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(57) Abstract

A network interface is presented that receives packet data from a shared medium and accomplishes the signal processing required
to convert the data packet to host computer formatted data separately from receiving the data packet. The network interface receives
the data packet, converts the analog signal to a digitized signal, and stores the resulting sample packet in a storage queue. An off-line
processor, which may be the host computer itself, performs the signal processing required to interpret the sample packet. In transmission,
the off-line process converts host—formatted data to a digitized version of 4 transmission data packet and stores that in a transmission queue.
A transmitter converts the transmission data packet format and transmits the data to the shared medium.




stations contending for use of the shared channel. Et hernet is based on
l-persistent Carrier Sense 30 Miltiple Access with Collision Detect
(CSMA/ CD) usi RYo3eseesss CO! |1 sion resol ution algorithmreferregdrusssoddnary
Exponenti al Bacﬁo?? ?BEB). A typical packet-sw tched network is
shown in Figure 1. In Figure 1, stations 102, 104, 105 and 106 35 are
connected to a shared nmedium 101. Al though only four stations are
shown in Figure 1, any_nhunhe f at émee connect ed
to-shared nedi um 101. @Fgﬁ&#NQ Bﬁ&ﬂ?ﬁ**@lNﬁﬁwgékaxﬁﬁﬁhgg ariety of
avai |l abl e physi cal nedia including copper tw sted-pair, coaxial

cabl e, power lines, optical cable and wireless (RF or 5 IR).

Station 102 shows a network interface 103. All _of the stations
connected to comon shared nedi um 101 BRREROUNDy et work interface simlar
to network isterface 103. Network interface 103 controls access to
shar ed nediunllg.;g%jﬁbpgbh?ﬁ% %ggéﬁfgb 02 and provi des conversion .

bet ween host st data packets on shared nmedi um
101. Figure 2 shows a typical Ethernet network interface 210

installed in a host shiki 8AverOiodereldresLad recebeing ddtd ifdn ACCess With
Col l'i si on Detecti,Q

Speci fication," Pmnﬁlﬁﬁéé%%%@é@ﬁﬁ% E%‘?’E” ?gﬂ 'Eﬂé’ééfﬂe We%re 2

10 portion of the required signal processing is
accomplished off-line, independent of receiving the
data.

KGROUND
15

Packet-switched communication networks are often
used in the transmission of data over shared
‘communication channels. Shared communication channels
may exist on a variety of physical media such as copper

20 twisted—pair, coaxial cable, power lines, optical
cable, wireless RF (radio frequency) and wireless IR
(infrared). A system that has found wide-spread
commercial use is Ethernet. (see “Multipoint Data
Communication System With Collision Detection,” U.S.

25 Patent No. 4,063,220, issued Dec. 13, 1977 to Metcalfe
et al). A multiple-access technique is used in systems
such ag Ethernet to coordinate access among several
stations contending for use of the shared channel.
Ethernet is based on l-persistent Carrier Sense

30 Multiple Access with Collision Detect (CSMA/CD) using a
collision resolution algorithm referred to as Binary
Exponential Backoff (BEB). _

A typical packet-switched network is shown in
‘Figure 1. In Figure 1, stations 102, 104, 105 and 106

35 are connected to a shared medium 101. Although only
four stations are shown in Figure 1, any number of
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1996-07-29. Ethernet network interface 210 is a typi cal network
interface 103 (Figure 1) providing 20 access to shared nedium 101 from host

station 220. Typi cal ly, signal processing functions in network
interface 21@oapmssgse ouped i nto a physical (PHY) |ayer PODUSRMNM4E7 Medi a
Access Control (MAC) |ayer 201. Physi cal |ayer 200 (the | owest |evel

| ayer of the 25 interface) interfaces to MAC | ayer 201. Signals

ReceiveBit (RB), Tr ansm' tBit (TB), collisionDetect (CD), and

carrier Sense (S@ ghﬂg%(nu I-D’L‘ @oPWared 141 q{m %.%q anghg@é‘dl ayer
201. Media access contr VA ayer 201 i enents_an access control

al gorithm 30 ARAIUNGASEIPRE %t%@ér?fatgﬁnﬂﬁﬁlﬁ% ayallapleam out put
from PHY | ayerpiifd caldmadibasindudinic etbpglaratw:.stepm@aﬂr bicbagiakam

conpatible w tl;jest gg,g;_.l g%lggo o tlcaél g?‘r]gir'\?s ll,(—)%( les20QR Eggpybri d 209

coupl es both recBPVe and TTanam t ayer to 35
shared nmediSumB®1. The receive el ements include a CODEC/ DEMOD 203 and a
carrier sense 202. stapichADEdMEB3hows a network interface 103. 2AllZ2ef

203 1N conj UNGI] oMLtk BafaLihRlacitN ¥ elmlf! Shlfed HMRgism ROESERGE OF @

transm ssi on on share rier sens uts the
carri er Sense (TRetyogkalnterfacg)Limilay RRcRAEYOHF Wrzfaﬂ’&t g%acket on
shared 5 nedi wathidkk SndetesatedloFWenteblsCabESEOREBNAF3d medium

10 101 from host station 102 and provides conversion
between host station formatted data and data packets on
shared medium 101. _

Figure 2 shows a typical Ethernet network
interface 210 installed in a host station 220. See

15 *“Carrier Sense Multiple Access with Collision Detection
(CSMA/CD) Access Method and Physical Layer
Specification,” ANSI/IEEE Std. B802.3, Fifth Edition
1996-07-29. Ethernet network interface 210 is a
typical network interface 103 (Figure 1) providing

20 access to shared wmedium 101 from host station 220.

Typically, signal processing functions in network
interface 210 are grouped into a physical (PHY) layer
200 and a Media Access Control (MAC) layer 201.
Physical layer 200 (the lowest level layer of the

25 'interface) interfaces to MAC layer 201. Signals
ReceiveBit (RB), TransmitBit (TB), collisionDetect
(CcD), and carrierSense (CS) are ekchanged between PHY
layer 200 and MAC layer 201. Media access control
{MAC) layer 201 implements an access control algorithm

30 and translates between a sample packet bit stream
output from PHY layer 200 and a host formatted data
packet bit stream compatible with host station 220.

In PHY layer 200, a hybrid 209 couples both
receive and transmit elements of PHY layer 200 to

35 shared medium 101. The receive elements include a
CODEC/DEMOD 203 and a carrier sense 202. CODEC/DEMOD
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converts anal og data packets received by hybrid 209 from shared nmedi um
101 into the sanpl e packet bit stream from PHY | ayer 200. Typically,

CODEC/ DEMOD 2Q3 99,468&,)r|c| udes .a controlled gain anplifier, antphﬁﬁﬁs&ﬁoimg and
10 receive filTérs, and an analog to digital converter. The

anti-aliasing and receive filters of CODEC/ DEMOD 203 carry out the
synbol processing required to counter the effect that channel
di stortion by shared nedium 101 has on a received data packet.

Therefore, a naj33 thp eoniypcEheEn s¥HHA| CHHEas Senger 483 fRPe® td&ei ve and
process data pagkeiserideodfshatednsmikisinn Gh ishared meddamp! iched in

real -time in COREG LEMOR Q03 202 g%%%gcgé %g@% %gfgggﬁ?ﬁg( P G

processing data _ _packets from | am ransm ssion rate
20 of shared nedidimatdng witgbhey: Putnef acCe@ PRFKEL 208, shared he sanpl e

packet, is asneaiddiwmprplictiel HepeEessedFurthdrqr mookeybeMopcaiyved data

packet and is substanti all V, ost data r mat . The
transmt el enent%orb"fe%af‘é%gg.gﬁggiﬁéc%]geg:eg %%‘5’1"8%3%%/ %12%52.09 CODEC/ MOD
205 typical |y inttamehaxed medéumr b1 ebntmitheampmpilecepackediRital to anal og
converter and repghsdd Yomopuli LApEs . 266 DEGMI2a309, copBe/MEMATS 23 out put

bit streaminto appropriate transm . dat a .packets ich,are transmtted
o shar ca ey 3 SohbEBTILS gain Giia AT Bnlll ST S Gg SHOT 1 ©
transnit datl® pasesiyediidgersansndtardnaloede ddgital denvertarkets to

detect the presefse £ti0hthsing hhd@NSdeSSiOTS 1kl 8EhesDEEAdEMuls. A data

col l'i si on - 0C s when another _statjon is transmttin atdata 5 packet
during the time e %Eﬁ £ {RFQGFe81ng; Fﬁﬁgﬁfgda %Iaché"%fffket .
Col li si on det ecttldiefifmesr §het channel distortion by shared medigs 101
has on a received data packet. Therefore, a majority
15 of the signal processing required to receive and
process data packets from shared medium 101 is
accomplished in real-time in CODEC/DEMOD 203.
CODEC/DEMOD 203 must be capable of processing data
packets from shared medium 101 at the transmission rate
20 of shared medium 101. The output of CODEC/DEMOD 203,
the sample packet, is a nearly completely processed
form of the received data packet and is substantially
converted to host data format.
The transmit elements of PHY layer 200 include a
25 CODEC/MOD 205. CODEC/MOD 205 typically includes a
' controlled gain amplifier, a digital to analog
converter and reconstruction filters. CODEC/MOD 205
converts an output bit stream into appropriate transmit
data packets which are transmitted on shared medium 101
30 Dby Hybrid 209. Collision detect 204 compares the
transmit data packets being transmitted to received
data packets to detect the presence of other
transmissions from other stations. A data collision
occurs when another station is transmitting a data
35 packet during the time when station 210 attempts to
transmit a data packet. Collision detect 204 generates
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the col lisionDetect (CD) signal indicating whether or not a data

col i sion has been detected. Physi cal |ayer 200 outputs signal CD
from collision detect 204 and signal CS fromcarrier sense 5 202 to MAC
controll er 2809%/#688AC | ayer 201. PHY | ayer 200 al so ouPGHUSIHOHET
receiveBit (RB) signal to RX Queue 207 of MAC | ayer 201 and receives
the transmtBit (TB) signal from TX Queue 208 of MAC | ayer 201.

RX Queue 207 receives the sanpl ed packet in a 10 sequence of receiveBit

(Rg) Si gngl s furemdonEch SbEEect (cﬁ)Bm\ﬁham iﬁ@iéﬁﬂﬂB fgewmaehei:' Jgocorrpl ete °
and stored in of station is _
alerted and tﬁﬁ’%ﬁ‘%ﬁ%pgﬁéés:rosn ng’ﬁ\% %Q?Ct <P processor 230. 15

Buf fer TX Queue 20&hyséchlecbayexn r%WPp&éké%@# CD fzgmpl e packet format

fr Orkn pr chssorccﬁ.:iQ.sthsaéﬁé@@ 200 -and sﬂéxa@esefé’&ﬁ Hrefies bBRséransnit
packet an

onse, t r ol 6, _alerts
CODEC! VoD B05 202 ttr?e?’%ge‘é%‘é’é&ofeﬁ ﬁ&%a,;gnél% ?y’é%‘&gbtl ngﬁﬁaéi‘)’?\b) 205
recei ves the taemsadise pat;n‘etSftmﬁnrﬁ)QelveB@e@Bngf@dn\FQr% Queue r ansni t
erggkfet to dat %@ﬁf@@hﬁc lay&F B, ﬁw&game&t&%f&ﬁmtgggk%%w hyg;(l d
or ra,ns r to shar eue an
Queue 207 hol CF £rgp Jﬂg @ffdﬁ%ﬂ £ &Apnfﬁ%%’f%ogdata format and the
si gnal processing RZqOuewd 207 recem@@eth&ngaml%d foaskethaned nedi um 101 or

transé/m'DtE}viD%gzo%e A afédica b8 9@&@1@éﬁlmﬂlwmstlgﬁaw ?ﬁ&@rﬁdm%bsgnébﬂ ol
CCDE an ct.i controller
206 controls t4 1] r‘ﬁ?‘(ﬁDEgé‘ tpaﬁ%p at & Bﬁ%&le?%e taﬁ’l‘ioﬁ&ﬁ 9% Hheue 208 to

CODEC/ MOD 205 R¥ QueuePBIWZOEOSﬂ\mQRﬁﬁSlO@‘I rap obcstahimm 224 dentrol |l er
alerted and the sample packet is transmitted to .
processor 230.

15 Buffer TX Queue 208 receives a transmit packet in
sample packet format from processor 230 in station 220.
TX Queue 208 stores the transmit packet and, in
response to a signal from MAC controller 206, alerts
CODEC/MOD 205 of the presence of the transmit packet.

20 CODEC/MOD 205 receives the transmit packet from TX
Queue 208, converts the transmit packet to data packet
format, and transmits the data packet to hybrid 2092 for .
transfer to shared medium 101. Both TX Queue 208 and
RX Queue 207 hold data that is substantially in host

25 data format and the signal processing required for
receiving data from shared medium 101 or transmitting
data to physical medium 101 is accomplished in
CODEC/DEMOD 203 and CODEC/MOD 205, respectively.

MAC controller 206 controls the timing of transmit

30 data packets through TX Queue 208 to CODEC/MOD 205 of
PHY 200. MAC controller 206 outputs a controller
signal to TX Queue 208, the controller signal
indicating to TX Queue 208 when it is desirable to
transmit a data packet onto shared medium 101.

35 Implementations of (;ODEC/DEMOD 203 and CODEC/MOD
205 depend on the signaling and modulation format used
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signal to TX Queue 208, the controller signal I ndicating to TX Queue

208 when it is desirable to transmt a data packet onto shared nedi um
101. 35 wo'Rasgknt ati ons of CODEC/ DEMOD 203 and CODEC/ MpBrruses/od43?
depend on the signaling and nodul ation format used

-4- I n shared nmedi um 101 and are strongly dependent on the
requi red system performance and the overall channel characteristics.

i ndustry trend has peen.to re soph sticate tion echnlques
to'transport 5 I’rPgﬁg?‘rﬁﬁltm‘?‘g’t‘E% 187 ARy A& sggﬁ?xéﬁ‘@’ Cf&ﬁﬁ”%a‘% ﬁb

causi ng i ncr easmeguivepl exstem iperfigrnemeert andobhefoveraldOREanDENOD 203 and
CODEC/ MDD 205.  characteriftfdgur 9&11211ﬂdﬁts€&‘§ra€§egé%é§ B d rﬂi}akeementl ng
sophi sticated baseband or ssb nal,i ng usﬁnﬂ % ectr :
ef ficiency si gn¥°¥fr 888}5‘%?\%5 6‘?" PRetechnigue B'Tﬂ‘rg:rﬁ s@é’@ based on
baseband si gbal highewi bbt rates|citdrw giores srpkrepy yinwalrgdPidiannayer

processing. In S be,s | | EODEC/ DEMOD
203 repl aced wi causmﬁ 16826anfaid) il o580y Dn i@jé%rﬂn%rg%eﬁ% e e T MO

ase- | p. and sanpl e .
205 repl aced wi {9YPEC P(/Bﬁ@ﬂ%s%%? S and C@EE&/SMQRd 283t put dri ver. The
conpl exity, cost, chip Rigare ad jphwarface 20Dsis psihown imgfiemestBngs of

physical interfage; 200, a8 NEeidd dNPaSUBERE {AnPAHY) JAkG agnt he

si gnal

10 spectral efficiency signal processing. Prior practice
has commonly been based on baseband signaling, with
relatively simple physical (PHY) layer processing. In -
this case, Figure 2 can be simplified with CODEC/DEMOD
203 replaced with a phase-lock lcop and sample

15 comparator and CODEC/MOD 205 replaced with a Manchester
coder and output driver.

The complexity, cost, chip area, and power
dissipation requirements of physical interface 200
grows with the symbol (or baud) rate and the signal

20 processing required per symbol to filter, resample,
eQualize, demodulate, and recover timing on the
- received data. These functions of physical layer 200
are determined by the degree of impairment in the
channel and the spectral efficiency desired of the

25 modulation technique. For example, in systems
transporting multi¥megabit/sec signals over existing
twisted pair wiring (telephone infrastructure) using-
8bit/baud 256-QAM modulation on a channel with an
impulse response that extends over several baud times

30 requires several hundred (~500) arithmetic operations
per baud. A baud rate of 2 Megabaud requires over a
billion arithmetic operations per second.

The level of complexity required to process data
as described above may be appropriate for certain

35 devicee that require access to the full channel data -
rate of the shared medium. However, conventional
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20 processing required per synbol to filter, resanple, equal i ze,
denodul ate, and recover timng on the recei ved data. These functions of
physi cal .| ayer 200 are determ ned by the degree of inpairnent in the
channel and woe9/4spssctral efficiency desired of the 25 noduPGRUSINVOBThni que.
For exanple, in systens transporting nmulti-nmegabit/sec signals over

exi sting twsted pair wring (tel ephone infrastructure) using
8bi t / baud 256- QAM nodul ati on on a channel with an i mpul se response that

extends over a%\eg&%kchaudtﬁaa@saﬁ% a&esléﬁvea@ Aaaduedi te200)

arithmetic operations aud gabaud reqU|res over
a billion %%H%Ycrﬁ%ét’éﬁ |%%§a§§f‘ °BeR n‘ahe Cndnne] %‘?ﬁﬁ F&¥®1 of
conplexity redu mutryotbeobws&erd,ataald expepseesef ibdmlibepeedny be :

appropriate fQqfg téf‘féi@é“éifc‘ia WRAknECOHE ' dedttitna hsotree ful'l channel
dat a rate of t he s ared medi um However,. conventi onal

-5- I nterface nethods also require | ow data rate devi ces,
whi ch only require a fracti orSUMMARYec OFhTHEcINVENTION! €, to carry the
burden, and expense, of a full-speed network interface such as the- one
descri bed above. 5 SUMVARY OF THE | NVENTI ON

According to the present invention, an interface
that optimizes the allocation of hardware and software

10 resources for a network interface using packet data
communications with complex modulation formats is
presented. The symbol processing functions are
decoupled from the real-time media access functions,
allowing much of the symbol processing to be

15 accomplished off-line and independent of the actual
receipt of data packets.

A data packet destined for a particular station,
" the host station, is received from a shared medium
(such as Ethernet) and partially processed by receiver

20 elements in the host station to obtain a sampled
packet. The sampled packet is a sampled and'digitiZed
version of the data packet and has experienced little
signal processing by the network interface itself,
although in some embodiments portions of the sigmal

25 processing tasks are accomplished within the network
interface. The sampled packets.are held in a buffer
for later processing by other resources of the host
station not involved in the actual receipt of the data
packets.

30 Data from the host station to be transmitted to
the shared medium is converted from host data to a
transmit packet in sample packet'format and buffered in
a transmit queue. The transmit packet is transmitted
to the shared medium by the network interface when the

35 MAC controller allows access to the shared medium.



According to the present invention, an interface that optim zes the
all ocation of hardware and software 10 resources for a network interface

usi ng packet dgdgosesss COMMUNIzcati ons with conpl ex nodul ati on pb@fd@yeasd7s
presented. The synbol processing functions are decoupl ed fromthe

real -time nedia access functions, all owi ng nuch of the synbol
processing to be 15 acconplished off-1ine and i ndependent of the actual
recei pt of data packets. A data gacket destined for, a particul ar

station, the hosThe(StgRf RTOCEEEdPFotatbe oRf L1t F¥dtefedfum (such
as Ethernet) andhpazefort|scylat assetebdataceaves &0 tied émeditvddualt he host

tati t bt ai . ' ( ' is a sanpl ed
e o1 vy SReEs9RTBAaq o stcbossflra BT Mgk 08 PP

and digitized version at a pac a erienced little

si gnal processi RFABFOLBRLIOR (XA AintEef BEEWPTE cFpnnected, tonbB8h in sone
enbodi nent s por shapédohedien Si ghalt hdrmopeo censodimémtsk ofatteacconpl i shed

Wi thin the net N el 38 ed. pac ¢ lLd in a buffer
for |ater proc\é\géibﬁntﬁ?/ﬁo%ﬁﬂeé&ir%ggu?%ggigpgﬁﬁlé %oé;%éeébgﬁgﬁeon not

i nvol ved in the S&Bﬁa‘aﬁ-lﬁ%c‘éﬁ RYOSeSSeE FeequUrces papeng Lthey tasks, Data from
the host statiogellaxhfgt €lReSredll-ad re0 requirbfesbar fisk reditum i s converted

fromhost data {9 Begeint! NAMLAARKE! L SATBREPARKE! JaLHRLngNd

a
_ queue. ansm't pac transmited to
the shared #2di 849P3lt RECPRIFMIK ishPerfarBednkyi 2 hehasd waEPESAREO | er

al l ows access te@ilehenthmiteiphdiddwith other tasks, the process load  -6-
is reduced to just what is required for useful
communication (goodput) and the shared processor is not
loaded when the network is idle or carries data packets
15 destined for other statioms.

