmended) 

...-.. \ 
.I 

• ... ... •' 
\ 

\ 
I 

'· 

A roethod · a.s . c.Iaimed · m ·claim 11, wher~in . the step · of 

COnliD\llllC~ting the infotmation. corresponding tO the upstream information packets 

fu~ comprisestke_ step of enveloping information corresponding_ to at least one of the 

upstream information packets in at least one upstream information frame, the at least one 

upstream . infonnation frame further comprising at ·least one error check field for error 

checking ofatJeast the enveloped infor.n;mtion ·corresponding to least one of the upstream 

information packets, and . wherein . the . step of communicating the information 

· corresponding to the downstream irtfoinl~tion packets further comprises the step of 

enveloping information corresponding to· at leas~ one of the downstream information 

packets in ·at·le~t .one downstream: itlforination .frame, the at least one downstream 

infoirnationfram<?'·furtllet-comprisirig·at-lea5t one.err.or check field for.-error checking of 

at. least the enyeloped!._fitforniation c()rresportding· to at least one_ of the downstream I i¢o_rmation packets: ·. 
l~ ---~~~~..:--......___.:_~~-----:---------

~ ~ 
i 
l' 
i · 

!: r ----~~------~------~--------~----------~---------------
[1 
!:. 

1'~-li r 
m 

tl 
ill 

i.~l· ti 
fi 

15. {Twice Amende<f) A method as claimed in claim l2, . and further comprising the step 

of communicating further· frames betWeen the first and second modems via the 

biditectipilal corntnunicatipns path, each f)Jrther frame comprising information relating to 

operation of the modems and an error c;heck field for error checking of at least the 

M information relating to operation of th.e modems. ll ______________ .........::__.......:._---..; ___ ;....;;_ _ ___;_ ____________________ _ 

!: 
r 

~~-. 
I. 1\ 
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17. (Twice Amended) A me'thod as claimed · in claim 11, wherein information , 

corresponding to one of the upstream information packets communicated between the 

modems via the bidirectional communications path comprises at least address, length, and 

data fields of a corresponding Ethernet frame communicated via the CSMNCD path. 

18. (Twice Amended) A method as claimed in claim 17, wherein the information 

corresponding to one of the upstream information packets communicated between the 

modems via the bidirectional communications path further comprises a frame check 

sequence of the corresponding Ethemet"frame communicated via the CSMNCD path. 

' 
19. (Twice Amended) A method as claimed in claim 18, wherein the information 

corresponding to one--o.f" the ·upstream. information ·packets communicated between the 

modems via the bidirectional communications path further comprises a preamble and a 

·-
start frame, delimiter of the corresponding Ethernet frame. 

20. (Twice Amen(jed) A method as ·claimed in claim 11, and further comprising the step 

of multiplexing signals of the first modem for communicating at least one of the 
' .. •, ' .:, - ~ 

information corresponding to the upstream information packets and the information 

corresponding to the downstream information packets between the first modem and a 

plurality of second modems. 
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21.. (Twice Amended).· A method . as claimed m claim 11, wherein the bidirectional , 

· communications path comprises a two-wire line.· 

' 22 .. (TwiceAmended) A niethod as Claimed in claim 11, and further comprising the steps 

of: 

monitoring errors in communicating at least one of the information corresponding 

to the upstream information packets and the information corresponding to 

the downstream information pac~ets between the first and second modems 

via the bidirectional coiilfilunications path, and 

determining . operations of the first and second modems m dependence upon 

monitored errors. 

···.:--

23. (Twice·. Amended) A method as. claimed in claim 22, wherein the step of det~rmining 

operations of .the modems in dependence upon .rhonitored errors comprises varying a 

signal bandwidth of the modems for .c()mmunicating at least one of the information 

corresponding to: the upstream infonnation packets and. the information corresponding to 

the downstream information packets via the: bidirectional communications path. · 
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• 
24. (Twice Amended) A method as claimed in claim 22, wherein the step of determining 

operations of the modems in dependence upon monitored errors comprises varying a 

modulation method of the modems for communicating at least one of the information 

corresponding to the upstre.am information packets and the information corresponding to 

the downstream information packets via the bidirectional communications path. 