A packet-based protocol usable with embodiments of
this invention is disclosed in U.S. Patent Application
Serial Number 08/853,683, filed May 9, 1997 and
assigned to the assignee of this-application, entitled

20 “Method and Apparatus for Reducing Signal Processing
Requirements for Transmitting Packet-Based Data”,
incorporated herein by reference in its entirety.

Using this packet-based protocol, or other packet-based
protocols, in embodiments of the present invention

25 allows production of higher rate “software modems” that
utilize some of the processors present in the host
computer. In addition to packet based data
transmission, some embodiments are capable of
recognizing the start of a data packet within a

30 continuous transmission of bits on a shared medium.

In most embodiments, adequate buffefing of sampled
analog packet signals is provided so that momentary
overload of the interface caused by packets arriving
faster than the throughput cépacity will not result in

35 dropped transmissions. This buffering need only be
provided for sampled signals that are destined for that
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The signal processing rate of the systemis therefore scaled to the
data rates of the individual station instead of the potentially nuch
hi gher transm ssion rate of the network connected to the 5 shared
medi um  FurwoooMése, enbodi ments of the i nventi on conpPEHYSAS443%r

| at enci es caused by the schedul i ng of processor resources anong ot her
t asks, relaxing the real-tinme requirenents for that processi ng.
Furthernore, in an enbodi mrent where the 10 signal processing is perfornmed

by a shared cgiiciiar st fERnd Mot pbexekk iddh rQ! Rakohghfse df1e process’
| oad S rggﬁgegﬁto Jugé.mhatgkilrqubred fQ%%use ul ggﬁg?nlcatlon
(goodput) and sharPd et Pl s HEEEE nbfe BAMRIS PRFRGHe ACTHE work is
idle or carri eshedamodepatimettiah adeamphed and dkgdidrizedafpumsof the A
packet - based R0pakkEEa0lS Wi AABRENFEMLSgEF than ERESehDYgNtion is

di scl osed iin U.S. Patent é@glicatiog .Seéﬂﬁl @ﬁrger gB/gSB 683, filed
May 9, 1997 aRFocessgdsi By GYHATIPIEs AYALERHPAINSS - ap PPt &% entitled
20 "Met hod aruheiefaret usay dve RedwoipddgsBednay Rucessimegns Requi renents

for Tr ansmttii%l%%%tsm | JBltdhe same LREP'PACHRGESKN by reference
Inits entlret_y. A

t'his packet - bgse .&Eot ocol , ~or ot hg%'i
packet - based IRteFfafEe M ¢ GPFBRE SR Hhsh MFWeTkn tRFREERTS on 25
al | ows productahiip,offiltsghin Fitst-tadf t(RAFE) moshwory” atitathed totthe ze sone of

the procegpor ik intridte M8, or REMPHESFed Wit@dEhbi R8s¢ 0 packet
based data transm ssion, sonme enbodi ments are capabl e of

‘recogni zi ng t BFEEPCTof a data packet within a 30 continuous transmni ssion
of bits on a sharetfetrwdrkininterfaces akpomding erbddtierpresentdequat e

buffering of sgR®don are easily upgraded for improved algorithms

and implementation, for added compatibility with newer

15 communication standards, and for scaleable |
communication performance resulting from increased host
processor performance because the signal processing is
accomplished by central programmable processors. 1In
addition, network interfaces embodying this invention

20 can lead to lower power dissipation in the network
interface electronics and occupy less chip area.

In some embodiments, different signaling and

modulation formats are mixed on a single shéred medium.
The off-line processing identifies the data packet’s

25 format and executes algorithms specific to that format.
The resulting stream of heterogeneous packets in sample
packet form are intermixed in the same queues and
handled.by the same physical interfaces. The dynamic
per-packet signal processing has at least two

30 applications: allowing the signal processing
complexity to be adapted to the joint capabilities of
sending and receiving stations; and allowing the signal
processing to be adapted to unique channel
characteristics between sending and receiving stations.

35 An alternative embodiment of the current invention
provides multiple RX CODEC and TX CODEC units connected

-8-



anal og packet signals is provided so that nonmentary overl oad of the

i nterface caused by packets arriving faster than the throughput
capacity will y@bodegssul t in° 35 dropped transm ssi'ons. Thi s pewfusewismg need
only be provi ded for sanpled signals that are destined for that

-7- particular station and not for the entire throughput of
the shared nedium Oten, the sanple packet fornmed by t he nodem
function, a sanmpled. and digitiz formof the ta packet, is only
SIToht Iy | ar gor EPhiher rect e il endt iuee - o Fih BEEYses: Baf Lhcker
Buf f eri ng, shwndtbrechamsl iaterfaes thatdooyld dre asedndars

i ncludi ng menor §eBrElEes ¥ MlitAAT WeAiBCE¥ghénts o NiRichFaeesROY chi ps
attached to the network pnterface .. . chip lftrs -in, Fi.rst-qut (FIFO
mermory attached™ tf':ﬁiel eqnE i visd PR, e H’{fx ¢ %W’saﬂ' r 88 RPth the
host progessedia segment wdthwdidwemicompderstycthanditigtt aceguérpdesent

invention are egg Expggsae@%é Untify QheWotkIPht&PfEce, and
i npl ement ati on, for added cormaat bility newer 15 co i cation

Wi th
standards, and for sREPERSF LMbO Jd‘lﬁﬂ’f'ur‘ﬁfcéhaoﬁnﬁ%?t'f ul'ting from
I ncreased host partprborisgroparHeorsignad peoaassintdefimgniain indtoeasi ng i s

acconpl i shed by g@?’ﬁ%g 186 OS5 SRR @RS QbSe1dfator ARPEEOW: RO WOrk
of

i nterfaces enbo ng,t I'S iLnvention
10 f-1line

software in a general-purpose host processor.
Certain computationally intensive sub-functions of the

signal processing are allocated to the hardware
accelerator for increased throughput of the combined
system. '

15 These embodiments of the invention are further
discussed below with reference to the following
figures.

. BRIEF DESCRIPTION OF THE FIGURES
20 .

Figure 1 shows a typical shared-medium network.

Figure 2 shows a prior-art network interface to
the shared medium network.

Figure 3 shows a network interface according to

25 the current invention.

Figure 4 illustrates an example of off-line
processing of packet data in cowmparison with
transmission time intervals for the same data.

Figure 5 shows an alternative embodiment of the

30 invention having multiple sets of receiver and
transmitter units.

Figure 6 shows off-line signal processing
performed as part of a protocol stack.

Figure 7 shows an embodiment of a DEMOD according

35 to the current invention.



20 can lead to | ower power dissipation in the network I nterface

el ectronics and occupy | ess chip area. I n sonme enbodi nents,

di fferent signaling and nodul ation formats are m xed on a single shared
medi um - WO&Y4486 | i ne processing identifies the data paBRBUS®OMIT for mat
and executes algorithns specific to that format. The resulting stream
of heterogeneous packets in sanple packet formare intermxed in the
same queues and handl ed by the same physical interfaces. The dynamic

per - packet signal psgae&ss rmlcmas aa;btheeszemw@nﬁ*&t Pl paMOBNEor al | owi ng

the signal proce55| exi,t a to the 0|nt
capabilities Qgeﬂdﬁ@te&ﬁ Favdeg; WP glgﬁ%lt‘%ﬁé' Eegfl BT t he signal
processing to be agagure 9 cshowsyparththnning Of(ﬂhﬁkmﬁﬁeﬂuselcs bet ween

sendi n? and rt%ﬁ'r@clébggnét ﬁﬁt‘:&rhs ha'i"atware acé‘é‘l@i‘é%fﬂ@gu Xe&”@@%‘ m?n': of the
curren nven nu CODEC an CODE n
annecteh M ot tware Brotocéf;procegglng _g. goltﬁe

recei ve and transnFtigyueuts.shidwss apbderledidgram of @nmul ti - channel

interface thatuﬁ)%h.dnéstyéﬁ%f Hhe prefBip&d aGRsodihet! biEPLReMEdi @ segnent s
or interfaces to nmul tiple frequency division multiplexed channels on

one 5 nedia §€6’ %t th | ower conplexity than that required to
replicate the enti Fégneewb: kshowseaf ®deck diagram oﬁlmﬂaecobﬁﬂdmcment of the

i nvention,ignCliylas shown in Figure 10.
Figure 12 shows a block diagram of the
demodulation process shown in Figure 1o0.
Figure 13 shows a block diagram of the data
modulation process shown in Figure 12.
15 Figure 14 shows a block dlagram of the modulation
processing shown in Figure 10. -
Figure 15 shows a block diagram of the modulator
shown in Figure 14.
Figure 16 shows a typical home network.

20 Figure 17A shows the impulse response of the
network shown in'Figure 16 when all of the terminal
jacks of the network are properly terminated.

Figure 17B shows the fregquency response of the
network shown in Figure 16 when all of the term1na1

25 jacks of the network are properly terminated.

Flgures 18A through 18F show a 4-CAP constellation
for several baud rates on the network shown in Figure
16 if all of the terminal jacks in the network are
properly terminated.

30 Figure 19A shows the 1mpulse response of the
network shown in Figure 16 when the terminal jacks of
the network are not terminated.

Figure 19B shows the frequency résponse of the
network shown in Figure 16 when the terminal jacks of

35 the network are not terminated.

-10-



partitioning of the signal processing function into an
appl i cati on- speC|f|c hardware accel erator coupled with 10 off-line

software in a gdg- Pur pose host processor. ‘Certain COBPRgdoordal | Y
I nt ensi ve sub- unctlons of the signal processing are allocated to the
har dwar e accel erator for increased throughput of the conbined

system 15 These enbodi nents of the invention are further

di scussed below with reference to the foll ow ng gures.

BRI'EF DESCRI PTI ON OFFigyres Q9ReShrgugh’ 20F shaoy g3dr4€'C?*Ps senstaligpionl
shar ed- medi um nepwoséveral baud ratesr 6n2tﬁ49QY@tvib:ﬂ¢’ ishiowd EnNBLYGFK

terface 1o 1 UeRbANR EALIINGLIRL e che motudthOULE Ao2NOVS 2

network interfaCe accor Or Pent g mrentron. Figure 4
illustrates an EX@EﬁFEYd#eﬁﬁ#nﬂqeﬁe processi ng of packet data in
conparison wth FiQuiedT 815 ighowisl BE shitb®é Vadtsa f;chHéte h&&ﬁﬁgdat a.

Figure 5 shows an_a [native.e t_of, the 30 nyent.i on_havi ng
mul tiple sets oP*F 3'5%??/&'3 ard hen%% réﬁgﬁﬂ?‘é’r%nﬂ the Heade?"a g%re 6
shows of f-1ine phRyhahdpdakressi ng perfornmed as part of a protocol stack.

Figure 7 shows an enpoghreniz howsDEMABLAEE 06 £l dik 3inlifgt BReCHAREN

i nventi on. phase and decoding the header.

10 Flgures 23A and 23B show a scale factor
constellation for use in the method shown in Figure 22
in comparison with a 4-CAP constellation.

Figure 24 shows another method of determining the
header information.

15 Figure 25 shows a sample equalizer training
sequence for use with the method shown in Figure 24.

In the figures, the same or similar components
appearing in multiple figures are identically labeled.

20
DETAILED DESCRIPTION

Accoxrding to the present invention, the signal

processing required for receiving or transmitting a bit

25 data stream from a shared medium is accomplished by a
processor independent of the network interface. Figure
3 shows a network interface 300 according to this
invention. Network interface 300 interfaces a host
station 350 to a shared medium 400. Shared medium 400

30 may physically be one of several media capable of
carrying signals, including copper twisted-pair,
coaxial cable, power lines, optiéal cable, wireless RF
and wireless IR. Shared medium 400 supports a multiple
access protocol such as Ethernet. 1In addition,

35 embodiments of this invention are applicable to
unconditioned wiring on the shared medium that can

-11-~



Fi gure 8 shows anot her enbodi rent of a DEMOD for use with a system
having nultiple carrier frequencies. Figure 9 shows partitioning
of the off-line processing into a hardware accel erator coupled to 5
sof t war e prved eu48886pr ocessi ng. Figure 10 shows a BOTAISes/H43lyr am of
an I npl ementation of the preferred enbodi nent of the I nventi on.
Figure 11 shows a bl ock diagram of the CODEC/ MAC 10 | ogic shown in Figure
10. Fi gure 12 shows a bl ock di agram of the denodul ati on

process showq..is; Fi g Seidle cﬁ«annel AEbEbEEic SHAWSnacBEOCK: diragr am of the
dat a nodul atlon grocess shown_in %ure 12. ure 14 shows a
¢ S earent Fign eacty

bl ock di agr aPPeRnehedhRItRoM1Ll IgR
Fi gure 15 shepadraobl scitibragoamche hé'ewuﬂdulta’tanefore edmmh:.zat:llargure 14.

Fi gure 16 Shaus el ypL a1 AP dBEOLke B0 each pBLAUGE A Shows the

| mpul se response o ownin Frgare 1 en all of the
termnal 5 QF&UR§koflt%e'ﬁ%FWGrRsagénﬁF%&%ﬁI%/éi?FﬁFﬁﬁFeﬂet of - Fi gure
17B shows th@qhaﬂ:ﬁweﬂmn rEamesersf foheevery peiiwoolf sbavdons. Fi gure 16 when
all of the t 3%[5% t rm nated. . -
Figures 18A t % %E m%f%&?;&ﬁﬂg ¥\@5&'[]‘[?,;@(} IEE.Qgiﬁrlh%orgseveral baud
rates on thedﬁépﬂﬁﬁﬁdsﬁ%WhlﬁﬁeF'§8F§1°n of gthis gopugenthéese@ thshal jacks in
the network @h@nnel psopRidion,cEguadisdr Bfaining, BhguHead&A shows the

I npul se rgsp £:5he twork shown in Figure 16 vvhentheterrrinal
j acks of 18 %%%egsf'ég ieca{:rlé’qﬁot term nat ed. gure 19B shows the

frequency respons&ignre e showsn&dmer kize® vl it serdaPeCiodsfrn the terninal
jacks of 35 thagkaet vPakswisions peesendtet. shared medium 400. 'In

Figure 4, data packets 404, 405 and -406 are '
transmissions destined for receiving host -station 350.

15 Data packets 411 and 412 are destined for other
stations connected to shared medium 400 and not host
station 350. Network interface 300 is- capable of S
receiving any sequence of data-packets. The number of

data packets received in a sequence is limited only by
20 the size of a buffering memory, RX QUEUE 207 in Figure -
3, and the actual rate 6f signal processing in station
350. Signal processing removes sample packets from the
RX QUEUE 207 and therefore reduces the number of data
packets in the buffering memory. _
25 Data packets on physical medium 400 are ' B —
characterized and treated as analog signals. The data
packet parameters used to describe the data packet
include a modulation rate, a modulation coding format,
and a data packet format. In some embodiments, the -
30 parameters can vary between data packets. In some '
embodiments, the characteristics of the data packets
are adjusted by the transmitting station-to optimize
transmission over the physical medium channel. . The
characteristics of the data packets may also be -
35 optimized according to the characteristics of the -
tranemitting host station and the receiving host

-12~



-10- Fi gures 20A t hrough 20F show a 4- CAP

constell ation for several baud rates on the network shown in Figure

16 where the twpWbhgks ] acks of the network are not - - pr operdotnisesinasvat ed.
5 Figure 21 shows a sanple data packet having a preanbl e and a
header information in the header and a payl oad dat a. Figure 22
shows a nethod of determ ning the baud- phase and decodi ng t he header.

10 Fi gures 23A and 23B, show a sc factor constellation for use
"n-the et hod SPGRTLPA- i GREUMOSALLON GF Ehen GhAkaricer A L ciaphs
constell ati on. data packét gimecIVess e taaoshértimy hethttfordet er m ni ng t he

header infornatipRygiling the FEHHfe 23RN 2188005 o aQHAl] 28le T ai ning
sequence for usé€ with,the nethod, sho

WQSSI n thure 24. . . In ttplg :
figures, the saf&a@EmiFring,stafmghans the hoghegrarirt AHNSING thegur es
are identicabl y dmhralcedrist?8s of the data packet for RigthimhinD DESCRI PTI ON

transmission.

Generally, a data packet contains a payload data
and a header. The header contains information about
the data packet. The header may include one or more of

10 the following: destination, source of the data packet,
modulation rate, modulation coding format, baud-timing
information, an equalizer training sequence and payload
data format. The payload data includes the data that
is being transmitted. The payload data and the header

15 < need not be identically modulated.

The time~line of processor 351, time-line 410 in
Figure 4, shows timing of the signal processing
accomplished by host station 350 after receipt of a
data packet. In Figure 4, the length of each packet

20 corresponds to an amount of time. For example, the
length of data packet 404 corresponds to the time
required to receive data packet 404 and the length of -
process packet 407 represents the time required for
symbol processing of the corresponding data packet. 1In

25 Figure 4, processing packet 407 corresponds to data
packet 404; processing packet 408 corresponds to data
packet 405; and processing packet 409 corresponds to -
data packet 406. Data packets present on shared medium
400 in time slot 402, data packets 411 and 412, are

30 ignored by most embodiments of network interface 300
because those data packets are not designated for _
receipt by station 350. Only time slots such as slots
401 and 403 of Figure 4 hold data packets destined for
receipt by station 350 and therefore those data packets

35 -~ 404, 405 and 406 -- are received for processing into
network interface 300. If data packets 411 and 412 are

-13-



According to the present invention, the signal processing required for
receiving or transmtting a bit 25 data streamfroma shared nmediumis
acconpl i shed by a processor independent of the network interface.

Fi gure 3WOBMESE network i nterface 300 according to t hPETUSIMMITant i on.
Network interface 300 interfaces a host ‘station 350 to a shared nedi um
400. Shared nmedium 400 30 nmay physically be one of several nedia capable of
carrying signals, including copper tw sted-pair, coaxi al cabl e, power
l'ines, opticalrégdiived m&ebewaﬂ: in neAndri iatessadd 30¥)ar ed nmedi um 400

SUPPOTLS 8 ML4El S onay AERSED PLUGRAGRIN PR ELOSHIR pledoRddiLion, 5

enbodi nent s of> nven Ion~are ‘a oned wiring on
t he shared nmedi um tReferedng to Figure 3, datpcparkets suahe@s @pbane

3" fs]E orti onf fosacneéug aoaf,- 4bs, 406,Chﬂlln%lnddl4%120£i:é%bi&ldecg&ﬁsbm ly be
ifferent for ea a t wor ref gre
equal i zat i on sta %da%r%é{aek’g &ﬁ:?i% éo?]f fé Q{'b& 8f g§§ each J’tpﬁ' 8h-the 5
network, i.e. whindh ceceiyencdatsa ypackats éﬁ'@ﬁt Sb'e\?e@fmedlu“eéﬂal grdt i on
paraneters fordﬂ&’aé Rder r@Eeﬂ*@&ld&’tSa packeEQUablﬁé’ééﬁfi rarret ers and
equal i zer traiping, ussed Ia tlon s _docunent
(see the é:‘ﬁ}f%e‘lonl‘gsf)ﬁfnﬁ#‘ﬁ 2 tzﬁzi 110 %ﬁél P d% 35 10
Processi ng sectéegijves transmit data packets from transmlt functions

10 of network interface 300 for transmission to shared

medium 400. The receive functions of network interface
300 include gated RX CODEC 303 and carrier sense and
header detect 302. The transmit functions of network
interface 300 include gated TX CODEC 305 and MAC

15 controller 206.

' Carrier sense and header detect 302 wonitors the
received signal from hybrid 209 and detects the
presence of a data packet on shared mediﬁm 400.

Carrier sense and header detect 302 then outputs a

20 carrierSense (CS) signal when the beginning of the data
packet is detected. Detection of a data packet on'
shared medium 460 is based on‘recognition of packét
boundaries embedded in the contlnuously received signal
from shared medium 400.

25 The beginning of a data packet is easily
recognized and extracted from burst-oriented packet
format multipoint communications over a shared medium.
However, some embodiments of the invention are capable
of recognizing and extracting data packets from a

30 continuous bit stream. One method for recognizing such
boundaries in burst-oriented transmission is disclosed
in previously cited copending U.S. Patent Application
Serial Number 08/853,683 entitled “Method and Apparatus
for Redﬁcing Signal Processing Reguirements for

35 Transmitting Packet-Based Data.” Methods for
recognizing the boundaries of a data packet in

-14-



Figure 4 shows tinme-lines of a series of data packet transm ssions
present on shared nmedium 400. In Figure 4, data packets 404, 405
and-406 are wobdgaReggm ssions destined for receivi.ng host st acirRiBesiais7 15
Dat a packets 411 and 412-are destined for other stations connected to
shared nedi um 400 and not host station 350. Network interface 300

| s- capabl e of recei ving any sequence of data packets. The nunber of
dat a packets received in a-sequence is limted inﬁucti)%' 20 the size of a

e

buffering nenmor FORRYNEPREEPDH ALEeaR Jipdwlation ing WARKIRI hee of
si gnal processi bgpundasiagi ofi packs35@ats griah pnbges ssynpol mamgensaspl e

packets fromthe, FéF%% gp?tﬁq,a%ggégaeaé@%%%t Juwnber of data |

packets in the buf mam)r%. . a Eac n physi cal nmedi um
400 are chascierreE PumR detertar designrdg eim@dmt@asg

packet paranbt efimhigaedstquéenses md harltdhg peak@iaries witH udeeabandul ation
rate, a nodul ati i . d p . l.n_sone
enbodi ments, the Blggga?g%%%ieérrzéaé%rnle\?q?)& SgP\g\gég?da %%%%%te{gg&lslllrglnsone
enbodi ments, t hERFALHE: ePi St | WS FATHETdaRa2pHRkEL stone qaxrigd) ust ed by
the transm tti ngystatl, 06rt 8 S@paridtee side-bafdsonssien el digylehysi cal

medi um channel . The. ct ekl st h ts may al so be 35
optim zed accor &Lﬁ%l 6 ﬁgé%'ﬁér gfclieeﬁxs%t%ie%gregf gf“ﬁ%&ﬁng&fp lrS'S(?lencgcrﬂntlt)%er‘?g host
stati on and1fhe dag@eparkgtaoErom burst-oriented multipoint -12-

communications over the shared medium.
In most embodiments, stations communicate by

sending short data packets. BEach data packet consists
of a header followed'by a payload data. Figure 21

15 shows a data packet 2100 with a header 2101 and a
payload data 2104. Header 2101 has a preamble 2102 and
a header information 2103. Header 2101 -indicates the
source and destination of the packet and possibly other
information. Header 2101 may also include a preamble

20 2102 having a training sequence to enable equalizer
training or a multi-tone signal for timing
synchronization. Each station has its own unicue
destination address. In addition, there may be a
designated broadcast address and a small number of

25 multi-cast group addresses. Hence, a single host
staion 350 (Figure 3) will have one or more destination
addresses of interest.

The proéess of decoding a data packet has a high

start-up cost. Before any symbols can be decoded, the

30 receiver must be trained to correct for channel
distortion and/or timing offset. The process of
training the receiver involves a large number of
multiply operations, which can consume a large number
of cycles on the host processor. 1In some embodiments,

35 training the receiver occurs when the network on shared
medium_4bo is started. Equalizer parameters

-15-



station. Optim zation of the characteristics of the dat a packet

I nvol ves the transmtting station predicting the channel
characteristics between the transmtting station and the host station
adj usti ng t hWOD9ME86 act eri stics of the data packet for opt PRIHE99/04437
transm ssi on. General ly, a data packet contains a payl oad data
and a header. The header contains information about t he data packet.
The header may include one or nore of 10 the follow ng: destination,

source of the gajrefankely a chaﬁﬁ@lylrasdéan HetlRen B4kt §5d 100 gFodi ng for mat,
baud-ti m ng I nf or mat.i on

er_traini sgquence and payl oad
data format. Tﬁ'éatp’a‘gﬂ%ftfedgFgr?ﬂc%gé%s wFakars ?ﬁ%tf& U3% i ng
transmitted. Thecpdinomathtaapacketsi helthawder epbodteentmt wheriedentical ly

nodul at ed. preambﬂg“éﬂdznﬁnhlﬂ&egfaFﬁfaiﬁiﬁgrsgéﬂenééfﬁédddﬂizéio in
Figure 4, shows tlm’e‘l% of the 5|gnal essg(gt acco Ilshed by host
station 350 af PERIPRGGFCUSE §OF © qi?ac?ﬁ Eomanating the | ength of
each packet 20 corkdgpocad netmrlammtharyre semeral Fa#a@mq)l &0 tihe

| ength of datas aﬁ&@élﬁ%tﬁaer&appwssxﬁmt Iiiértcéﬁ'@age of QM I@dal 0 receive
data packet 404 and the lLe

th ket. 407 ts th
time required Parke g’g b?'é%’é‘é%‘? r11lt:‘;)"”'”01"5l £ gg??%%’p?}hdlr%‘ %’i?g ;ackgt.
In 25 Figure dmbpdiesss mgapapkefon@kwlnsap@ndstrmrdmga on eaghcket 404;

processi ng packgle & Cayt%eiaeﬁée toe d?é di hlypaek@hém #41d negecessi ng

packet 409 corres ond

S é . 06 Dat a acket %fent on
shared nedi um statigp :ﬁ? HenBVetdt gﬁi‘l%%spﬁsﬁﬁfg e é??dﬁ:f are 30
i gnored by npshoenbmckndedt ouf that weration.cr Tade Béguires Bdedusdet hose data

packets are nol.designaRdindhe wheﬂe&elat n@e at ghérde 309 iddunseldi me sl ots
such as slots 401 and 403 8%9 ackets de i ned for

recei pt by st afPBnt2%p ShHaFPRe ?‘FFO edgf'gnﬁil&g?%eso%ln ° 404, 405 and
406 -- arels ecpaybodad alatr @d€4spngheader infoymanarhk 21A%yfadce 300. If data

packets 411 ang,ddgeA@ scussion of packet recognition, timing
synchronization and equalizer training is given later
in this document (see Channel Estimation, Equalizer
Training, and Header Processing). _

20 iIn some embodiments, carrier sense and header
detect 302 detects whether or not the data packet is
destined for host station 350.- In other embodiments
the determination of destination is left to off-line
processor 351. For discussion purposes, the data _

25 packet destined for station 350 is assumed to be data
packet 404. Methods of determining whether or not the
data packet is destined for host station 350 include:
reading a destination from a header of the data packet;
determining the destination from the timing of the data

30 packet transmission relative to other data packet
transmissions; determining the destination by
application of a fecognition procedure to the data
packet or a header of the data packet; or determining
the destination from other information received from

35 the transmitting host station. Application of a
recognition procedure to the data packet or header
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- 13- received for storage in network interface 300,

additional nenory is required in the storage buffer. Referring to
Figure 3, datayBagk@ss such as data packets 404, 405, 40Gcrafkdomuash 412
are received into 5 station 350 by hybrid 209. Hybrid 209 is a dipl exer

whi ch receives data packets from shared nedi um 400 and directs the

recei ved data packets to receiving functions of network interface 300.
Hybrid 209 al so , receives transnt_data packets fromtransmt functions
10 of network i ntHFYEE §8§ ueihg thg Jraidnation fpgpegontents ff, Kheo0. The

recei ve functi orteafemetrwprktioneréficthe dat30@aickekbude gated RX CODEC 303

and carrier sense ang petnBRadRéErd KRS imetPia acHigst faééféé A ddRRey of
net wor k i nterface 30Q i_nclude gated Ti(eé:(’e[ C 30 MAC 15 control | er

206. Ce?r’rqe&anéeﬁgé%ﬂﬂt 0er® YBG‘EPﬁBﬁF?oﬁ’é‘?‘{‘ e datagcej ved
signal from Bybrpatka®9 dsdddsteibedtire coperpliegeic 8. oPatemtat a packet on

shared medi um 43{:} lcat%w gl pRERSE. %gﬂléife%ﬂwuﬁé@?%gtzaéggsg NedbghPut s a

20 carrierSense nni_n packet is
det ect ed. Det ect t&a?é%ﬁ%’k‘é’ie% air Ps‘l%éﬁ‘éayrr@‘d?‘&hﬁ‘ﬂbo i s based on
recognition of p&fﬂ(ﬂiney Dobkahdr 5£36 aniedddd, idohhh®. cROl lowdy,s|Jadomcei ved

si gnal - fromanandA8d U 490nry Prasinski, assigned to the
' 10 assgignee of this application, herein incorporated by
reference in its entirety. This sideband information
can be used to identify the source and destination of
the packet in much the same way as an analogous header
tag or packet destination field.

15 ‘Further methods of recovering the destination of a
data packet include: recognizing the packet modulation
profile, destination, and source based on pattern
matching by well-known pattern matching algorithms
(such as VQ) of a fixed signal preamble unique to the

20 destination using a codebock of precalculated sample
data patterns, where the codebook is optimized using a

- elustering/training algorithm that builds a balanced
tree binary codebook; using a CDMA overlay superimposed
-in the same frequency band and on top of the modulation

25 of the payload data to create a subchannel for
communicating path 1dent1f1catlon and other header
information, such that thig subchannel resembles
background noise to the main payload channel; and
conveying header information in a frequency division

30 sub-channel separate from what is used for payload
data, such as one or more carriers of a multi-carrier
modulation. _ |

In one embodiment, a unique or hash value tag is
~assigned to a particular destination by a link-level

35 network protocol. That tag, which is shorter'than
would be required if the destination field itself were
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25 The begi nning of a data packet is easily recogni zed and
extracted from burst-oriented packet format mul ti poi nt conmuni cati ons
over a shared medi um However, sone enbodi nents of the invention are
capabl e WO 9p/8688Gni zi ng and extracti ng data packets froRFHUSSOMIAt i nuous
bit stream One nethod for recognizing such boundaries in
burst-oriented transm ssion is disclosed I n previously cited copendi ng
U.S. Patent Application Serial Nunber 08/853,683 entitled "Method and
Appar at us dofiedRaguC mBGu B GAR | it theshagadequis einlackar idbo

Transm tting Packel Basede B2 redAVAMIBalRhe.  THE AN Calle! DGy bOUNdar i €S

of a data pac
continuous bi tisstthemndspadnlated fuem Ghe: haader rpd iremparegowitlr i es of
packet data widne laysqgﬁeayabgé @Efﬂlﬁnﬁ'@&elvn.ngnsﬁﬁ:hﬁf si de of the packet

and detecti g ]gose &ggiequ etf 31‘31e geggc{:ﬁe 1g;le %ngg hg respond to

those 5 unlqu Yan oun arires w and fram ng
signal s CafrlEﬂﬁﬂﬂdﬂi@ﬁ&ﬂaﬁédf¥%qﬂ@ﬁ@¥e§|ﬂggibﬁt the(%ﬂQ%M?ﬁ§ e.g. one

carrier in a r@)datﬂlﬂnm&easaigh@a ta gj; &:ySbeﬁvowlﬁg&ﬁwrs&taelahds baqd carrier

| e-
43t a packers (S B SECAPNGHOBP IR GORAPCT 08 SRREARE BH8Cover t he

shared nedi umwith the reppiviedtsyslisedd #Bntbe b@%@¢¥nu;ﬂh@ﬁnﬁﬁtéare by

10 method involves less computation than would be required’
to equalize the channel (i.e., remove the effects of
channel distortion) and demodulate the destination
codes. Using these methods, the destination codes need

_ not be coded and modulated into the header in the

15 format of the payload data.

This latter methodoldgy exploits the fact that
host station 350 does not need to decode the
destination address of the data packet: It merely
needs to determine whether the destination address of

. 20 the data packet matches one of the address of interest
to host station 350. If the address doesn’t match, the
packet can be discarded without further processing.
Host station 350 does not need to determine the actual
destination address.

25 The method consists of two steps. First, a
channel estimate is constructed from a training
sequence in the preamble of the received signal.
Although a channel estimate may have previously been
determined for the channel, determining a channel

30 estimate on every incoming data padket gensitizes host
station 350 to different channel distortions over
different paths. A discussion of estimating channels
is given in a separate section, Channel Estimation,
Equalizer Training and Header Processing. In the

35 second step, for each destination address of interest
to host station, the channel estimate is convolved with
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sendi ng short data packets. Each data packet consists of a header

foll owed by a payload data. Figure 21 15 shows a data packet 2100 with a
header 2101 agﬂo s Payl oad data 2104. Header 2101 has a ppeRiiesas02
and a hea I nformati on 2103. Header 2101 indi‘cates the source and
destination of the packet and possibly other I nformati on. Header 2101
may al so include a preanble 20 2102 having a training sequence to enabl e

equal i zer nin | ti-t,one _si.gnal fo i m
synchronlzatlon %Ea8ﬁg9§3? Qé%gﬁﬂ?qﬁﬂ? Baﬂ%ﬁﬁﬁqﬁ% hecﬁégﬁnﬁaﬁﬁon addr ess.
In addition, thecepamgdbtoathe apfexipgiatedpbrbideasf tHudneseived a snal |

number of 25 rtb gaékegr OUpE 8&1{& @B 3¥¢erehBECBetFesl r\ﬁiee A3t angStaion
350 (Figure 3) w e or desti eﬁllon dresseﬁes I nt erest..
St.

The process of &@@oaﬁﬁ§1§¢ a.%Fﬁ) thas RehPyn2 thr%ﬂ Bef or e
any synbol s santhendecmndedh haee cﬂﬁ:umedel VEE nherebcestmalmaﬂdzn othenrect for

channel = i Staelhgpaapgdbple 14l i dbhoga The @{&&maﬁ. The L 2iNing

the receiver involves a arge nu operatlons whi ch can
consume a | ar ge PA@FEES °of cgpv ’§%t5ﬁ Fhénﬁﬁéteﬁ?ﬁﬁﬁ§§dp'h frheone
enbodi ment s, 35detsltahatmgntdn@dr&:aalofeunmearess whresl e orediywor K on shar ed

nﬁg[un1400 I's S%ﬁh&%@ongquﬁékffﬁ éﬁH*ﬂF%E%E% especially suitable for

10 efficient hardware implementation. In most
embodiments, however, the method is implemented in off-
line processor 351. '

In addition, for an appropriately designed .
training sequence, the process of constructing a

15 channel estimate requires no multiplication operations,
only addition operations. If a match occurs between a
destination address of interest and the data packet,
the channel estimate may be further used to determine
equalizer parameters, thereby training the equalizers.

20 Recognition of data packets destined for station
350 before further processing occurs is the preferred
operation of network interface 300. However, in some
embodiments network interface 300 can receive and hold
for further processing all data packets on the physical

25 medium. These alternétive embodiments require more
buffer memory storage than would otherwise be required.
The preferred embodiment of network interface 300
receives all data packets on shared medium 400 but
applies further processing ohly to those that are

30 destined for station 350.

One method of determining the destination of data
packet 404 is by examining a destination address field
present in a header of data packet 404. The
destination address field is optionally modulated in a

35 format different from the modulation used in the
payload of data packet 404 in order to simplify the
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representing a channel nodel between each pair of stations are stored
I n host station 350 for use in decodi ng data packets. In other

enbodi ments, where preanbl e 2102 includes a training sequence,

equal i zer 5 WP&Y/#G88R) occurs for each data packet received. PCT/USI04437 A

typi cal network may have several stations, so it I s possible that only
a smal |l percentage of the data packets will be intended for a given
station. In those enbodi ments that performequalization training on

gagh 10 regeimlté&ti@ypaﬁke&rriér isﬁeﬂy@atm heaeéi Cdeaiecftoeogoza? f,t ation’
50 to avoid trai,ning Lts ceiver S nqt. int.ende or that
station. This "fegltfuﬁsggl%ﬁaﬁﬁ? heemOducir%ézg'é%%vé% Hag ec?‘en%%r%élav%gflher or not a
packet is intediiness firdd nore exey esigbankfehan (weald §ral processing of

1]{3 pail ?ad daé&;it%_%ﬁ ﬂ;.i‘g:heal@@rdatrat Qfdaﬁbitopaﬁigﬁd md?idulatiblbl_r hmsﬁ?di scussi on
of packet recaognition, timng synchronj zat j an ual izer training is
given | ater &qbn %‘fi’lgnagc[ﬂ%%‘h]tar(ls%le aﬁiﬁ‘gsiﬁ%)ﬁ Nt %’%P%Eaa§??2er

Trai ni ng, and MsedespRcoratsefipciquy consteplabimnsnisddiedesedingarri er
sense and headgf qifred8heChod@Patitht Glethalgt BeEh ds sy, he data packet-is
destined for host_ station 350. |n other enbodi nent t he determ nation
of destinati orﬂ‘}asd’ﬁa&PFet"BmBﬁt‘f%%ém‘ﬂﬁaﬁFSEésggjfe%'fpeﬁgfua'i Stussi on

pur poses, the miditd-28rrperkecdefationed for sowat ¢wprRBENts.aovuned to be
data PRcKedetitioMebiRodstfipaiaiaty Worl, nghEet heradit inRly EBe data
packet is destined for, _host station 350 |§(r:%d$: o aglogg a destination
froma header THIPR d5Pa FATKERS Se05%8PS AFRATHY I9-EFed®nation fromthe
timng of the ekile30a gatkatRX rCORRA SH3okor shmple and ddgiisizdat a packet

transmi ssi ons; g 06! YadkatNdok NendlanidRatnen rh¥ul t ind vl ! sepetth 2
recogni tion procedure L_Lo t he dat a acke eader .of .t he_data

d r
packet: or det3 it MapLe Packec d’erét%é%egﬁ %Pgm (a)? $* CMPSIHRERER recei ved
from35 tl%e tstmsridatangapbsts siindaidy inppl geted GX QUERE 303rawdgnition

procedure to td&a datiqePdtkepadket @R ination off-line. Gated RX -16-
CODEC 303 converts from the continuous analog signals
- of data packet 404 to sampled and digitized
representations of those signals in the sample packet.
20 Gated RX CODEC 303 often includes a controlled gain
amplifier and an analog to digital converter.

In some embodiments, gated RX CODEC 303 also
provides some signal filtering and timing recovery
functions. However, in the preferred embodiments these

25 functions are shifted entirely to off-line processor
351. The sample packet, therefore, is in a format
ranging from being a digitized form of the analog data
packet to being nearly host station formatted data,
depending on the extent of the signal processing

30 actually undertaken by gated RX CODEC 303.