25. (Twice Amended) A method as claimed in claim 11, and further comprising the step 

of communicating the information packets be:tween the second modem and a second 

<;:SMA/CD path via a second CSMA/CD interface . 

. ,, .. ' . : - : 

26. (Twice A.tne#ded) . A· method ·or' .cothrriunica#ng Ethernet frames on a CSMA/CD 

(Carrier Sense Multiple Acc~ss with Collision Detection) path via communication of 

information corre8ponding to the Etpetnet frames over a bidirectional communications 

path, the method comprising the steps of: 
'· \ 

coupling the information corresponding to the Ethernet frames between the 

CSMA/CD path and a first modem viaa CSMA/CDinterface, wherein the 

first modem is further coupled to the bidirectional communications path . . 

. '· 
via a first end Interface; and 

coupling the infonnation corresponding to the Ethernet frames between the first 

modem and a second mopem via the bidirectional communications path, 

wherein each of the Ethernet frames comprises a MAC-layer packet 

grouping· of data that is\ grouped to fit into. one MAC-layer packet of 

{\_ 
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CSMA/CD networks, wherein the second modem is· coupled to the 

bidirectional communications path via a second end interface, wherein the 

first and second modems are master and slave modems respectively, and 

the master modem controls the slave modem by control information 

communicated vta the bidirectional communications path so that 

communications of at least the information corresponding to the Ethernet 

frames on the bidirectional communications path take place in a half-

duplex manner, wherein th~ half-duplex manner is half-duplex with 

respect to MAC-layer packet groupings of data, the half duplex manner of 

communications changing direction of flow for the information 

corresponding to the Ethernet frames, the direction of flow changing based 

at leastupon completion of communication associated with conveying 

information corresponding to at least one MAC-layer packet grouping of 
~ ' 

data across at least one of the first end interface and the second end 

interface. 

27. (Twice Amended) A method as claimed in claim 26, wherein the bidirectional 
. \"' 

communications path comprises a two-wire line. 

(\ 
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, 28. 

29. 

30. 

.. .... .. , 
... r ...... 

(Twice Amended) A method as claimed ih claim 26~ wherein the·' bidirectional 

communications path comprises a two-wire telephone subscriber line and the modems 

Communicate signals via the line at frequencies greater than telephone signal frequencies, 

the method further comprising the step.of communicating telephone signals via the line. 

. (Twice Amended) A method as claimed in claim 26, and further comprising the steps 

of monitoring errors in communicating the information corresponding to the Ethernet 

frames between the first and second modems, and determining operations of the first and 

second modems in dependence upon·monitored errors. 

(Twice Amended) A method .. of communicating information corresponding to 

information packets iri·ooi.h directions petween a CSMA/CD (Carrier Sense Multiple 

. . 
Access with Collisio~. Detection) path and a bidirectional communications path~ the 

·-
information packets being, .the. method comprising the steps of: 

. coupling the information corresponding to the information packets from the 

CSMA/CD path via a CSMA/CD interface to a first buffer, wherein the 

first buffer is coupled to the bidirectional communications path via a first 
\ . . 

end interface; 

supplying the information corresponding to the information packets from the first 

buffer to the bidirectional communications path under control of a control 

unit, wherein each of the . information packets comprises a MAC-layer 
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packet grouping ofdata that is grouped to fit into one MAC-layer packet 

of CSMA/CD netWorks; 

changing di;ection of flow for. the information corresponding to the information 

packets, the direction of flow changing based at least upon completion of 

communication associated with conveying information corresponding to at 

least one MAC-layer packet grouping of data across at least one of the first 

end interface and the second end interface, the changing of the direction of 

flow being a characteristic of communications in a half duplex manner, 

wherein the half duplex manner is half-duplex with respect to MAC-layer 

packet groupings of data; 

receiving the information corresponding to the information packets from the first 

buffer to ·the ·bidirectional ·communications path in a second buffer, 

wherein the second buffer.is coupled to the bidirectional communications 

path via a second end interface; 
.. 

'.' i• 

i coupling the information corresponding to the information packets from the 

second buffer to the CSMNCD path via the CSMNCD interface; and 

producing. in the control unit and supplying to the bidirectional communications 
. ·. ·'. 

path, or receiving from the bidirectional communications path and 

supplying to tpe control unit, control information, the control information 

communicated to· provide that communications of the information 

corresponding to the . information packets via the bidirectional 

communications path take place in the half duplex manner. 
(\ 
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31. (Twice Amended) A method· as claimed in claim 30, wherein the information 

corresponding to the information packets and the control information are communicated 

via the bidirectional communications path as modulated signals, the method further 

comprising the steps of producing modulated signals for supply to, and demodulating 

signals received from, the bidirectional communications path. 

~ --------~~~~----(-O_n_c_e_A_m--en_d_e_d_)----A---m--et_h_o_d_. -a~s--c-la_i_m_e_d __ i_n __ c_l-ai_m ___ l_l_, __ w_h_e-re-in---in_£_o_rm __ a-ti_o_n ________ __ 
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.t;IJ; 
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correspondingto one ofthe downstream information packets communicated between the 

modems via the bidirectional communications path comprises at least address, length, and 

data fields of a corresponding Ethernet frame communicated via the CSMNCD path. 

~2-
(Once Amended)· A method as claimed in claim M, wherein the information 

'-

corresponding to one of the downstream information packets communicated between the 

modems via the bidirectional communications path further comprises a frame check 

sequence of the corresponding Ethernet frame communicated via the CSMNCD path. 

(Once Amended) 
·1c' ~3 

A method as claimed in claim ~ wherein the information 

corresponding to one of the downstream information packets communicated between the 
. r 

modems via the bidirectional communications path further comprises a preamble and a 
It 
~· start frame delimiter of the corresponding Ethernet frame. 
~ --------------------------------------------------------------------------------------
!: 
F: 
f~ 
~i ~ (\ 
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~1. 

Please add the following new claims 39- 46. 

1) -?/ (Ne"YlY Added) A method of communicating information packets to and from a 

CSMNCD (Carrier Sen~e multiple Access with Collision Detection) path via 

~ 
fi 
M 
~·. 

communication of information corresponding to the information packets over a 

~; 
!'? 

K 

~ 
I! J 

~ 
!i 
!~ 

~-
E 
ti 
!' 

bidirectional communications path, the method comprising the steps of: 

coupling a first end of the bidirectional communications path to the first 

CSMA/CD path vta a first modem coupled to the CSMNCD path, 

wherein the first modem is coupled to the first end of the bidirectional 

communications path via a first end interface; 

communicating the information packets between the CSMNCD path and the first 

modew ____ via aCSMNCD interface; 

coupling . a second end of the bidirectional communications path to a second 

modem, wherein the second modem is coupled to the second end of the 

bidirectional communications path via a second end interface; 

communicating information corresponding to the information packets between the 

first and second modems via the bidirectional communications path using 

i , 

half duplex coinrilfinications controlled by the first modem, wherein each 

of the information packets comprises a MAC-layer packet grouping of data 

that is grouped to fit into one MAC-layer packet of CSMNCD networks, 

and wherein the half duplex communications are MAC-layer half-duplex 

such that once information corresponding to a first MAC-layer packet 
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, groupmg of data has begun to be transmitted into 'the bidirectional 

communications path the information corresponding to the first MAC-

layer' packet grouping of data is completely transmitted into the 

bidirectional communications path before information corresponding to a 

second MAC-layer packet grouping of data is allowed to begin to be 

transmitted into the bidirectional communications path; and 

communicating control information for controlling the MAC-layer half duplex 

communications via the bidU:ectional communications path from the first 

. modem to the second modem. 

~s 
(Newly Added) A method as claimed in claim ~. wherein the step of 

communicating the mf~~ation packets using half duplex communications further 

comprises the step ~of enveloping information corresponding to at least one of the 

information packets in at least one information frame, .the at least one information frame 

further comprising at least. one error check fields for error checking of at least the 

enveloped information corresponding to at least one of the information packets. 

/ 

(Newly Added) A metho~· · as claimed in claim J: -;,wherein information 

corresponding to one of the iiJformation packets communicated between the modems via 

the bidirectional communications path comprises at least address, length, and data fields 

of a corresponding Ethernet frame communicated via the CSMA/CD path. 
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. ;s-
(Newly Added) A method as claimed in claim ;4, and further comprising the steps 

of: 

monitoring errors m communicating the information corresponding to the 

information· packets between the first and second modems vta the 

bidirectional communications path, 

and determining operations of the first and second modems in dependence upon 

monitored errors. 