In the preferred embodiment, the sample packet
from gated RX CODEC 303 is a sampled representation of
the analog data packet 404. In other embodiments, data
packet 404 may undergo some signal processing in

35 forming the sample packet. The samplé packet is input

" to RX Queue 207 which holds the sample packet, along
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I nvol ves deduci ng the destination fromcontents of the header or
portions of the data packet. A net hod where the nedi a access

process can Cog¥eyssss Sideband infornation, conpl-etely separgifshisu@the
data 5 packet, I'S ‘c‘i%gcri bed in copending U S. Patent Application "A

Packet - Swi tched Miul ti pl e- Access Networ k SystemWth Distributed Fair
Priority Queuing", Attorney Docket M 5496 U.S., by John T. Holl oway,

Jason Trachewsky, and Henry Ptasi nski, assigned to the 10 _assi gnee of
thi's appl i cati or¥igieBEeNipHEY pErcR D Fample, pRgkehte 39 3endhitheet y.
Thi s si deband i ndamplst pagkets tana erawssxbdro 3isdedhi Eyatien SIBO cib>rand

destinati on of rttﬁe(?: gﬁ&bﬁ%lfé%ﬁ%&ﬁ&e A e\é@%ra%.i;gjéﬁo Q9 header

tag or packet defs‘%l nati gn Irt her net recovering the
destination of 50 reggiyegaeRel ohHdthrideqsdvsghrarryet PRSPk &%odul ati on

profil e, dess ngdsfivrmendheornensifise dreruipaid eignal prodeds ity o

wel | - known patt hi,n g {:1%5'@@5 S of fi fggd si gnal
preanbl e uni quee{%l{gﬁeél%g gggi[:i"ﬁé I on _uds‘idn?é:(aa%g'}gdgggg%bf Tl?eecl?a cul at ed
sanpl e dat a rumatted dakar &8t Hae G Red #ngpPrarested PIGaad '
clustering/trai "ddih aldg®aineth ihathduddtds padkritanged datatfeemdd nary

codebook; using &m%bq_\ée%eéfjge%ﬁ%wd I n the sane frequency band

and on top of thé at1 on ayl oad data to_create a subchannel
for com¥®ni cat i nFEeLeRsPEeA’l PRA IR PR PToER¥PTRE a@EfLerent

types. Processor 351 may be a dedicated firmware or
software processor implemented external to network
interface 300, or may be implemented on the same
integrated circuit chip as are other components of

15 network interface 300. Processor 351 wmay be firmware
or software implemented on microprocessors dedicated to .
the signal processing task or implemented on a shared
procesgsor that ie part of host station 350. Off-line
processor 351 wmay be a combination of firmware and

20 software, each implemented as above and each performing
portions of the required signal processing tasks. As
such, the off-line éignal processing performed by
processor 351 to transmit and receive digital packets
is provided by a combination of one or more of the

25 following: software or firmware executing on a
dedicated embedded processor, microprocessor, digital
signal processor, or mediaprocessor; software or
firmware executed on a shared embedded processor,
microprocessor, digital signal processor, or

30 mediaprocessor; and dedicated hardware performing
application-specific.signal processing. In the
preferred embodiment, processor 351 is a shared
processor that is part of host station 350.

Buffer TX Queue 208 receives from processor 351 of

35 station 350 a transmit packet for transmission. The

transmit packet has been processed by processor 351 in
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I nformation, such that this subchannel resenbles background noise to

t he mai n payl oad channel; and conveyi ng header information in a
frequency division 30 sub-channel separate fromwhat is used for payl oad
data, such awom9m6ssé nore carriers of a nmulti-carrier ROTUBNO0443M .

I n one enbodi nent, a unique or hash value tag is assigned to a
particul ar destination by a link-level 35 network protocol. That tag,
which is shorter than woul d be required if the destination field itself

wer e ; 'st?]ti%n 350 so that i g':?e7fe_rably is in the s#ne@cand
nodul ated i nto the header, is. dul at.ed

-égégu t he header_ of the received
packet. The hafPrwaft @ (thg sample RP3eYy A5 BE Qres (3 hdafer and
conpared with a digiteizstidatedpaakst of Alvermacévelyg sucithen dafa -
Alternativel V. ebfigad 3 18l de8h 1R HP Sk Npheker . daRRY,ALRA and | s

conpar ed agai nst el_ver station"s assigped tags by -convol ving the
station's tag Queug;3dp holds: Fha: FErRLY Wécgﬁgtn%??‘%n‘ﬂlqi}brmari ng that

with the recei pesvioudiot reiceivbd teatswit Paickekat and déndeetthet tovol ves

| ess conputati gn e qui Ughi d nnel (i.e.
renove the effgc?%égglfﬁnaq§ﬁgnﬁgﬁ'di%§§%%i?§h$gggg g%%ifkﬁ%ﬁ%;i?ﬁe
destination ingbrs agntzgligeseainiiBidiirers gBdt 2 rit9d?lc§8es need

not be coded aaflaTégluimfrgd coatrert&e. hedideoutputhef gated TX CODEC

10 305 is a transmit data packet, having the same format
as a data packét; which is input to hybrid 209 for
transmission to shared medium 400.

RX QUEUE 207 and TX QUEUE 208 may be any
combination of Memory incorpdrated on the same

15 integrated circuit'chip'as-network interface 300,
memory external to the integrated chip containing
network interface 300, and a portion of the memory of
station 351. An advantage to having buffer RX QUEUE
207 as part ofithe station memory is that the size of

20 RX QUEUE 207 can be dynamically adjusted to allow for
receipt of a larger number of data packets into network
interface 300.: | _

In the préferred-embodiment, the buffer memory is
partially coﬁpdéed by memory in the network interface

25 and memory in host station 350. The memory in the
network interféde is large enough to store a sufficient
portion of a sémple packet that the maximum latency in
transferring words of the sample packet to memory in
host station 556 does not result in loss of sample

30 packet data. The memory in host station 350 is large
enough to buffer bursts of sample packets from multiple
senders (other stations), where the burst length is
determined by higher-level network layef'protbcols.

For example, in Ethernet applications,'a memory

35 capacity sufficient to store 64 kilobytes of receive

sample packets will usually be sufficient.
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15 format of the payl oad dat a. This latter nethodol ogy exploits
t he fact that host station 350 does not need to decode the

destination a f the-data packet: It nmerely needs LprrRidlsENe
whet her the d?gélgyz%ﬁ%on address of 20 the data packet rratchesegne of the

address of interest to host station 350. If the address doesn't nmatch,
t he packet can be discarded w thout further processing. Host
station 350 does not need to determne the actual @~ destination address.
25" The nethod €ohkiaien setags 204pwonifpra:shared medidmdPOesti nat e
is constructed hhamiatéess Nvigrher soaeuUeBheri Statfomrasddnptsof the received

si gnal . Al t figate v ev] y
determ ned for ? %gggﬁgﬁﬁggn#et%%m%gtgﬁ é‘hgﬁne?ggbalﬂeg%%ﬁatl%%%%lévmy
i ncom ng dat a psekdisiensfersds IYscomparesathenanzleg Eigmelebeingchannel

di storti ons gvekransmitté@repingnicrk iAtdir§adesion ©f sl i&ﬁl@f:ﬂa'lg C$annel S
IS given in a separat | ' O . E | zer Training
and Header Pr oc%géPﬁg.geé%%&%%e%%g%g%}é%%dE@%ég,g&#%ﬁ%%cn g‘s%taelrr] Pi_on addr ess
of interest degepbsthetpresancy IRf obhsreFivyltageus Sramendiseddnwi t h

the encoded destinAath@ingddr&fsa &t 1188 cheSUAL cbBlisioatedchby the
appropriate porti.ong%f .the re eif/ed

data packet. J t.he .di fference
bet ween t he resfrP &ha® CUERE ré%g}§gglég%8np§3§%ﬁt|%'%61 “&“*RPeshol d
val ue 10 whether or not a data collision is detected. On some
shared media 400, it is necessary to remove
interference caused by an echo of the transmitted data
packet so that false collisions are not detected. One
method, the preferred method, for removing this echo
15 includes computing an echo replica of the transmit data
packet being processed and storing the replica in
buffer TX Queue 208 along with the data samples to be
transmitted. The replica stored in buffer TX Queue 208
is input to collision detect 204 through line 310 and
20 subtracted from the signal received from shared medium
400 that is also inputted by hybrid 209 to collision
detect 204, obtaining a difference signal. The
difference signal, which represents the energy _
transmitted from a second station, is compared to a
25 threshold level to detect a data collision. A second
method of canceling echo is to hold the header of
packet 404 constant for all data packets. An echo
replica is computed once, or in an alternate embodiment
synchronously sampled from shared medium 400 during a
30 prior transmission, and stored in collision detect 204.
Energy transmitted from a second station is detected by
subtracting this echo replica from a corresponding
portion of the data packet.
MAC controller 206 receives signal CS from carrier
35 sense/header filter 302 and signal CD from collision
detect 204 and controls the timing of transmitting data
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5 then a match has occurred. If there is no match, then t he data packet
can be ignored and di scarded. The process of convol ving the channel
estimate with the destination address of interest invaolves on

addi ti ons, MRPINESEhe process especially suitable for 10 e‘f@i"&”&’?ﬂ‘g%ar dwar e
I mpl enentation. In nost enbodi nents, however, the nethod is inplenented
in off- | i ne processor 351. In addition, for an appropriately
desi gned trai ni ng sequence, the process of constructing a 15 channel
estimate reqr}ﬁoe%hla&eguinéﬁﬁh&t cEd0 By @bﬁt&bl!)gﬁg the thito) )agaﬂdi-_tbfmf _

oper ati ons. rspdet tl.on a i nt er est
and the data ﬁggfgﬁﬁ& C8B€§é§% hnﬁgﬁgégtgﬁﬁ egﬁé%igig?fgftﬁgggég% to.

det erm ne oy eelilisiopafefreter204 cFepeBpta rRadhaty isheergadi P¥ers. 20 :
Recogni tion ofcaiati;@rpaﬁhgéﬁh@b&éﬁ R el 302 At MAD contrdilekebose f]thrt hegOO
processi ng.occurs is.t fer 0 tion.of..net interface :
However, iR séthEVSt e Bgé%}gté&r#e \%BPKB?%@?#?%%%J%&% \gg‘ﬁgr ecei ve and hold
for further preasketienfram THRueyn@08-s Bibrie 3 sitberefsreped®um These
al ternative erfidiciRels FE6MUEFndit® ing dhvkf efitdainaredsmeasga t han woul d
ot herw se be reoq)ui red. The preferred enbodi nent of network interface
300 recei Voo "al | data packets on shared nedi um 400 but - applies
further processi ngFiguyet b showe arhgmbgdimgut dek ttheednventient i on 350.

One net hotioozI i1 akneggﬁ@c@ﬁg it{ba'fsie@'arai SiadPed medi&CbﬁE:h%?? as by
exam ning a tinatian_a ess_f.l ¢ t: | ader ata
packet 404. 'Tﬁ':o""‘-’{1 a&ésf’li NafF o ad reggwgrﬁ gf’%?f&g “c')epé}'lughng I;s/?rr% ﬁ?%t ed in a
35 format dif fdiffierentofreaeened fandsoenushe same ighared pgdivad of data

packet 404 in g daigure 8, "Rbthork Niditerface components hybrid 209,
gated RX CODEC 303, carrier sense/header filter 302,
15 gated TX CODEC 305, MAC 206, and collision detect 204
are instantiated in multiple copies. ' Each of the

multiple copies'is connected to a different shared
medium 530 or use different frequenciés'on the same
shared medium 530. In Figure 5, the ﬁultiple copies
20 include a transmit/receive 510 and a transmit/receive
511 that are connected to shared media 531 and 532,
respectively. In general, any number of
transmit/receive multiple copies are possible. A
Multi-RX Queue receives sample packets from all of the
25 multiple copies (including transmit réceive 510 and 511
as well as gated CODEC 303), stores them, and transmits
them to the host processor 510 of station 520. A
Multi-TX Queue 508 holds transmit packets destined for
all of shared media 530, 531, and 532 and. transmits the
30 transmit packets to the corresponding a gated TX CODEC
(gated CODEC 305 or its counterpart in transmit/receive
510 or 511). The transmit packet and the sample
packets are interleaved in the queues, each of the
transmit packets and received packets'having an
35 identifier that identifies which shared medium 530,
531, or 532 that the packet is associated with.
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conplexity of carrier sense and header detect 302, as
denodul ati on of the destination address field nor
woul d be agobsyssgk Wi th the data packet payload no
optional nodul ation may involve | ower baud rates,

efficiency constellations, added codi ng, or dlffe

wel | as make the

e error resistant than

dul at i opcghgswadsy Such
| ower spectral
rent nodul ation

met hods such as QPSK, quadr at ure-anpl i tude nodul ation, spread-spectrum

I ti - dul d
data packet 404, whi EFSTE® b dmey S8 Set-L008 F oAk

on 10 detecﬁlon of
PTOSEPPLBR  sefBe and

header detect 362gure én@l@@/@&%@mcm@%ﬂ%ﬂmMmmm digitize
dat«'; ItoacketRX 4gséa933%ﬁa%é{]&ﬁ FeHlddtng 022 &é%é@%& 303, a%ogliaﬂgﬁe N

packe In ue er StOore da CKelLS I rec y -
into gated RX %cﬁo%oﬁh@atefﬁgﬁﬁg' p‘é%‘kre‘fdg‘@srt E? of f-1ine.
Gat ed RX 5 CObbr3832¢9nicon Fiiguys Bhe fankensols sawyley fwgmats of

data packet 4045h95388P PN BdY Hrled zs%@red lﬁeme%%u@tzo@nﬁnaf Tkhose

signals in the sanple acket

ften includes a

control | ed gai nQueueagpfin e‘?fég‘d'nefn P&’ﬁ&ﬁﬁﬁ"?o%ﬁm B Qs rPOdr .
In sone enbodi memrhasmibs eshbXl CQRBIEReRE3 tal SBMOD 6@k ain cefE-ddme si gnal

filtering and tigLAgdsEBEONEdY moad14RAbROBEe k@%vtrefanénﬂt:sh%rahgﬁ\%red

enbodi nents t heSe unctions are sh

| i ne processor

ntire
351. The sahPl e PFSKREE, Lo nEf Qusue 308+ n ggf‘ H‘t‘étpr ce§8q%4i%9¢/f r om bei ng a
digitized form ebrirbepandimng tdatprocessm-clasn bb IBigunce rieaid pzbﬁebsefat i on

formatted data, e 0 e |ﬁqu sing 30
actual ly undertal%en g 9?%‘;1%%95 rl.:CCDE)e é‘g‘g’%m%té&elé wall re érred
enbodi ment, the S§§ﬁ‘ﬁﬁ€epa@Re’cn a CW‘?‘&&PE&WM%G@‘% §°§t§aﬁﬁi ed

representatlon @k was previously discussed.

15 Off-line processor 600 includes a DEMOD 601 that
receives sample packets from RX QUEUE 207 of PHY layer
300 and a MOD 602'that sends transmit packets to TX
QUEUE 208 of PHY layer 300. RX Queue 207 alerts DEMOD
601 of the presence of sample packets to be processed

20 and DEMOD 601 processes the received sample packets
stored in RX QUEUE 207. DEMOD 601 completes the signal
processing of the sample packet that has not already

been accomplished and that sample packet is removed
from RX QUEUE 207. When DEMOD 601 has processed the

25 sample packet, the processed packet, now in host data
format, is transmitted to a higher level network
protocol layer such as TCP/IP. RX QUEUE 207 and TX
QUEUE 208 may be partially implemented in PHY layer 300
and also in off-line processor 600, as previously

30 discussed.

The signal processing rate required of DEMOD 601

or MOD 602 need not be that of receiving data packéts

and storing sample packets in RX Queue 207. For

example, in Figure 4, data packet 405 is being received
35 into RX Queue 207 before all of data packet 404 is
processed (see processor time 407). Sufficient
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t he anal og data packet 404. In other enbodi nents, data packet 404 may
undergo sone signal processing in 35 formng the sanple packet. The

sanpl e packet is input to RX Queue 207 which holds the sanpl e packet,

al ong WO 99/46886 - 20- WPERUBPO3Bus| vy
recei ved sanpl e packets, and sends the sanpl e packets to a processor
351 in station 350 for further signal processing. Processor 351 in
station 350 receives each of the received sanple packets and 5 perforns

t he remaining ﬁm&ﬂi&§ sbgﬂabvmeu:emmobm 207 et iaRIlR Rost fornmatted

date O S ST Roakea, palfUUBLEOpELE hisll (10 Blgogynd processec

conpati bl e wi tdestimeidofogsetatpon 350. Pﬂb@eéSGFaQSEW#Eycﬁbdéﬁé of several
di Her ent padiet telraagﬁitgegoﬁﬁfn Enared aededmcmwaésﬂlw; €oBr

sof tware processor, ment ed ext.er

may be | mgl e meF < %ngéﬁelgaﬁ%ntroﬁ r}ﬂaéar §f’g§e€| jl;%YJel tl"}p%:ji‘sa;(rae?)g?he?r
conmponent s of p¥otamilsoskchnaerTeR amgbhds apre@esb@lso‘e@mm@um r mvar e

g;oigfs tS \Aﬁg etl rrpA Fl. of Fmg@:@pwpesmndedicaﬁ@.dm De cﬁpbbmeSI gnal - f
i ask enen on rocessor that is part o
host station 33 SSiRg 2 aﬁ?ﬂ§%§?@&lgéfnﬁa€ b l?xﬁﬂ§hﬁat|onpof

firnmvare and 2Ehrquyhpm£regqeachd|¢ﬁﬂﬁhﬂen3§ﬂoak applicaticdre dohhpst f or mi ng
portions ofy t hee 4@ 32¢,SkHeh MEPIRS Tl L8RKE . thl the
transmission rate on shared medium 400.

MOD 602 receives transmit data from the higher
level network protocol layers, e.g. TCP/IP, encodes the
host data, and processes it into transmit packets. 1In

15 some embodiments, encoding the host data involves '
preprocessing the data packet consistently with known
channel characteristics between the host station and
the receiving station. Such pPreprocessing may include
bit mapping or trellis processing in order to mitigate

20 the effects of channel distortion. Preprocessing
functions, if used, are coordinated with the rece1v1ng
station’s receiving functions.

The transmit packets, after enching, are then
transmitted to TX Queue 208. TX Queue 208 signals MAC

25 controller 206 (Figure 2) in CODEC/MAC logic 603 that a
transmit packét is'ready. The transmit packet, under
the control of MAC controller 206, is then transmitted
through hybrid 209 to shared medium 400.

Figure 7 illustrates an embodiment of DEMOD 601.

30 Although the same functions can be performed partially
or completely by a hardware implementation, in the
preferred embodiment DEMOD 601 is implemented in
software utilizing the computing resources of station:
350. - |

35 Sample packets from RX QUEUE 207 are received by a
header processor 701 and a resampler 702. Header
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such, the off-line signal processing perforned by processor 351 to
transmt and receive digital packets I's provided by a conbi nation of
one or nore ofywhbssesy fOll'0Wing: software or firmware execycirRBodAdas
dedi cat ed enbedded processor, m croprocessor, digital si gnal processor,
or nedi aprocessor; software or firmvare executed on a shared enbedded
processor, m croprocessor, digital signal processor, or 30
medi apr ocessor; and dedi cated hardware perfor m n%{i appl [ cat | on-specific
erpp

si gnal processi MFOAEFEOKe 701 UBeR IRALL ML & bE is a
shar ed procekse paekiti 40pathatfidurstifit aheosodbfe station arBJf fer TX

Queue 208 recei Vgs REOGRSSRE 351.]3]% toé?l sthakl onpd Sm packet
for transnm ssion. 1B transn}t 5“been r%%%gss% gﬁrgcessor :
351 in used as an index into a modu atlon pro 11e ta %ﬂ%&%ﬁ 350 so

that it preferahy ars al]Jteh:‘hat$'a€Eelda¢®J.ment f tieaderaprobessan Pl paelset hel d
I n RX Queue 207’31 Ts in 5ﬂedhg%&éf dyg%%e% §L §£r5%%é§?%gj another
dat a f or mat e used In ransn1 packe uf eue 208
hol ds the transmiiclysipst 2arbagned t pstimats.e @ 668 pLregualiery r ansnit
packets and sendsodfifi®ilefts and gatﬁdl@(;maaé_caa%freqh&dgﬁ?ééma@&%
o ol oo S ALLREE 084 S S, PACcBufhS] ok

10 700 functions and addltlonally may be stored into a

modulation profile table 711 for future use.
The data in modulation profile table 711 or the
~direct output of header processor 701 provides

parameters to control several functions of DEMOD 700

15 and are inputted to a timing recovery 703 and an
equalizer (FFE 704, DFE 705 and slicer 706). In DEMOD
700, the equalizer is a decision feedback equalizer
with adaptively chosen parameters comprising a feed-
forward section FFE 704 and a feed-back section DFE

20 705. Signals in the header are also used to provide an
initial baud phase timing estimate which is input to
timing recovery 703. Timing recovery 703 controls
resampler 702 which corrects for offset between the
sample rate of gated RX CODEC 303 of physical layer 300

25 and the actual baud rate and phase of data packet 404.