.. / ,'J 
{Newly Added) A method as claimed in claim~, wherein the· second modem has a 

CSMA/CD interface, the method further comprising the step of communicating the 

information packets between the second modem and a second CSMA/CD path via the 

CSMA/CD interface oftlie second modem. 

(Newly Added) A method of communicating information packets to and from a 

CSMA/CD (Carrier Sense multiple Access with Collision Detection) path via 

communication · of information corresponding to the information packets over a 

bidirectional communications path, the method comprising the steps of: 
i. 

'!!' 

receiving a first information packet from the CSMAICD. path at a first modem via 

a CSMAICD interface; 

transmitting information corresponding to the first information packet on the 

bidirectional communications path in a first direction; 
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, changing direction of communication of MAC layer groupings 6f information on 

the bidirectional communications path to a second direction that is 

opposite of the first direction, the direction of communication changing 

after the completion of transmission of the information corresponding to 

the first information packet; 

receiving information corresponding to a second information packet from the 

bidirectional communications path at the first modem; and 

transmitting the second information packet on .the CSMNCD path. 

l}V 
(Newly Added) The method of claim 4't!, wherein the first information packet is a 

first MAC layer groupmg of information on the CSMNCD path and the second 

information packet is~-a' second MAC layer grouping of informatiop on the CSMNCD 

path, wherein the 'changing· direction step further comprises: 

operating the CSMA/CD interface to appear to · MAC layer entities on the 

CSMA/CD path that .MAC layer groupings of information are passed 

through the CSMA/CD interface and over .the communications path in a 

halfduplex mamier with respect to MAC layer groupings of information. 

Jl 
(Newly Added) The method of claim )'5, wherein the step .of operating the 

CSMA/CQ interface further comprises: 

avoiding collisions on the bidirectional communications path of information iii 
!i 
i ----------------~---------c_orr __ e_sp_o_n_d_in_g __ to_·._M_A_·_c_I_a~y-er_gr_·_o_u_p_in_g_s_o_f_i_n_fo_rm __ a_t_io_n_. ________________________ _ 
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REMARKS 

. . - . 

.\ 

1 
i 

This is a full and timely response to the outstanding Office Action mailed October 1, 2002. 

. . ~ . . 
Prior to entryilf this response, claims 1 - 38 st~d rejected in the present application. This response 

_ _, 

cancels claims 32, 33, 37, and 38 Without prejudice, .waiver, or disclaimer. Also, the response 
. . 

amends independentcl<t.ims l, 11, 26, and-30 as well as dependent claims 2- 10, 12, 15, 17-25, 

27-29,-31 and 34.-36, The amended claims have· been clial1gedto clarify the claim language in · 

accurately describing the . clairried embodimynts of the present invention. Furthermore, new 

independent·,claims 39 :and 44 a5 well as claims40 - 4_3 ·and 45 - 46, which depend therefrom, have 

·been added. Each rejection pres~ted. in the·Offiqe Action is <:ijscussed ip the remarks that follow. 

A. Claim Rejections- 35 U.S;C. § 112 ~1 

Claims 1, 2, ll, 26;3'0;32 -· 33-~ 37,.and 38 stand· rejected under 3_5 U.S.C. § 112 ~ 1 
\ 

because the specification all~gedly does not:support "MAC-layer half duplex communications." 

Claims l, 2, 11, 26, 30, 32 :- 33, 37, and 38 have been amended to remove the combination of 

words "MAC-layer half duplex''. However; Applicants respectfully traverse this rejection as the 

specification definitely, describes half duplex C()mmunications, and the halfduplex communications. 

generally are .in relation to communication of MAC-layer frames with the MAC layer being a 
. \ 

·<·· . '!"' 