In an alternative embodiment, the equalizer
coefficients computed by header processor 701 are made
such that the function of adjustment for baud phase
offset of resampler 702 and the function of receive

30 filter 707 are accomplished in the FFE 704.

After the sample packet data passes through
resampler 702, it enters RX filter 707. RX filter 707
conditions the receive packet data by including matched
filters (for limiting the frequency range of sampled

35 signals and shaping modulation pulses) and a gain
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10 305 is a transmt data packet, having the sane format as a data
packet, which is input to hybrid 209 for transm ssion to shared nedi um
400. RX QUEUE 207 and TX QUEUE 208 may be any conbi nati on of
Menory i ncorwop%468ss on the same 15 integrated circuit chi PEHUSHERDr k

I nterface 300, ‘menory external to the integrated chip containing
network interface 300, and a portion of the nenory of station 351. An
advant age to havi ng buffer RX QUEUE 207 as part of the station nenory

}S that the _Sic%?it}?‘falzﬂul%ﬂ&rfgfoloEfégacbfnﬁlyali(lﬁfﬁﬂdt| Yods] bﬁtﬁd to allow
i g'[ erfac;eggbgig%alathg&gﬁﬂt %e p?(r%ltraaf'g‘rerlegkgﬁ%%%?%"ﬁefi,i%ﬁéeﬁhr?;r nmenory is
partial |y conposedIbythenprgferraenhodibert i shawnt doe Figurend, menory in
host station %ec!ﬁsn'%rﬁﬂagﬁcl inﬂ@f'i@féhd'kdlt%{fré?ﬁtlﬁsof arge rennough
| atency i digparsier noie, demaely i8chrar B baed Motromory [ n
host station 3s@igden feedbashlequalizersconprsigdne fe@d-farwarddata. The
Packet s 1 om M o b e ot oL o b st | ongt h
P2 et o mSHE T PHPGHRSE Ry RSP SURY 3 SeseppLichea B o S 0
i n Et hernet apllterattdns, metedsmrincdndingasi dgciaifon feedtbacgkstore 64
ki | obytes 19f rRfrRI1MGer hav il o RRERESrWALE s8eteldny dReastihéstent.
S22 equalizer having no feed-back section. The parameters
of feed-forward equalizer 704 and feed-back equalizer
705 are adaptivély chosen in adapter 712 in order that
the removal of intersymbol interference by the
15. equalizer is optimized. The equalizer outputs a
corrected data signal. '
The corrected data signal is input to slicer 706
which determines the decoded data symbol value based on
the corrected data signal.  Adapter 712 inputs the
20 corrected data signal from the equalizer and the
decoded data symbol from slicer 706 and adjusts the
parameters of FFE 704 and DFE 705 to optimize the
functioning of the equalizer. The parameters of FFE
704 and DFE 705 include multiplier coefficiénts of
25 implemented transfer functions used to model channel
‘distortion within shared medium 400. In some
embodiments, the adapted parameters for FFE 704 and DFE
705 are stored back into the table of modulation
profiles 711, to provide for adaptation across
30 successive packet transmissions, and may be supplied to
timing recovery 703.
In the preferred embodiment, the decoded data
symbolé are further processed by a Viterbi decoder 708,
a descrambler 709, and a Reed-Solomon decoder 710. '
35 Viterbi decoder 708 uses a well-known algorithm to
perform maximum likelihood sequence estimation on the
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Col lision detect 204 nonitors shared nedi um 400 and detects whet her
some other station attenpts  transmission at the sane tinme as station
350. Normal | y,woooudgsyd | i Si on detect 204 conpar es the anal og ycggbodags7ng S
transmtted by network interface 300 to the signal bei ng received by
network interface 300 in order to detect the presence of other

si mul t aneous transm ssi on I ndicating a data collisi on A

col l'i si onDet ect ( CD), [ out t fromcolligsi t ect .204

Sl cat g 10 aReREed st E ndihe Skt cERaHL6R onfaith d5 e 1385x
shared nedi a 40006i.t Pesarambter y7Q2) neyeyses thelﬁf@@‘ﬁél’@’l@_ caused by an
echo of the traQﬁE&Eb Qngﬁﬁ scraﬂﬁﬂéﬁﬂhéﬁa Eﬂaﬁhéai§£héﬁiﬂ'ﬁBdﬁT&téEe not

det ected. One e ferre for Vi n is echo 15
i ncl udes conput |tr?g 88h5£ "r% ‘%hg?‘ﬁr gﬁ %Ia‘?aa 1%5‘[‘?5‘ket bei ng
processed ané stRaadngommoneqbwmr I¥10 usegf Wellmmmmmngowith t he

data sanpl es topb&form E{»faﬁ%éff‘éhtﬂ?ﬁ urs%bl eadﬁﬁ@a@@ mrbctwféoaresTX Queue
208 is inpuf_to co

I on de 204 t hrou e 310 and
subtracted fromihé& ﬁﬁ?e?’é% V@%Pq‘lt’mtshgf*gg %c#‘?ﬁﬁ T 785 af‘ﬁat is al so
I nputted by hybme@dzselbmonodiéq:csdm 710 aget epti@fd]l, clidiimmiyndpen usieflf er ence

signal . The il feher g8 af'?f@éesé’ﬂgc*&ha‘iﬂrSﬁth?héﬂﬂec ergy

transmtted fro a se sta I s “conpar ed reshold |l evel to
modiul ated

detect a datf c d xdakR ARpears r’ﬁ?t REdrereivertet? (RF%ho is to hol d
t he header of beqaasleethéOdamrtshmungmnt alf| deéaddupandeetZ00 Amye bRO

replicais Cowpq;lgg.egnggtheﬁt'&@ég BdfANRLE . EMRRAL RN 5 geq SYNChr ONOUSI Y

sanpl ed from sharé Ium 400 during a 30 Erl or transm ssi'on, and stored

in.collision det®iosgs use oE NV tRFR HecRreredof roay LUt &h8tion is
det ect ed by mebbnfadbcmgmﬂnlﬁeeairm:kr epualtdzér oMo E. Caln aﬂ-m)ndi ng

- portion of gHge %ﬁ%&e&%@&eéﬂbod?mﬁnt éﬂ%ps ﬁgﬁ g£8§ ég¥§é S signal CS

fromcarrier 35 nse/ header ter 302 a n on1c | i sion
: employed can be specialized to each sampled analog
packet based on information decoded from the header as
previously described. These decoder and filtering
functions provide further decoding and error correction .

20 to improve the effective bit-error rate of the receiver
function. The decoded digital packet is then passed up
to higher-level network protocol layers.

Figure 8 illustrates an alternative embodiment of
DEMOD 601 where multi-carrier modulation is used.

25 Sample packets from RX QUEUE 207 are received by header
processor 801 and resampler 802, where the packet
header is used to locate a modulation profile stored in
modulation profiles 811. Modulation profile 811 stores
parameters needed by timing recovery 803, FFE 804,

30 multi-Viterbi decoder 808 and formatter/descrambler
809. After timing recovery 803, RX filter 807 and -
linear equalizer 804, a block of time domain samples
are transformed by fast fourier transform FFT 805 into
a block of frequency domain samples representing phases

35 and amplitudes for multiple carriers. Each carrier is
further demodulated by a set of Vitexbi decoders 808,
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detect 204 and controls the timng of transmtting data

-23- to shared nmedi um 400 by controlling the throughput of
gated TX CODEC 305. Wen a data collision is detected . by collision

det ect 204 owoa9/des8& packet is sensed by carrier sensePEBH44Et ect
302, MAC controller 206 5 prevents gated TX CODEC 305 from processi ng data
packets from TX Queue 208. Hybrid 209, therefore, is prevented from
transmtting data onto shared nedi um 400. Figure 5 shows an

eﬁgod' rrenth of &he fd}?’%QEPOEaaéglefapaﬁiee &fsuﬁ.teﬂﬂgﬁééi‘hg:ﬂ gu%e‘ga&aéssha][ ed
medi a such as ocal _and a w.de ar wor k_shar.e m or of using
different fre @Eﬂ“ﬁné@rgn R 'g‘?aﬁ’ﬁés sfﬁalbgg nﬁﬁﬁ‘ﬁﬁat Blréﬁ' Prgure 5,

net wor k i nt er f caericomponeet sefigbnatte@)@nd desguemble’X BODEC 303, carrier -
sense/ header fféfnﬁt&@%de&éraﬂﬁi@ﬂ 8-@§ C@E@ §99ns Nhfa %Qﬁnst%'lﬂaﬁﬁ?&ﬁ' si on

detect 204 st ant ti
mﬁl '?lcpl e cobi e%el? nggf’ ‘g ‘élﬂﬁ ﬁl?' gﬁ%?%odescmrﬁ?& 6% g%% or use

di fferent freqnmimllaa:s.onnprhéllenﬁtored dmameduietiomBlfiles Blyure 5, the

mul tiple copies 20 pj gqluuéﬁaeﬁréaémallﬂe%%ebretééolmﬁanr ggsnit/receive
511 that are connected_to shared rrecl_l féf espectively. In
general , any nePRYE} %ﬁ Figure 9. igure 9, o ine processor 600

is partitioned into a hardware accelerator 3900 and an

10 off-line software 901. For example, certain processes
such as those performed in Figure 7 by resampler 702,
RX filter 707, FFE 704 and DFE 705 often dominate the
total computation but consist to a large degree of
repetitive multiply-accumulate operations. These

15 processes can be implemented in hardware accelerator
900, removing the load on a host processor that
implements off-line software 901. The throughput of .
off-line processoi 600 (Fiqure 6), therefore, can be
increased by this combination of hardware processing

20 and software processing. Alternatively, all of the
required off-line signal processing can be accomplished
in hardware. ;

In another alternative embodiment, gated RX CODEC

303 (Figure 3) comprises additional signal processing

25 in order to implement digital signal filtering
sufficient to reject spurious signals outside the
frequehcy'band for transmissions on shared medium 400.
In yet another embodiment, gated CODEC 303 also
comprises additional signal processing to resample

30 between the clock rate of gated RX CODEC 303 and the
actual baud rate of the data packet. This additional
processing can reduce the size of sample packets that
need to be stored in RX QUEUE 207. In these
embodiments, the most time consuming portions of the

35 requifed signal processing are accomplished in off-line
proceséor 351.
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transmt/receive nultiple copies are possible. A Mul ti-RX Queue
recei ves sanpl e packets fromall of the 25 multiple copies (including

transmt recei nd 5% as wel | as gatediCODEC 303) fuRbdisaadrnem
and transrri'tsvvgg;}‘gsgse%to the host processor 510 of station 53 A

Mul ti-TX Queue 508 holds transmt packets destined for all of shared
medi a 530, 531, and 532 and transnits the 30 transmt packets to the
corresponding a gated TX CCDEC (gated CODEC 305 or its counterpart in
transmt/receive  Inzp a(ﬂdlﬂ-ﬂ?)‘alTﬁ@b?ﬁiHF@Hﬂ the percssgingecSanpl e
packets are intgatshy gshdketshErgncRESqueas 2@/ (Higjures 24,1 anse) tapdcket s

and recei ved pagke Vi . 35 Le L gh shared
modi um 530, ¢ 9558 BT Eee éfhgﬁgé cpafible Bt hat TS0 .
- 24- ~ higher priozityyithag QFI f5S t e @raqessedstanar - processing. In
Figure 6, a gCODEC/ MAf LY GricRBelre pmBo@DMEnE Al ddfier se&eesanand header

detect 302, gat 0 | 1 LsiQ ect, 204, 305, MAC
controller 206 gﬁﬂg%q;%tf }féé f(F EI g%u} Q%& ?%]tlﬂ' :.on gs&g% orm at
physical |ayer $Bigare 2} drunetienRkoQueniston 7skanedr Xledlquéégef@% in '

of f-l1ine procesgge ﬁQQsezf@é %%13@7whichttﬁ | {rit SFEHCwhepket s . t o DEMOD
601 in off-1ine rocessor atl 602 .al so trransmts transmt

10 packer s o TERRBAIE 5 &) Fﬁ&sw%c%%% 5O o00et” ot 38

detected prior to transmission of a transmit packet,
carrier sense and header detect 302 and collision
detect 204 treat the noise as a data collision and
direct MAC controller 206 to delay transmission of the
transmit packet. Therefore, network interface 300 can
15 recover and reschedule transmission of transmit packets
on detection of significant noise on shared medium 400.

In some embodiments of the invention, when no data
packets that are directed toward station 350 are
present on shared medium 400 (as in period 402 of

20 Figure 4), no sample packets are stored in RX Queue 207
and no processing is invoked in processor 351.

Figures 10 through 15 show block diagrams of an
implementation of the preferred embodiment of this
invention. A block diagram of network interface 1000

25 is shown in Figure 10. In Figure 10, CODEC/MAC Logic
1603 includes the hardware required to receive data
packets from shared medium 1400 and transfer them to RX
QUEUE 1207 as sample packets. In addition, CODEC/MAC
logic 1603 receives transmit packets from TX QUEUE 1208

30 for transmission as data packets on shared medium 1400.
DEMOD 1601 performs the necessary symbol processing
functions required to receive data packets from shared
medium 1400 and MOD 1602 performs the necessary symbol
processing functions required to transmit data packets

35 over shared medium 1400. An interface 1010 represents
the incidental interfaqe logic required for the host
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correspondi ng to processor 351 of Figure 3 or processor 510 of Figure
5, can be inplenented in hardware, in software, or in a conbination of
har dwar e and sof twar e, as was previously discussed. 15 Of-line
processor 6090 pamsBR¢des a DEMOD 601 t hat recei ves sanplRECTHSINGM3T f r om RX
QUEUE 207 of PHY | ayer 300 and a MOD 602 that sends transmt packets to
TX QUEUE 208 of PHY | ayer 300. RX Queue 207 alerts DEMOD 601 of the
presence of sanple packets to be processed 20 and DEMOD 601 processes the

recei ved Sa”PLEaPBS%eEé opera%taoﬁegwbﬂc R4 dee?9 600 DM RO P! et es the’

si gnal pr ocessi 2:? sampl e packet that has not already been
acconpl i shed JHEueR 2%4&rﬁ51delﬁ3&ket is renoved from RX QUEUE 207. Wen
DEMOD 601 has processtidig Hap2ementpt fopaddEMOD 1601 pand edaRdlgxket, now in

host data %%; 1e@tteraaqmateaa£@ Godu %@&akﬁﬁgloﬂ%ﬂprﬂsst pr ot ocol

| ayer such_as may be partially
i mpl enent e¥ i AEPECRay X %da%ﬁls'@( QVE&%JlFPﬁeafﬁ' ocessor 600, as
previ ously 30ifiptementsi in the memdhy of gulsd hmstcesationrate required of

DEMOD 601 t v . and
storing sanple pag/ﬁ'}?@p ngijl&leuebg%&&@ dﬁg{aﬁcgaﬁp @'Prlu?c IQl'%g\f&re 4, data

packet 405 islB8fng I E8GRKY3BOARY o ﬁ@@ﬂﬁ]@tfo?rﬁeﬁf%?%l‘éﬁq Yat a packet
404 is pr agesaefivé s [riaeessThe t preselits) ofSuhéi digitized data

- 25- 10 packet is detected by a carrier detector 1101. Carrier
detector 1101 alerts control 1102 and the'digitized
data packet is routed to RX QUEUE 1207. In transmit
mode, sample packets are received into TX QUEUE 1208
and, in response to signals from control 1102, sent to

15 A/D converter 1113 and then to shared medium 400.
Collision detection is accomplished with echo canceller
1108 and carrier detector 1106 that ocutputs signals to
control 1102. Queue 1109 and queue 1110 hold control
parameters for echo canceller 1108. Adder 1111 '

20 subtracts the echo generated in echo canceller 1108
from the digitized data packets. Carrier detector 1106
monitors the output of adder 1111 and detects the
presence of a transmission from another station. As
was discussed above, the presence of this transmission

25 delays any transmission from CODEC/MAC 1603. '

' Figure 12 shows a block diagram of the DEMOD 1601.
Sample packets from RX QUEUE 1207 are received into
header demodulator 1201 and into data demodulator 1202.
Header demodulator 1201 demodulates the header of the

30 sample packet in order to determine the demodulation
parameters Data demodulator 1202 performs the symbol
processing required to convert the sample packets into
host data packet format. Header demodulator 1201 also
determines that the received data packet is destined

35 for the host station. The data in host data packet
format is sent to queue 1204 that is part of interface
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buffering is provided in RX QUEUE 207 to handle a series of data
packets on shared nedi um 400 that are destined for station 350. The
average rate Ofodwless packet transm ssion on shared nedi urscttfsosieassri ned
for 5 station 350 is controlled by higher-Ievel network protocol s such
as- TCP and is a rate bel ow t he maxi num t hr oughput of DEMOD 601. DEMOD
601 shoul d be capabl e of processing at a rate sufficient to achieve the
t hr oughput require .t he networ plication,i st 10 stati 350,
whi'ch may be rrué‘r?y%oa%Fg?ﬁ%nl(E%'e kCRathclhﬁ? 'sgghﬂ FR2 ’B?F%Wﬁseg di um

400. MbosgOdatacpacksta s ansnit data fromthe higher | evel

network protocol |lay@iguré f3 didid Rne 88 rbACimpl edtiatd@iA orand
processes it into trgnsm.t $ackets. In_ 15 sqne enbgg:':nentqﬁ’gq a;fodl ng the

host data invol a2 dempdulator JA4G2, Which,is SipkERr fhd TRy with
known ché&nnelemodalatoesi shows ietRigpwreshd hodt8stalatm and =~ the
receiving stati QlmodisleBE CPEOS AN IR, SoARPYEL 1301 P14 SERRI NG OF
trellis processing in order_t{o mtigate 20 the effects qof channel

distortion. PrefBesd agualizeyf3Ghnd decigien, fepdPIo AURIAEE Wi th t he
recei ving stimoidagn'siicereivofhg Vitebiodecoder 1309, Téhandalammpperpacket s,

af ter encodi ng, n ' P t q@%“n 1 08
signal s MAC 25 clglot%r %Pﬁe?eiﬁléé FI gurlegc_g;d' i%r%E &%g{)glg:‘f ocsxg%e ltﬂ’ ﬁgta a
transmt padRet Bhasecs¥pckerel L RIAIGSOREPUL RER}LOTing ARG dBPMSEI of MAC
control |l er 206, tcs riekanpleansd0l i edParametereugbnbydlling®Ohd o shared nedi um

400. Pl lcat kb b b 8450 ALiERROdBREh 2k &y 30 Al though
e pe or conpletely by a

t he same functions can E ornmed partially C
har dwar e i npl engofdiles, 71h e 811 i% dfignred 2ndedi Bk Ar ORIy 6es |s
i npl emented in inpwtef twatke utaticus EurvrionspuEi tihe riekesk ciiagramstiat i on

350. 35 A ePISKC! 8ol [ 081 IRE UGF A vELEE LR ISP LRy 1n NEATES

processor 76'f a a resanpl er ] ) o )
_ processing symbols is optional in this implementation.