sublayer of the layer 2datalink layer ofthe Open System Interconnect (OSI) model. Furthennore, 

independent claim.39 isa newly added claim that does contain the combination of words "MAC

layer half duplex.'' Thus, . Applic~ts do not concede that the specification does· not support · the 

combination of words. of "MAC-layer half duplex commu,nicati ons." . ·. . . . . . . . 
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, Specifically, on ,page 12, lines 26 - 27, the specification states that "this communication 

involves half-duplex transmission using a collision avoidance protocol (ECAP)." Also, page 12, 

lines 30- 32 specify: "To facilitate these communications, the information sent ... comprises ... 

data packets of Ethernet frames." In addition, page 12, lines 34- 35 state that "[t]hese packets are 

incorporated into ECAP frames." Thus, ECAP provides for half duplex communication with 

respect to ethemet frames. Furthermore, page 6, lines 24- 33 describe the format of an "Ethernet 

frame at the MAC layer." Therefore, ECAP provides a half duplex mechanism for communication 

of MAC layer frames or in other words :gcAP. provides for "MAC-layer half duplex 
.-· 

communication." 

With respect to the OSI model, generally half-duplex and full-duplex are two non-limiting 

terms used to describe the communication characteristics between two (or more) peer entities at any 

layer or any partial layer of th-e "OSI model. As non-limiting examples, the baseband ethemet 

physical layer for the coax transmission lines in 1 0Base2 (thinnet) and 1 0Base5 (thicknet) is half 

duplex. The baseband ethernet physical :layer for lOBas~T and 1 OOBaseTX supports both half 

duplex and full duplex operation using four wires comprising a transmit pair and a receive pair. 

Thus, ethernet physical layer standards can be half duplex or full duplex at the physical layer. Such 

a physical layer could be described as physical-layer half duplex or physical-layer full duplex . 

. ····-, ...... . 
The connection of networks or portions of a network (such as but not limited to CSMAICD 

networks), which only support half duplex physical layer operation, across a communication path 

that supports full duplex transfer of MAC frames may present problems for the MAC protocol on 

the networks. The MAC protocol on networks that operate on a half duplex physical layer may be 

. expecting MAC frames to be communicated aGross the network in a half duplex manner in order 
(\ 
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fo:r the MAC protocol >to work properly. However, introduction of a full duplex communication 

path to interconnect two physical layer half duplex networks (or two portions of a physical layer 

half duplex ?etwork)· may <create, problems; One non-limiting solution to these problems is to 

utilize MAC-layer half duplex ~n the full duplex communication path to provide the MAC layer 

protocol on the two physical layer half duplex networks (or two portions of a physical layer half 

duplex network) with an appearance that MAC layer frames are communicated to the MAC layer in 

devices on the two networks (or on the two portions ofthe network) in a way that appears to be half 

duplex. 

Accordingly, newly added independent claim 39 now recites: 

the half duplex commUnications are MAC-layer half-duplex such 
that once information corresponding to a first MAC-layer packet 
grouping of data has begun to be tnmsmitted into the bidirectional 
communications path the information corresponding to the. first 
MAC~layer pa_cket grouping of data is completely transmitted into 
the bidirectiomll communications path before information 
corresponding to a second: MACMlayer packet grouping of data is 
allowed t~- ,begin to be transmitted into the · bidirectional 
COJllli1uri.ications path[.] ' -

Applicants submitthat this language in independent claim 39 is fully supported by the specification 

and request that the rejection under 35 U.S. C. § 112 ~ 1 for the combination of words "MAC-layer 

half duplex" be withdrawn. 

B. Claim Rejections- 35 U.S.C. § l03(a) 

The Office Action rejects claims 1-38 under 35 U.S.C. §103(a) as being unpatentable over 

Saitoh (U.S. Patent 5,636,037), hereinafter Saitoh; in view of Applicants' allegedly admitted prior 

art. Applicants respectfully traverse this rejection: 
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One non""limiting characteristic, of half-duplex communications is the' rule or decision 
r 

criteria for ·changing ·the direction of· communication in the half duplex communication. 