Figure 14 shows a block diagram of MOD 1602

(Figure 10). Data in host packet format is buffered in
queue 1401 that is part of interface 1010. Modulator

20 1405 converts the host data into sample packet format
and transmits the sample packet to TX QUEUE 1208. MAC
ADDR 1403 and path 1404 supply modulator 1405 with
appropriate parameters to modulate the host data packet
in response to the host data packet itself. These

25 parameters include parameters describing the
transmission channel between the host station and a
receiving station. _

Figure 15 shows a block diagram of modulator 1405.
Modulator 1405 includes a scrambler 1501, a bit mapper

30 1502, a trellis encoder 1503, a precoder 1504, a
transmit filter 1506, and a header generator 1505.
Precoder 1504 is optional and the host data is either
processed through bit mapper 1502 or trellis encoder
1503 depending on parameters input to modulator 1405

35 from path 1404.
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- 26- processor 701 uses signals in a header prepended to
data packet 404 that identify the source station and I nt erveni ng

channel characteristics. These signals are used as an index into a
nmodul ati on PVOPIAES& able 711. 5 In an alternative enbodi nRRUSIHERer
processor 701 uses signals in the header to cal cul ate a set of
paraneters I ncl udi ng a channel estinmate, a set of equali zer
coefficients and a tim ng phase and frequency esti mate. This set of
parameters is thepansad B iganionl BRMIA 73 TEAOnihact aed Headdraddi tional |y’

may be stored into a nodul ationppgﬁgé'éi%{abl e 711 for future use.
he

The data in nodul ation profile tabl di rect output of header
processor 701 provides parameters to control several functions of DEMOD-
;82 15[3)F EagdSare I nnaw%wdams iﬁle"ii'ﬂt@ 8¢ tRDOVEIvEntQdnawilanbe usefjual i zer (FFE
, and. slic ~.Ln . 70Q. . lzer is a decision
f eedback e uaf”ilggriocae{ vﬁﬁeﬁ} g&&ﬁ"lg%v%a%ﬁ énglqﬁa%gﬁeggggié:%%pri sing a feed-
forward secti conReEtgdovanl prepxdgt bag ktwiahadh paprEtebepfome  Signals in

tehte_ he?de\fl\har ﬁ«i&hﬁg vsed ek ifetdederasmall Kudikiedk.baud1lpkése tim ng
controls | FELERPE b P aptemr Eer PRLEE Y grPeEbplbteeh The  sampl o
rate of gatedcBRXdDODEEA08ningppspraventydistzotion of the '
~ 10 signals, these applications often use unconditioned
wiring that can result in severe distortion of data
packets. In order to decode the data packets, the
distortion must be corrected by equalization of the
data packet signal. The nature of the channel
15 distortion will generally be different for each pair of.
stations on the network, so the equalization parameters
will be different for each path on the network.

The stations communicate by sending short data
packets. In most embodiments, each data packet 2100

20 comprises a header 2101 followed by a payload data
2104, as is shown in Figure 21. Header 2101 indicates
the source and destination of the packet and possibly
some other information used by the interface system.
Header 2101 also enables timing synchronization for

25 decoding payload data 2104. Payload data 2104 contains
the data used by the higher OSI layers (See R. L.
FREEMAN, TELECOMMUNICATIONS SYSTEMS ENGINEERING, THIRD EDITION
(1996). In many embodiments, payload data 2104 is
modulated according to a pre—negotiated modulation

30 scheme, however payload data modulation information may
also be included in header 2101.

In most embodiments, before two stations exchange
data they perform an initial training routine to
characterize the channel distortion, train their

35 equalizers by determining the parameters to be used in
the equalizers (see Figures 8 and 9), and negotiate
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25 and the actual baud rate and phase of data packet 404. In an
al ternative enbodi nent, the equalizer - coefficients conputed by header

processor 701 vaéh Go/sERELS such that the function of adjust npeirafsesdssaud
phase of fset of resanpler 702 and the function of receive 30 filter

707 are acconplished in the FFE 704. After the sanpl e packet data
passes through resanpler 702, it enters RX filter 707. RX filter 707

conditions the recejve, packet data b i ncl yudj n rg;ch filters (for
limiting the frBgdetRyt eréfaSPt?ﬁﬁp d‘“%’Sl‘%Jr@%a‘T %?S‘Pélﬁapu ng modul ati on
pul ses) and a gaffiiciency. This training procedure is Pérformed only

control nU|t'plégrnE§%tcﬁBrf¥Hé RS @H¥nf£ﬁ£ *ﬁﬁé Mnaiti bggﬂ %%rough t he

channel of share r ef erre nt shown in
Figure 7, cORFRCEFIHING H%FQF‘?}%BG? F ?e?‘?%tr’é?ﬂ?e may P§§HF’E‘9%fa%
di spersi on is taelthired nunlerneofoppbkebted b§ome embadHmeatsntiatnback

equal i zer CoﬂprEﬁén%ﬁ%?ﬁﬂﬁ%?éﬁ@&@celptegfaéééﬁrd négg% oteed-back equalizer

(DFE) 705. ment's, ~equal I zat i on acconpl i shed by
al ternati-ve methods M?%#%RﬁqK?9¥qG§cF§P5H°1e@@A@kuﬂFQHYCQéqESBP%EFeﬁav|ng no
feed-forward seabt@ssOto acld n@afwork. eqniyidne Satdith may’ eednbatk section.

The paraneters at a time with the MAC determining which station is

10 transmitting at any given time.. In most embodiments,
MAC does not provide any information to assist in
determining the source or destination of the packet.
The source and destination can be determined only by
examination of the received signal.

is A primary problem is that when a signal is
detected on shared medium 400 (Figure 3), neither the
source nor the intended destination is known to host
station 350. The source and destination are encoded in
header 2102, but header 2102 cahnot be decoded without

20 equalization and equalization requires prior knowledge
of the source and destination (so that the
predetermined channel characteristics can be used).
Another consideration is that the header decoding
algorithm must have relatively low computational

25 complexity so that the cost is minimum if destination
detection is implemented in the hardware or there is
low computational cost if header detection is
implemented in off-line processor 351. This precludes
performing the more sophisticated analysis carried out

30 on payload data 2104. Another consideration is that
header 2101 should be as short as possible to minimize
the overhead associated with data packet throughput on
shared medium 400. _

The primary source of channel distortion is

35 incorrectly terminated lines in shared medium 400. An

incorrectly terminated line will cause a reflection,
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of feed-forward equalizer 704 and feed-back equali zer 705 are

adaptively chosen in adapter 712 in order that t he renoval of

i ntersynbol interference by the 15 equalizer is optimzed. The equalizer
outputs a WORHHBBLted data signal . The correct eBCHYSRBYnal is
i nput to slicer 706 whi ch determ nes the decoded data synbol val ue
based on the corrected data signal. Adapter 712 inputs the 20
corrected data signal fromthe equalizer and the decoded data synbol

fromslicer 7Q@taBduathdSdchddic in theainpwlss rerfpdnse ZAd awveddd 705 to

optim ze the fupctioni f e Lze eggm ter.g, FE

704 and DFE 78§lﬁ'ﬁcfﬁd%g$m%%ef% ngg# |_%‘!§e§1 st% c |gfm':)l e?r]éﬁ'{rgg transfer
functions used6t shawaetyrinshaesidengial o¥viving waedh AssalrEed nedi um 400. In -
some SWBOQEE{_Eﬂhsm?‘dnﬁ aﬂ?mﬁg?iraananeﬁmﬁed aledifln 1660 apsiri¥ = 7_03
are stored_back,int e, t ahl. : e ,+.10 provide
for adapt aPi oﬁeﬁgPﬁgsf’?X)m% clglg%s F\gg.g gé%ﬁiéxggtartar%%h ggllhthinija‘z%%dl rimay be
supplied to bedrpamAglé@kokadropp3 1602, den 1§P3.hbedreesl r¥2PBrbodi nent,

the decoded daha ki}:cﬁé!ﬂbﬁ@.ar St&ﬁﬁbﬂﬁrs?élﬁ)%mtb)étaﬂfbie:{iﬂ Slfecode_r
o 720 IR ‘G AeRaER FOLSNEE L VLD
sequence esti jackenipnshaged medium 1600. 1In addition, statigms are
10 typically connected to several of the terminal jacks in
shared medium 1600.  Figure 17A shows the impulse
response between the terminal jacks of bedroom3 1602
and kitchen 1604 when the terminal jacks for bedroom2
1600, den 1603, and bedrooml 1605 are properly
15 terminated with 100 ohm resistors. Figure 17B shows
the frequency response between bedroom3 1602 and
kitchen 1604 when the terminal jacks for bedroom2 1600,
den 1603, and bedrooml 1605 are properly terminated
with 100 chm resistors. _

.20 Figures 18A through 18F shows a 4-CAP (carrierless
amplitude-phase modulation) constellation transmitted
over the channel shown in Figures 17A and 17B.. A QPSK
constellation such as 4-CAP or 4-QAM (quadrature
amplitude modulation) represents data being sent using

25 four symbols of equal magnitude with a phase difference
of 90 degrees between adjacent symbols.  Figure 18A
showe the 4-CAP constellation at 0.14 Mbaud, Figure 18B -
shows the 4-Cap constellation at 0.41 Mbaud, Figure 18C
shows the 4-Cap constellation at 0.68 Mbaud, Figure 18D

30 shows the 4-Cap constellation at 1.09 Mbaud, Figure 18E
shows the 4-Cap constellation at 4.35 Mbaud, and Figure
18F shows the 4-Cap constellation at 8.70 Mbaud. Other
constellations having a different symbol alphabet may
also be used on shared medium 1600. In Figures 18A

35 through 18F, the center frequency is assumed to be
equal to 0.8 times the baud frequency. As can be seen
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recei ved signal using soft-decision outputs fromslicer 706.

Descranbl er 709 reverses the effect of a correspondi ng scranbl er used
in the transmyo¥hsk@tor . - to whiten the spectrum of the tpcansyisasiat a
signal. 5 Reed- Sol onon decoder 710 uses well-known algorithns to
performerror correction using redundant bl ock codes. In the preferred
enbodi ment, Viterbi decoder 708 and Reed- Sol onon decoder 710 are

optional, and be_used n.t he ocessi ng chain onI when t he
10" denodul at eg%éSY‘aF%a%‘b‘é%? &%%ﬁug egggd \E')]ﬁ "S\‘ el “%EE’QH% the data
t hr oughput of depwmdudistort7idh ndpdicated hygtize sprdasuft kascd blnthéons. | n
some cases, ?ﬂbb?&ainqﬁf‘e Q'fon\ﬁtre‘i'ig'tlgﬁ?()dﬁit 7&%@)&%‘%5&%8&1&&9
use of decision dback equal. i 705. erred enbodl nent, :
the signal proc@EsPnd-ChRi nSteﬁ"r‘ﬁl’“S’?e&scﬁﬁlﬁje %‘f%%hilel 254eV8%8ach sanpl ed
anal og packbaulasate oshowrf.or mat i on decoded from t he header as
previously described D@éﬂﬁe%&nds&&&i'w the e‘éﬂﬁ?ﬁqnﬁa@mv' de

ec

further decoding and ror correctlon to I nprove t Ive
bit-error rate éf the retwrkemill bFuHE‘FFGﬁm‘?‘F%d e IRSPTFEGELY packet s
t hen passed up termifnatedherrigues nopwanl psRt=icow Hlmydimpulse Fi gure

8 illustrates a ]_eé%g J%Q e

mul ti-carrier Qggkgﬁ%gﬂ&i&%efus %%EQE g% ot t? 1\% E’Eﬁgﬁﬁnm? are
recei ved bylPeaybe terminat 8’§1b§ﬁH°P@%a£f)‘P%ra’Ebi‘lt\m@Pelﬁﬂé packet
header is used mehoenéetarnmmn glacks pifobedeostidrygbii,N den 160dY| ahdon

Pecovery 803 E’?’%%i*“?nb@@f% ¢ ftbaifatss, | mgBRLEIRateR‘ed bY tImNg
format t er/ descr &8gMapal Jage®. c%eeﬁttxpﬁgnﬁef%%%’é?%ﬁ'8G31t1'R5@“FFP9er 807 and
l-i near equal i zenulQ4, (pohhmlcﬂ)fldw rf&edﬂﬁacy seggdrese) in ahe transfornmed by

fast fouriefgtrag: g‘éﬂég\ FFJOSQ%?%)% | tude ?QI Qflk|%F°J rgguanepRgdonai n sanpl es

representing phas e carri ers Each carrier
is further GoRsialaretrmyt %stfcréaaﬁw tawegyg bedrooms3
. -29- 1602 and kltchen 1604 for baud rates 0 14 Mbaud, 0.41

Mbaud, 0.68 Mbaud, 1.09 Mbaud, 4.35 Mbaud and 8.70
Mbaud, respectively. 1In Figures 20A through 20F, the

20 center frequency of transmission is assumed equal to
0.8 times the baud frequency. As is shown by Figures
20A through 20F, the maximum baud rate for uneqgqualized
transmission of 4-CAP is somewhere below 1 Mbaud. For
longer lines in shared medium 1600 the baud rate would

25 be even lower. |

The process of acquiring and processing a data
packet includes three tasks: determining if the
destination of the data packet matches that of the host
station, if not the data packet can be discarded;

30 decoding the identification of the source and any other
information required to determine the
demodulation/equaliZation parameters; and acquiring the
correct baud phase (i.e., the correct sampling phase)
for demcdulating the payload data. The'baud-phase is

35 not known when a data packet is initially received
because the stations are not synchronized with a common
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one for each carrier. The resulting set of bit val ues, whi ch may vary

I n nunbers of bits across the set of carriers, are reformatted and
descranbl ed by formatter/descranbl er 809. The gains and constellation 5
depth for eaW®MMeBYi dual carrier are described by the PEHHE9AH430 N
profile stored in nodul ation profiles 811. An alternative

enbodi nent of the invention is shown in Figure 9. In Figure 9, off-line
processor 600 is partitioned into a hardware accel erator 900 and an 10

erformed i N P e 7 e e O e e 28 and DFE
performed in Figure res r Ilter , an

705 often dom‘?i%feé: ttl?eagmog‘tlg%g?e%}b%%lﬁy&toﬁgn%? keionnisS| s':?‘eto a |l arge degree
of r epet i tpnadenermiped- patametens opesactbon . offthanders 2303cesses can be -

i npl ement ed | n(FRfAaRe ) acgepREaiTe 21029095 (188 VESW B | oad on a host
processor that i Iegents off-line software 901. The throughput of
of f-1ine prsoce@gtﬁhré’%ze t8lre 6), therefore, can be i ncreased by this

combi nati on of har Eher prpregesef meRU sitdonohsesrhegsiert &39ilngt
Alternativel y,aald pileke®2100. T oft Rl ofi BeaddfNaloIP@CeSSI Ng can be
acconpl i shed | r%ggr way e. Lo _ano her'_%ltnt er native_ embodi nent, _
gat ed RX CODEC®VeTrh w?‘?ﬁéu?gf%‘}t%otlﬁlt ESUGBRRY | Yh PSP Hr B essi ng 25
in order to inghermshmedigint 2608 grfele fdowputahion cost of processing
: 10 header 2101 is also overhead which affects the cost of
the network interface 300 (Figure 3). In many
embodiments of this invention, typical payload data
'2104 sizes are around 100 bytes, 500 bytes, and 1000
bytes. Any size payload data 2104 can be used with
15 this invention. If payload data 2104 is long, the
-header overhead is not so significant. 'However, if
short data packets are being processed then header
- overhead becomes very important.
As stated previously, there is an apparent impasse
20 in decoding the source and destination: The source and
destination cannot be decoded without equalization, but
equalization requires prior knowledge of the source and
destination. There is also a difficulty in acquiring -
‘the baud-phase. Modems typically use a fixed-frequency
25 tone or a combination of tones at the beginning of the’
data packet to enable efficient synchronization. 1In
the case of a single tone, the absolute phase of the
tone can be measured and used to determine the baud
phase. For two tones, the relative phase between the
30 tones can be used. However, in the severe channel
distortion described above, there may bé deep spectral
nulls at arbitrary frequencies. A single fixed tone
can easily be attenuated to an unusable level.
Likewise, for a pair of tones, either tone could be
35 attenuated to an unusable level. Furthermore, for a
preamble that is short relative to the time of the
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sufficient to reject spurious signals outside the frequency band for

transm ssi ons on shared nedi um 400. In yet another enbodi nent, gated

CODEC 303 al SQyp gouegsd™Pr | ses.-addi ti onal signal proeessing topkpgRsae730

bet ween the cl ocﬁ rate of gated RX CODEC 303 and the actual baud rate
of the data packet. This additional processi ng can reduce the size of
sanpl e packets that need to be stored in RX QUEUE 207. In these

enbodi ments, the nost tinme consum.n rti,ons,of the 35 required signal
processing are 3OBERFEI SFRY i ﬂ‘%f‘fhﬂgﬁ”ﬁg ""’fﬂpﬁﬁﬁﬁgg‘bﬁ’e Jeife
- 30- dispersion thetrcadd tosrabtetbedphase mé&mmmmsm ng of

sanpl e packets from RX.g ereZ£;nﬁEh&u5ESW%YS3t° adﬁﬂg%er pr|or|ty t han

prioritized so that _sanp ets that _are”of
others are pr océ’§§€ael“?r ston% method woudg b&n&?h%?“‘én%o‘iﬁ%ﬁng carrier

sense and 5 heddaaldeithteddldy (Jeckete 3Thandqaalizstivh geiremiet204
(Figure 2) func Npko d f t r.esence of
noi se which m gtk‘TJtaQ"l nge?gggﬁﬁ??@&g tﬁgng%%é?gﬂ %gna]f &%h[i - acket.
When noise i s 1Gegedédrgest pihe heasax MWPéﬁnoilal‘i?a@ﬁ tthﬁéck‘éy
carrier sense anéshaaden Hedkcdongitaaidnadl komphaxity #iei aedst204 treat the

noi se as a dataGolLEslg0 &R0 ro cill Rk NACCIBMERL! S RS dipadel &y

transm ssion of 1
10 packet. This method is further discussed below.

Another method is to reduce the baud rate of the header
to a rate at which equalization is never needed, but
this too may result in a high data packet length
overhead.

15 A more sophistiéated method is to perform linear .
equalization at the transmitter. Assuming that there
is only one intended destination for each data packet,
the transmitter could invert the channel such that the
signal would not be distorted when detected by the

20 intended destination statlon. Hence, no egualization
would be requlred at the receiver. The signal would
still appear distorted to the other devices on the
network, but this would not matter as long as these
devices had a way of determining that the packet was:

25 not intended for them. The difficulty with linear
equalization, however, is that the signal to noise
performance can be unacceptably poor, especially when
the channel contains spectral nulls. 2An obvious
problem scenario is when one of the preamble tones

30 falls in a spectral null.

As an alternative to linear equalization, the
header may be precoded at the transmitting station.
(See G. D. Forney, Jr., and M.V. Eyuboglu, “Combined
Equalization and Coding Using Precoding, IEEE ComM.