Independen~claims 1, 11, 26,,_ahd 30 now recite a rule for changing the direction of information 

flow that is not disclosed, taught, or suggested by Saitoh or Applicants' allegedly admitted prior 

art. As amended, independent claim l recites "the direction of flow changing based at least upon 

completion of communication associated with conveying information corresponding to at least 

one MAC.:layer packet grouping of data across at least one of the first end interface and the 

second end .interface," which is not. disclosed,- taugh,t, or suggested by Saitoh or Applicants' 

allegedly admitted prior art: · Also; amended independent claim 11 recites "the direction of flow 

changing based at least upon completion of communication associated with conveying 

information corresponding to at least one.MAC-layer packet grouping of data across at least one 

of the first end interface and· the second end interface", which is not disclosed, taught, or 

suggested bySaitoh or Applicants' allegedlyadmitted prior art. 

'-

In addition, independent elaim 26 r.ecites ''the. direction of flow changing based at least 

upon completion of communication associated: with conveying information corresponding to at 

least one MAC.,layer packet grouping of 'data across at least one of the first end interface and the 

second end interface'\ which is not disclosed, taught, or. suggested by Saitoh or Applicants' 

. . ·.r . 
allegedly admitted prior art. Furthermore, independent claim 30 recites "the direction of flow 

changing , based at least upon completion of comniunication associated with conveying 

information corre~ponding to at least one MAC-layer packet grouping of data across at least one 

of the first end interface and the second. end interface'', whiCh is not disclosed, _taught, or 

suggested by Saitoh or Applicants' allegedly admitted prior art~ Thus, Applicants submit that 
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, independent claims 1, 11, 26, and 30 contain language that is not disclosed, taught, or suggested 

by Saitoh in combination with Applicants' allegedly admitted prior art. Therefore, Applicants 

submit that j:ndependent claims 1, 11, 26, and 30 as well as dependent claims 2- 10, 12- 25, 27 

-29, 31, and 34- 36, which depend therefrom, are allowable over the combination of Saitoh and 

Applicants' allegedly admitted prior art. 

Moreover, newly added independent claim 39recites: 

half duplex communications [that] are MAC-layer half-duplex 
such that once information corresponding to a first MAC-layer 
packet grouping of data has begun. t,o be transmitted into the 
bidirectional communications path the information corresponding 
to the first MAC-layer packet grouping of data is completely 
transmitted into the bidirectional coimnunications path before 
information corresponding to a second MAC-layer packet grouping 
of data is allowed to begin to be transmitted into the bidirectional 
communications path. 

This portion of Claim 39 is not,disclosed, taught, or suggested by Saitoh or Applicants' allegedly 

admitted prior art. Thus, Applicants submit that newly added independent claim 39 ~swell as 

dependent claims 40 - 43, which depend therefrom, are' allowable over Saitoh in combination 

with Applicants' allegedly admitted prior art. 

Finally, newly added independent claim 44 recites "changing direction of communication 

of MAC layer groupings of information on the bidirectional communications path to a second 

direction that is opposite of the first.dir~6tion, the direction of communication changing after the 

completion of transmission of the information corresponding to the first information packet", 

which is not disclosed, taught, or suggested by Saitoh or Applicants' allegedly admitted prior art. 

Thus, Applicants submit that newly added independent claim 44 as well as dependent claims 45 

- 46, which depend therefrom, are allowable over Saitoh in combination with Applicants' 

'-·· 
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allegedly admitted prior art.· 

-:·--...... 
~· \ 

l .. .. ./ 

CONCLUSION 

. ''\., 
I 

fu summary,it isrespectfully submitted that independent claims 1, 11, 26, 30, 39, and 44 as 

well as dependent claims 2- 10, 12 - 25, 27 - 29, 31, 34- 36, 40 - 43, and 45 - 46, which depend 

therefrom, define-at least one embodiment of an invention that provides a distinct advance in the art 

not rendered ,,abvicms by the cited art: ofrecord. Accordingly, Applicants would appreciate an early . . . . . 
Notice. -pf. Allowanc~, and therefore. Applie:ant8 · re~pectfully soljcit this Notice of Allowance. 

Should the Examiner have any questions regarding .this. response, the Examiner is cordially invited 

to telephone the undersigned attorney. 

--·;..---· ~ -· 

THOMAS, "KAYDEN,HORSTEMEYER& RISLEY, L.L.P.": 
Suite 1750 
100 Galleria Parkway N.W, 
Atlanta, Georgia 30339 
(770) 933-9500 ·I 

' ·- ·~· . • '::t:.j 
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