35 Mae., Dec. 1991, at 25-34). Precoding is a non-linear
equalization method with near-optimal signal to noise
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transmt packet. Therefore, network interface 300 can 15 recover and
reschedul e transm ssion of transmt packets on detection of significant
noi se on shared nedi um 400. . | n sone enbodi nents of the invention,
when no dat aWO%9/4¢8¢kets that are directed toward station BSDUSI04437
present on shared nedium 400 (as in period 402 of 20 Figure 4), no sanple
packets are stored in RX Queue 207 and no processing is invoked in
processor 351. Figures 10 through 15 show bl ock di agrans of an

i npl enent at i opefedrienpecf eTherk ereodierepal ofii fferent typesesfi on. A bl ock

e vee Loci ml%rclé’dl%éoégl nc %}8es t%%edhlg?g\cl)var eﬂr}é@rglg %cgglné g I 2

CODEC/ MAC Log uiréd to recelve data
packets from mlﬁ‘eﬁhﬁnﬁlm%&n@r ARsRrEPTEPRIAGD eraliziggEe 1207 as
sanpl e packet shedderaddi ti on, CODEC/ MAC | ogi ¢ 1603 receives transmt

packet s frgm TX QJDE%E‘_’)%%%%BO%% e agﬁg ﬁé&oﬂea@se%‘tf%pﬁﬁ gts on ‘shar ed

medi um 140 orms t necessar processi ng
funeti ons reqLﬁmrpﬁlFé‘éé?Wé’%@ep&élﬁeFSSﬁlmg;rﬁ%@@l wourd grefn 1400 and

MOD 1602 perqué’r&dnlaq neﬁﬁ@él@éﬂh;ﬁ:‘ﬁﬂl@h with mngg_lfsueahtoeﬁereqw red to
reprosents GRREEPTCPRERTE? TORARER BEPHPEST LY SFoREr SERE oSt
-31- which coyﬂétb@rﬂxﬁfqmtaf@rne@%rman %’rfac?belegﬂl%md i ncl udes
10 factor cannot be determined easily or robustly by
analysis of the precoded signal. One might wish to
encode the scale factor using a sequehce of bits in the
header, but decoding these bits would be just as
problematic as decoding the source and destination
15 bits; it cannot be done without prior knowledge of the
scale factor. . ' '
One method of acquisition'has two components:
First, for timing acquisition, a linearly equalized
variable-frequency two-tone preamble is used; Second,
20 for encoding information in the header, Tomlinson
. precoding (or some other precoding scheme) with a non-
linearly quantized scale factor is used.
Figure 21 shows a data packet 2100 for use with
this method. Data packet 2100 has a header 2101
25 composed of a preamble 2102 and header information
2103. Data packet 2100 also has payload data 2104.
In this method, preamble 2102 comprises two tones
separated in frequency by one-fourth the baud rate.
Other separations of the two tones are possible. The
30 two tones are linearly equalized at the transmitter to
correct the channel distortion for a single
destination. The resulting preamble, therefore, has
length'of about 28 symbols, including tails from the
linear equalization. At higher baud rates (e.g. 10
35 Mbaud) the preamble may need to be lehgthened.
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queues 1204 and 1401. In this inplementation, DEMOD 1601 and MOD
1602 are inplenented in software code operating on the host 5 station.

RX QUEUE 1207 ¢ 9o/dsissQUEUE -1208 are i npl enented.in the mpeRiugosaiaaizhe
host station. Figure 11 shows a bl ock di agr am of CODEC/ MAC | ogi c

1603. In receive node, data packets are received into Al D converter
1112. The presence of the digitized data 10 packet is detected by a
carrier detector 1101, Carrier ector 1101 alerts control 1102 and
the digitized da?%ep%’e%’cef*%’ Péutt Eonex WEFE AN PA¥nsmi t
node, sanpl e padi€ferafer remsh \pedy wifo déXiQeEUR 1268 netwoankd, Bn response

to signals fro gs&%go,%réﬁ)&qf% drdskn af/ Br&Ougy tﬁﬁnel%&%haeﬂet hen to

shared medi um 4 si'on detection is corpl i shed w,th echo
cancel | er 1P93eghive opF i maximizdogo Fhe1 869RRh L RPFS TR s to
control 11025 QUSNR) laﬁgtmd:e:pﬂu&rllla'hbotndixﬂ:mtf:ﬂiquencypa.tsapathrs for

echo cancel | er HEBQPdom tél &J\i]ai]rl%% ggﬁt ériet S% G ?et d i n echo

cancel l er 1108 e digitize ata _pac ector 1106
noni tors the ouPBdE-of E¥ERIHVER A1 S&YGr&éﬁ’eéHt?ﬁ"eed ch d& éf a
transnission fraighlet pesbabhbd itdat Ahere widk dx*ﬁ@tu%eﬁieaimmy taBe presence

of this transm [ C/ MAC 1603.

Figure 12 shoms%gl&gﬂo g ﬁgaégamjeg?étl% %E%Dg %ﬁi&m anpl e packets from
RX QUEUE 1289 are recHeadedn 4-71*1?‘6"'“3‘:1%3&813 danpenabin Presedednd-FAPo data
denodul at or 12020Bsk) &eesaiaviamnddort ekahplé, dznvﬂuﬁwm t otheader of the

30 sanple paCk%teﬁ%gomf rh c%q%ezrlrg:sngn]hhsrgg‘ggfléjlﬂ parameters.

Dat a denodul at or orm; rocessi ng reqU| red to
convert the sarrwecpuﬁn‘éf—‘@ imtan mlbaeélt ta‘aﬁﬁl’@%c%’%ﬁtp fdiematthereader
denodul at or 120hetwd®k is iteltcialiwesl.t hat the received data packet is

desti ned 35 for thegggﬁ sﬁgtékﬁﬂ% ameaetgghaoknrggéwﬂ?gI 3, Ragket f or mat

is sent to queue 120 'S, pa
-32- packet, determlnlng the baud-phase, and decoding the

header. Data packet 2100 is received in host station
350 (Figure 3) at step 2201 (Figure 22). As was
previously discussed, destination and source data is
20 included in header information 2103 and preamble 2102
comprises two tones mixed with a prearranged mixing
frequency and linearly equalized at the transmit
station. In addition, header information 2103 has been
precoded. Note that data packets are received from RX
25 Queue 207 (Figure 3) if processing is accomplished off-
line or from shared medium 1600 if header processing is
accomplished in the hardware on-line.
Baud-phase estimation is accomplished in two
steps. PFirst, a rough estimate is obtained using the
30 relative phase of the two tones in rough phase
estimation 2202. This step does not require knowledge
of the preamble mixing frequency. Second, a fine
estimate is obtained using the absolute phase of the
tones in fine phase'estimation 2203. The second step
35 requires an estimate of the preamble mixing frequency.
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1010 (Figure 10). CRC checker 1203 al so receives the host data packets.

Figure 13 shows the preferred inplenentation of dat a denodul at or 1202,
which is simlar to the data 5 denodulators shown in Figures 7 and 8.

Dat a derwaded/easss 1202 i ncl udes resanpler 1301, a feed-PCT/USIH@44}Rr d
equal i zer 1303, a decision feedback equalizer 1304, slicer 1305,
Viterbi decoder 1309, synbol napper 1306 and descranbl er 1307. Error
noni t or 1308 and baud 10 phase tracker 1302 provide output nonitoring and
I nput h%iﬁgpl:léis ]xﬁQ:"hodD ara%”&k@ﬁ:?a&é’rﬁétﬁn{ét'&g oNhe padlodul ation
process (shomn st

I'ation . es 711 _and 811 in Figures 7
and 8) are sh&hAsgscan be Q}Qﬁg Pﬁén9a$ éﬁﬁ? i? *of the block

diagramin 15 FlgUReuQB béﬂd}phasBFEstsﬁdteuRBGZtﬂad@madesoﬁhe u3Gh i n

processing sy hﬁsgplt:ééglflod '%hUW‘éléE‘N@'BHHé&t o@Nthe two tondd gure 14
shows a bl ock |ag Pam of % ta I n _host packet
format is Buf fid pgepgple zjcﬂ?eué”-fﬁ'e¥ t sy hfréoﬂfr‘{geof’ i AP8r PG 010.
Modul at or 20 fiéghenopyerTise tghmdeosstimate i 18 Eozmdp by puakeatimgrnu and

transmts theg rgbgsgaggeghé 'EérGUgtﬁbJEEE& Gsform”BPRH403 and path

1404 supply nD appr o rlat araneteri to nDduIate t he
host data pacﬁgpared receEess St f neXc raal: &1 ¥he These 25
paraneters i n&donde spacang! erm d:eﬁ.er eiaamglehe:he toneafissiyaehoy ihannel

bet ween ”iﬁ Nl 3hLaLEEP 8% paud' BEELYLAY S'AHMigh other
spacings can be used. Therefore, the rough baud- phase
estimate is given by

@, = (2/m)Phase (X, x(t)? e U4y, | - (1)
15 oo
' where x(t) is the real received signal from shared
.medium 400, the signal coming from the two tone
preamble, and f is the baud frequency. |
In fine baud-phase estimation 2203, the absolute

20 phase'of the two preamble tones is used and an estimate
of the mixing frequency is required. The mixing
frequency is 1n1t1a11y unknown to rece1v1ng host
station 350. The mixing frequency is estimated from
the power of the first derivative of the preamble

25 @signal, where the first derivative is estimated by a
simple discrete time filter H(D)=1-D. The ratio of the
average power of this derivative to the average power
of the preamble is approximately a linear function of
the mixing frequency.

30 To obtain the fine baud-phase estimate in fine
phase estimation 2203, the preamble is filtered with
complex-valued matched filters to obtain the baud-rate
symbols z(n). The phase of these matched filters is
chosen based on the rough baud-phase estimate. The

35 fine baud phase estimate is then given by
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Fi gure 15 shows a bl ock di agram of nodul at or 1405. Modul at or 1405

I ncl udes a scranbler 1501, a bit nmapper 30 1502, a trellis encoder 1503, a
precoder 1504,ua84q 686transmt filter 1506, and a header genepgRisookdadsy-
Precoder 1504 is optlonal and the host data is either processed t hrough
bit mapper 1502 or trellis encoder 1503 dependi ng on paraneters input
to nodul ator 1405 35 from path 1404. - 33-

Channel Estimation, Equallzer Tr |n|ng, and
Pr ocessi ng D Narldr enbddi¥FEnt PhASS rs%‘ﬁ‘)ér‘t‘?’bh will be used 5
with | ocal area networks having nmultiple stations connected over

preexisting tw aﬁggepfu st %hgpﬁgﬁlgmated\%ﬂ r}g_im e%'ureﬁé dence or snall

busi ness. Unli g ires the use of
condi ti oned wi r| ng t%e*b‘i%"(/e‘r’r'f ‘-Hi“?tt&F’Pl 03¢ 1% Hereep %q Gratbe t hese
appl i cati onss of teanﬂrﬁiatttm@rﬁﬁdﬂmedsmg mmli@séﬁlqireccmalhgsuirt sbme sever e

distortion of d3ifer pro8SkEl odiledl ebelardpostiediinglabentaskats: the

distortion nust 0%l'i 2301
known 1n the art. recoding provides near-optimal

performance without requiring the receiver to have any
knowledge about the equalization parameters. However,

10 the decoding step does require knowledge of the scale
factor for a modulo operation. In a typical point-to-
point modem application, this scale factor is known by
the receiver a priori. However, where the scale .factor
may be different for each source-destination pair and

15 the source is not initially known to the receiver, the
scale factor is also not known to the receiver.

_ The scale factor is determined in scale factor
recovery 2204. It can be shown that the first symbol
of a Tomlinson-precoded QPSK sequence can be decoded

20 without knowledge of the scale factor. This feature
can be exploited by encoding the scale factor entirely
within the first symbol. However, only a limited
amount of information can be conveyed in the first
symbol. If 4-CAP symbol coding is used, as is often

25 the case for the remainder of header 2101, then a scale
factor encoded in the first symbol can have only four
values. .

QPSK encoding involves a constellation of 4
symbols of equal magnitude with phase differences of 90

30 degrees between adjacent symbols. QPSK encoding is
either 4-CAP (carrierless amplitude-phase modulation)
or 4-QAM (quadrature amplitude modulation).

A scale factor having only four values is not
sufficient. However, a method of solving this problem

35 is to quantize the scale factor non-linearly in steps
of 3dB. Other step sizes may also be used. The phase
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dat a packet signal. The nature of the channel 15 distortion wll generally
be different for each pair of stations on the network, so the
equal i zati on paraneters will be different for each path on the network
The stati onsV@8%468%6 cat e by sending short data packet sPCHPSINBLE7

enbodi nents, each data packet 2100 20 conprises a header 2101 fol |l owed by
a payl oad data 2104, as is shown in Figure 21. Header 2101 indicates
the source and destination of the packet and possibly sone ot her

i nformati on ugedsh¥cédeive iiahtteatyoh esteps idHaotated1By¢ 30 SO enabl es

timng synchrqgnization dj I dat.a 4.. Payl oad data
2104 containsaegre%%é &é%gr%%@&ggggtéég%ﬁéﬁ%ﬁﬁﬁé§lq%a?é%@“(ﬁée R L.
FREEMAN, TELEBtwRERI 239 OTbesmaypibudncritte RGaleHEREE e aymyel  (1996).
I n many eUbOdgﬁeﬂﬁiceFﬁﬂé(ﬁg?ndﬁhae2694s§mbols ifdukatry weaduxli ng to a
pre-negoti ated nodul atio c Vier, .pa tion
informati o% rrﬁ?nsgeig?tszb&%'e Fﬁ‘%ﬁggﬁ“ﬁ‘%‘%ﬁ%ﬁe‘}ﬁz%ﬁ S16%44 ﬂl:I‘gﬁzlrt]a%rn)st
enbodi nents, bwf the khighestaFiosaibeRchegiitude afathet BEGCP®F orm an initi al

trai lﬂ! ng rogt 'bgepﬁ@ _signélh.aL FBeebbAgstéEativiniel ng&_icerﬁimruaﬁi rain It_hei r 35
equal i zers by, det e nini t he _parameters 1.0 ed.in .. the equalizers
(see Figures 8%%Rd% %nrg% Yh&@%?ig?éﬁgs’ el Entle 1S_A° - 34-
modul ati on padambtete the magnitudet af otlgmraale factor that can be

10 communicated. The only limitation is that the scale
factor can only take on guantized values (3dB in this
example) . '

An important characteristic of this method is that
the minimum distance between the transmitted value and

15 its nearest neighbors in the constellation is no less
than the minimum distance between points in the 4-CAP
constellation used for the header fields. Therefore,
the noise immunity of the scale factor is at least as
good as the noise immunity of the remainder of the '

20 header. For example, in Figure 23A the minimum
distance from a scale factor constellation point to its
nearest neighbor is 2.12, whereas the minimum distance
in the QPSK constellation shown in Figure 23B is 2.0.

Once the scale factor is known, header information

25 2103 can be decoded in header decoding 2205 and the
destination address recovered. In check destination
2206, the destination address is checked against the
host station addresses and, if there is a match,
payload data 2104 is decoded in payload data decoding

30 2207. If there is no match, data packet 2100 is
discarded in discard data packet 2208 and host station
350 begins to process the next data packet. '

Using the above method of baud-phase estimation
and scaling information results in a baud sync error of

35 generally less than 3 dB loss and a precoding scale
factor quantization (affecting header 2101 only) of
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efficiency. This training procedure is perforned only at start-up tine

or when the line conditions change. Once training is conplete, the
stations may Qddpesd an 5 unlimted nunber of packets. Sopgrgedapiisfent s
train the equalizer on recei pt of each data packet. Mul tiple
access control (MAC) protocol regul ates access to the network. Only
one station may transm t at atime wwth the MAC det erm ni ng which
station is 10 transmttln at any |vent|ne I n nmost enbodj nent s,

MAC does not priRARic-haly 3% JPREri ofRe WL Jage signadefRr RPHFRg t he
source or destilrﬁséornaieddahngahbader 210TThis shexeford, des@Bnat Imon can be

deternined only, by:esq ﬁf@f&%h%iﬁ%ﬁi‘@aﬁ@%&’ﬂx@' d%ﬁlbl %Pty in

pri mary problemls t amgn on s ared rredlum400-
(Figure 3), nel‘??\%‘i’d:'t% headeg,gi( noTl‘f‘?'F%glﬁ‘H%d@i‘“d‘é?PPﬁﬁt ion is known to
host stai OéBB:ﬁﬁb.ti'B‘te ispwtepsandopeshd 220N, FHor erangrd, i May header

2102, but headeg 2102 canpat 1'%%&%%%%%%&9&% &%n%q“abhﬁgég%‘?l nation (so

equal i zation requ es prior know e e source _an
t hat the &ing (R %ﬂﬁéFlﬁﬂﬁ%%t’é?MF% g Adgdticeal .
Anot her consi def@él QIPYZs & hatimiheg bgﬂdean@@whmuon alegaamgnmmt have

relatively | ow ﬁg ‘?’.ﬁ ﬂrﬁled2§o ogpja?%dfé(céﬁ ﬂégtémgagggk Is mnimmif

desti nati on on 1S 1nMp eman re or there is
| ow conput a4 onal cd%‘%rwg Hdgddpigdpsctraining seqyensecREntlE in off-1ine
processor 351. détwork c@dulestatiopechoaihs o tdleariile mdaphi sti cat ed

anal ysis carri eu?ﬁi%e AT g:fi%él Qﬁgnﬂgiaﬁ%%@éﬁ})séﬁ}%%%énﬁaﬂ%gg{gﬁéOn I S that

header 2101 sho EOSS > e over head
associ at ed wi t hPeleweepatiaalt mndughpuet obhe othgpmst@tdeapum The.
The primary souek&n®él alivdulelisdistbeeti (Seé SAsthoduleiioaCblryfikesi mat ed | i nes

in shared gdi ud0Q; Al pigd:2605" 886! ¥) ST ARLGS LS BhLkegpuse 2

refl ection,
“training” the equalizers.

An alternative method of header processing, shown
in Figure 24, involves modeling the channel for every
received data packet. Data packet 2100'(Figure 21) is

20 received in receive data packet 2401. In this method,

- preamble 2102 (Figure 21) includes a destination tag
and a training sequence. The training sequence is used
to obtain a channel modellih calculate channel estimate
2402. The channel model can be used to either decode

25 the destination tag and compare that with a set of one
or more addresses that the station receives or each of
the one or more addresses that the station receives can
be encoded using the channel model for comparison with
the destination tag.

30 In Figure 24, each of the one or more addresses is
convolved with the channel estimate in step 2403 and
the result compared with the destination tag in step
2404. 1In step 2405, if there is no match then host
station 350 (Figure 3) checks to see if all addresses

35 have been checked in 2407. If there is a match, data
packet 2100 is processed in a process data packet step
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I ntroduci ng echoes in the inpul se response and spectr al nulls in the
frequency response of the channel. Figure 16 shows typical residential
Wi ring used. as shared medi um 1600. In Figure 16, shared nmedi um 1600
forms a 5 néWQ8Y468¥aving |lines ternminating at termnal jacRGI/Y§§9/04437
bedroon? 1601, bedroonB8 1602, den 1603, bedrooni 1605, and ki tchen
1604. Stations such as host station 350 (Figure 3) are connectable to
each of the termnal jacks in shared nedium 1600. In addition, stations

are 10 typicglby Coppechok 1 $8VaRakhOkith e aiidiebs] a6k ddta  shared -

medi um 1600. Figure 17A sho th respons etyween the termna
jacks of bedr &8f5eteEa™ P %thenl‘[§6me5ﬁ1eli? hé? ?é’?m \r/]\g jacks for
bedr oon? bﬁaﬁpeaemodﬁbiina}am refivediandossed &optspinl QEM@ter m nat ed

with 100 ohm rgsi %b@&ﬁre&)gtg& theB pRausY 1nf6ﬂﬁﬂ°1ﬁ:@iunOQY(F:B§L&§é’lse bet ween

bedr oonB8 1602 and 0 n the t cks_for bedroon?
1600, 8en 2430§3n,R8 ‘%%‘&?‘ﬁ-&?% %6% 5?8%?%3&%4}% SPESREREER i th 100
ohm resi st ors.2198. Fi gures 18A through 18F shows a 4-CAP (carrierless

anpl i tude- phase W%ﬂhakwmlﬁgp Lahébl OR predradid 2ad2 rem@¥€s the channel
shown in Figures 17A and 17B constellatlgg guch S 4-CAP or

4- QAM (quadr atfdred °raﬁ15?¥¥lﬁfé‘ Eul"ﬁt FBR) ¢ e dsen ei ng sent
using 25 four mdedlgl shefefopml aragiet gueam@mse;rmm ¥nowWRrence of 90

degrees bgpweqn. g geQEqﬁé(ﬂwl %‘195&@“&3 dB8éws a sﬁﬂ@&"é £PRiA1k\P
constell ation at ure 18B
sequence e tral 1ng sequence in Flgure 25 is

repeated some number of times, i.e. 3, in the preamble.
Methods of conetructing a channel model from such a
training sequence are well known. _

15 If the training sequence is a periodic sequence of
period N where N is a power of two greater than or
equal to the maximum channel length, a calculatlon of
the channel model that often involves only addition
operations can be performed, greatly reduc1ng the

20 computatlon overhead. For N=4, 8, or 16, the training
sequence may consist entirely of QPSK'(4-QAM or 4-CAP)
gymbols and the channel estimation requires only
additions. For'N=4, the training seqﬁenCe may also
consisgt entirely of BPSK Eymbols using a constellation

25 of 2 symbols of equal magnitude with phase differences
of 180 degrees. For N=32, the trainihg’sequence may
consist entirely of zero-interleaved QPSK symbols or 8-
PSK sywmbols. An 8-PSK symbology has a constellation of
8 symbols of equal magnitude with phase”difference of

30 45 degrees between adjacent symbols. For N=64, the
training sequence may consist entirely of 8-PSK symbols
and requires only a small number of multlplicatlons for
constructing the channel estimate.

Computing the equalizer parameters from this

35 channel model however, is computatlonally intensive.

A destlnatlon tag in header 2101 can be checked by
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shows the 4-Cap constellation at 0.41 Moaud, Figure 18C shows the 4-Cap
constell ation at 0 68 I\/baud, Fi gure 18D 30 shows the 4-Cap constellation at
1. 09 Moaud, Fl shows the 4-Cap constellation at 4c3rishrawsd. and
Fi gure shovvs the 4-Cap constellation at 8.70 Maud. O her

constel |l ati ons having a different synbol al phabet may al so be used on
shared nedi um 1600. In Figures 18A 35 through 18F, the center frequency is
assunmed to be equal to 0.8 times the baud frequency. As can be seen

- 36- comparfipngnthegdestinmnamtaggwithra sele @hidies i ntroduces

sonme distortion a(slsmsﬁ%taadwbyhtme sttt ieach of dhfatch sasd@l,s in the

constel l ation), L ror od| of con eI I a nis
st.ill possible a g‘ dg?;ig%lo?a tatlon requlrer‘g g::]A"Igver,

several of the tml:@ler] aakgmetem ranmécrlm/@;hk efual lurvt-%rm nat ed or
incorrectly 5 ffdpcakkead. RoE&r€8atl % «'ﬂnﬁsl&BcﬁBaw é&@ali’ﬁ&ﬁl%
response and fren‘%u%% response,. respecti V‘if’ %ee 10 e t.ern nal
j acks of bedroo eXRd2k Pt BRB R Wﬁéﬁrf" iR 3 MOHLTIORs of
bedroon? 1601, derrflides lepi-up taieybbdﬁxmam"oslar esunseslmwrat:ed The

unt er m nat ed Fif{F8Nd ah@cks cause strong reflections, introducing

nul ' (pot nts of "o {1 cqlehey { e28p05%) I Al ke FJEE cug P 0UTES 209

10 invention only. Variations of these examples which are
obvious to one skilled in the art are within the scope
of this invention. As such, this invention is limited
only by the following claims.
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constellation for synbols transmtted between bedroonB 1602 and kitchen
1604 for baud rates 0.14 Maud, 0.41 Moaud, O0.68 Maud, 1.09 Moaud,

4. 35 Moaud and 8.70 Moaud, respectively. In Figures 20A through 20F,
the 20 centwp994688suency of transmission is assunmed equal PEFUSINFIY tnes
t he baud frequency. As is shown by Figures 20A t hrough 20F, the maxi num
baud rate for unequalized transm ssion of 4-CAP is sonmewhere below 1
Mbaud. For | onger lines in shared nmedi um 1600 t he baud rate would 25

be even | ower. The process of acquiring and processing a data
packet includes three tasks: determning if the _ destination of the data
packet matches that of the host A%, if not the data packet can be
di scarded; 30wedetathhng the identification of the source and any ot her
information required to determne the denodul ati on/ equal i zati on
paraneters; and acquiring the caorrect, ‘baud phase (i.e.,, the correct
sanpl i ng phasd) A netverkdRF@ALACPNECT R B8R SiFtdeRa. SR M \phase i s 35
not known when a data packeaieiveri dnteafiged aneiavatiared bedium,e thee st ati ons

are not synchronizsﬂa¥£& famnggﬂneCFin% the receiver to a set of -37-
cl ock. The baud- phase mnus e precisely determned in order, to

denmodul at e the payrvamswit Sualiicgs fapable ph FIPIEALEEING A ARHIESs. A
section of header g#Odata packets over the shared medium, the

10 receiver receiving a receive data packet and
generating a sample packet based on the receive
data packet, the receive data packet being one of
the series of data packets which is designated for
receipt by the host station;

15 a receive queue for holding a plurality of
sanple packets, the sample packet being one of the
plurality of sample packets in the receive queue;

an off-line processor for processing the
plurality of sample packets held in the receive

20 queue into digitized data receivable by the host

' station, the off-liné processor processing the
sample packet independently of the receiver
processing the receive data packet.

25 2. The interface of Claim 1, wherein the receiver
comprises:

a receive CODEC, the receive CODEC receiving
the receive data packet from the shared medium and
creating the sample packet based on the receive

30 data packet, the receive CODEC functioning only
when receiving a trigger signal; and

a carrier/header detect connected to the
receive CODEC and interfaced to the shared medium,
the carrier/header detect generating the trigger

35 _ signal upon detecting the receive data packet.

-48-
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(Figure 21), a preanble 2102, is used for baud 5 synchronization.

The process of acquisition uses header 2101 of data packet 2100. The

| ength of headgg ogddlds | S over head which affects the throgghrigbmhsst he
net wor k on sﬁare medi um 1600. The conputation cost of processing 10
header 2101 is al so overhead which affects the cost of t he networ k
interface 300 (Figure 3). In many enbodi nents of this invention,

typi cal payl oad data 2104 sizes are around 100 bytes, 500 bytes, and
1000 byt es. 3Any Thiezdnsayfage AhtGElaim2.c vheseinsthe \Wwenmies of hj s
invention. |f paMO3dciate 2204bibst Wiferted packbeadsand omes head is not so

S gnificant, Houeyelhie hesaerSHOFL0UA NAYS' BeaLE BY Dgcpigeagned. then

header ones ver ated previously,
there is an appdmmﬁ:t-lqmp&%édZBaCk%tQiecodl ng the source and destination:

The source amd destl nation cannot be decoded w thout equalization, but
equal i zation re now e of the source destd nati on.
There is also a FP&EFEaSSqﬂ€9§?ﬁfm 41 erﬁéﬁdgﬂﬁagerlﬁﬁxﬁg

typically use a dabeed:afdcquencgz asbedderd igy aac@oﬁbnnausohl@fsttm at the

begi nni ng of theypg t}&afcar&aek?hea&eﬁrwéﬂ&tefdet@be@t aS¥O&PE O Zaldron. | n
t he case of a sgggl tone,, the aﬁsolute ase of the tone can be

neasured and us S &EA 8T HRS D RAFRS S phase. For two tones, the
rel ati ve pha®e between the 30 tones can be used. However, in the severe

Chﬁnnelt bd'tStQVt:;fHé desekirhed é?%ﬁanﬁ?ﬁ“%:}i@-)élﬁeegéﬁpoﬁpﬁfér?' ]
nulls at arbitrar re cies ngl e fixed taqne can easily be
attenuated to arP%}?ﬁfssagﬁ%e%Ia&?ePac éts g‘??se\ﬁ%’é‘%a?&Fs mﬁ’aq:?gg?ytaones ei t her
tone coul d be 3Sunixuermynbed Sequenceusts amielr/hefderhdetatt, for a
preanbl e that | sgshaididldel WRikle! HfnbdMsefuchld .

-38-
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6. The interface of Claim 4, wherein each of the
series of data packets has boundaries marked with side-
band framing signals carried on separate frequency
division carriers.

20

7. The network interface of Claim 1, wherein the off-
line processor receives digitized data from the host
station and processes that data into a transmit packet,
and further comprising: _

25 a transmit queue connected to the off-line
processor for receiving and storing the transmit
packet; and

a transmitter connected to the transmit gqueue
and interfaced to the shared medium, the

30 transmitter processing the transmit packet into a

transmit data packet and transmitting the transmit
. data packet on the shared media for receipt by at
least one of a set of receive stations.

35 8. The network interface of Claim 2, wherein'the off-
line processor receives digitized data from the host-

-49-
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| ongest echo, the channel will introduce tine di spersion that could

corrupt the phase neasurenent. There are a nunber of ways to

addr ess these probl ens. One nethod would be to send a training 5 signal
with every peepamesssThe equal i zati on paraneters can be REEVESMHIM4ED from
the training signal, enabling decodi ng of the header information
fields, but this may result in high conputational conplexity and | ost

t hroughput due to the increased |length of the data 10 packet. This nethod
|'s further c“é%&ﬁigﬁdahalgfbcessesAQQEQeﬁaEEtbﬂgo'é;EfinsﬁgﬁcﬁaEHStbaUd rate

of the header whi ch equal i zation is never needed but
this too may %thﬁracﬂ?‘@?ﬁ%‘d}% packet |ength over head. 15 A
nore sophi sticated net hotrassiit pprsuer cohneeted to tdgualfifzainen at the

transmtter. AssugingeLhal OETfeceiving A4YsCORA teRdedatlBRiE Nation for
each data packet s Ee transmc'ietl(‘arrl ?oul ?nvertgnt he channel such that

t he sidgnal \/\/oi!ﬂaﬂ’kﬁBt' BRddi st orted when detected by the 20 intended
destination station. Hebheansmittsspizonnetted to theowrdnbmitequened at the

receiver. The sigry %db‘ﬁﬂﬂleﬂfaced d dneABREREd Ched Al CApk0 the other devices

on the net wor K 'S wWou not rratter as %F%t% t hese devi ces
had a way of detertrﬁaﬁlsﬁgt‘t:ﬂﬁtp¥?fée9§&€@e? Er%sm’rfot EndBECTRr them
The difficulty w tdransmeéar data mpket aatli oranswitnierg the thrahsmite signal to

noi se Operfor %g %gpkggl%g gg,%@e& Re8%a ﬂo@g&l ¥ w e t he

channel contalns spe Vi OUS cenario i s when
one of the preantﬂh?qﬁ5n§§e of a set of receive st tlons.

9. The interface of Claim 8, wherein the transmitter

comprises a transmitter CODEC connected to the transmit
15 queue to receive the transmit packet and interfaced to

the shared medium to transmit the transmit data packet.

10. The interface as in Claim 9, wherein the
transmitter CODEC functions only when receiving a
20 transmit signal, the carrier/header detect generates a
carrier receive signal upon detection of one of the '
series of data packets, and further comprising:
a collision detect interfaced to the shared
medium to receive the one of the series of data
25 packets and also connected to the transmit CODEC
to receive the transmit data packet, the collision
detect generating a collision signal when a data
collision is detected;
a MAC controller connected to the
30 carrier/header detect to receive the carrier
receive signal and connected to the collision
detect to receive the trigger signal, the MAC
controller generating the transmit signal for the
transmit CODEC only if the carrier signal is not
35 present and the data collision is not detected.
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30 falls in a spectral null. As an alternative to |linear

equal i zati on, the header may be precoded at the transmtting station.
(See G D. Folrg‘;@ymgggs., and M V. Eyuboglu, "Conbined Equabtadoieassrand
Codi ng Usi ng ecodi ng, |EEE'COW 35 MAG, Dec. 1991, at 25-34)

Precoding is a non-Ilinear equal i zati on nethod with near-optlnal si gnal
to noi se - 39- per f or mance.
There are several different types of precodlng t hat may be used but

Tom i nson Pr ecddi nghes interfaeeof \Claan di.nwheseianthe ssammke mackes
equal i zing the jg fdi@Rdeby Bampling RRT @ligigizhagwevhe, dawd gidkdie used for

baud synchroni zati on because the resulting signal woul d not be
tanal . Another problemw th precoding is that the decodi ng process
requi res know edge of a scal e factor whi ch could be different for each

pat lhway T}[\% f}Cﬁ eTl{édflg&tleaearwtcmndqtoer mhagdlﬁaﬁhéys@ﬁ%wbﬁst ly Iby
anal ysi s of the precoded i ode, t.he scal e
factor ‘using a X ag‘ﬂif%n ngﬁFast ?Wre'nﬁg’g aﬁgzglgltﬁu%n%g%c%dl%agtat hese bits

woul d be just gsacket problenatlc as decoding the source and destination 15
bits; it cannot be done w thout prior knomﬂedge of the scal e factor.

One nethod of vau'%m}u%Eeggace ofC pn%& wherein the transmit

10 packet is formatted 1dentlcally with the sample packet.

14. The interface of Claim 1, wherein the receiver and
the receive queue are implemented on an integrated
circuit chip.

15
15. The interface of Claim 1, wherein the receiver is
implemented on an integrated circuit chip and the
receive queue is not implemented on the integrated
circuit chip.

20

16. The interface of Claim 15, wherein the receive
queue includes part of a memory of the host station.

17. The interface of Claim 7, wherein the receiver and

25 the transmitter are both implemented on an integrated
circuit chip and the transmit queue is implemented on
the integrated circuit chip and the receive queue is
implemented on the integrated circuit chip.

30 18. The interface of Claim 7, wherein the receiver and
the transmitter are implemented on an integrated
circuit chip and the transmit quéue is not implemented
on the integrated circuit chip and the receive queue is
not implemented on the integrated circuit chip.

35
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First, for timng acquisition, a linearly equalized vari abl e-frequency
two-tone preanble is used; Second, 20 for encoding information in the
header, Toml i nson precodi ng (or sone other precoding schene) with a
non- | i nyen9biss8uant i zed scal e factor is used. - PET/YSA47. shows
a data packet 2100 for use with this method. Data packet 2100 has a
header 2101 25 conposed of a preanble 2102 and header information

2103. Data packet 2100 al so has payl oad data 2104. In this nethod,

preanbl e 2102, So”p{'ﬂbtée&ééﬁatc%”% Claisf OPAHeelshNeht eabgtmy Dy one-fourth -
t he baud rate. her arations of 3 t,wo tanes ar e oss | e. The 30

two tones aredPPHRAARY thfuIISCEIYeFUETR ? cipde ?‘oport et the
channel di st omemopyfof thesihogitestatiodesti nati on. The resulting preanbl e,

Ither efore, has | engt h of about 28 synbols, including tails fromthe
I near equalization. At higher baud_rates
d rgface ofuclafm 10 (%vh%re}.g gge Moaud) 28? preanbl

may need t® b@9%enTRPeHike
The frequency c&’trﬂ?ﬁ/lﬁé&m ideteaci abtemxmémMLetherdoffmt fare @dch pair of

devices in th% ?Af r t e
d ta::}v:él:ﬂgté f‘éﬂbf‘é%&fx 3 EBPSERe A éﬂ aining ti
with the Bjec 0 3 zing the sig to nmsera?l

statlon by readlng a destination from a header of t

one of the series of data packets.
10 _ '
21. The interface of Claim 10, wherein the
carrier/header detect determines whether or not ome of
the series of data packets is destined for the host
station by deducing a destination from comparing a time
15 of receipt of the one of the series of data packets
with the time of receipt of others of the series of
data packets on the shared medium.

22. The interface of Claim 10, wherein the

20 carrier/header detect determines whether or not the one
of the series of data packets is destined for the host
station by deducing the destination from the one of the
series of data packets.

25 23, The interface of Claim'lo, wherein the
carrier/header detect determines whether or not one of
the series of data packets is destined for the host
station by deducing a destination of the one of the
series of data packets from prior communications with

30 one of the set of stations that transmitted the one of
the series of data'packets.

24, The interface of Claim 10, wherein a tag is

modulated into a header of the receive data packet, a
35 destination of the one of the series of data packets
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5 (SNR) at the receiver. The m xing frequency is path dependent and

varies for each transnitter-receiver pair. Even over a severely

di storted changgloeuéshs IS .. highly probable that there Wl | pefinsbosuas
frequency at which neither tone falls into a spectral null. 10

Header information 2103 is usually precoded 4- CAP (@BSK) data having,

for exanple, 21 synbols. Both header information 2103 and preanble 2102 .
are preconputed in an initial training step when the  network is
ini'tialized. 15being deherminesh byh GREPAT HBY HERF Jfag &Gy URGTEE dBl%

packet, determ assgghdd® thwuthephame, saatdidrcodi ng the header. Data

packet 2100 is received in host station 350 (Figure 3) at step 2201
(Fgure 22). As was previously di scussed, destination and source data

is 20 included2bn hEaRIkGeHIAGRRCE0R121032%9n W% HRS2 ¥BRdUe E3%Bpr i ses
two tones mxedsynbdl asdesiderigedonvsliagd with reqaacielasdtlingear |y

equal i zed at the_transmi Lstatl | t.] . header.information 2103
has been prgg d‘é%r.np?\ﬁ?de vf]htg"f %%ag gpﬁagfg sé aé%]:rlé:;gle%\%gghF rom RX 25 _
Queue 207 (Fi gurecegived qata@arled-is acconplished off-  line or from
shared medi um 1600 i f header processing is acconplished in the hardware
on-line. Baud- phase esti l.Qn.1l S.ACC li.shed jn. two, . st eps.
Flrstoa rough 8finibe Te %%faaaen%?,ésfﬁg the REETH A SPREIREEER the two
tones in rol@h phathe onecaf itha iseriee0of data padietdods determiuede

know edge Obyt BEtPELR MM EcHNG BE &I EUHEACYigRel P¥bamblki 8ique €Stimate
I s obtained usi S| hge bsol ut.e. phase of the tones in fine phase
estimation 2203 °THESsEEBHPALSH 35 requires an estimte of the preanble
m xi ng frequency. -41-

27. The interface of Claim 10, wherein a destination

15 of the one of the series of data packets is determined
by demodulating a CDMA sub-channel superimposed on the
main channel modulation.

28. The interface of Claim 10, wherein a destination

20 of the one of the series of data packets is determined .
from header information conveyed in a fregquency
division sub-channel separate from that used for the
receive data.

25 29. The interface of Claim 10, wherein the off-line
processor includes a dedicated embedded processor, a
microprocessor, a digital signal processor or a
mediaprocessor.

30 30. The interface of Claim 29, wherein the off-line
processor performs signal processing in software or in
firmware.

31. The interface of Claim 30, wherein the off-line
35 processor includes shared components, the shared
components being a dedicated ewbedded processor, a
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Using this nethod, an accurate estinmate of the baud- phase can be
obt ai ned using a short preanble. Rough baud- phase estinmate 2202
estimates the rough baud- phase based on the relative phase of the two
tones 5 in PYQAMSEE 2102, without any know edge of the mi XBGHUSIN04437
frequency. The phase estimate is found by eval uating t he phase of the
di screte fourier transformof the squared received signals at the
frequency equal to the tone spacing. In this exanple, the tone

frequency is d9cr L1 20815 Deabasild1ePiRRYs0R SPOUGN Ot her

spaci ngs can used. Therefore, "the rough baud-phase estimate is given
by wegdiAProcesSAqTar ) Phase ([err] x(t)[err] e [err]), (1) 15

where x(t) is the real received signal from shared medi um 400, the

si gnal comi ngsbr ongd et d.oReor c1R{Ra) GhedRdnl che dHE b frequency.
In fine baud-phase estiation 22 he %Pigh_te 20 hase of the .two

03, .1
preanbl e tdneBrPSeHIAY %ﬂﬁ}qg?se§taﬁg}%?te e PRPRTI ey i s
rfq?iredéSEheggaxé@ggd haﬁdwameeprygéss¢1ﬂpéﬁﬂiiﬁ?ngkapphi?Tfhmreivin? PﬁSt
station : . q Ugh$ngsStimated from e power o e
first derivatlggcg¥§%E%' F@é#%?g 35 ngignal, where the first derivative is
estimated by a sinple discrete tine filter HD)=1-D. The ratio of the
average power 39f tthe Detenfaiceveft Olaire Xvendgerejonehe shaxdd the preanble
'S approxigatﬁk&i@mli£K¥Wi§E%ﬂpbhgg Qéble, coaxial cable, power line

wiring, opticallcable, wireless RF or wireless IR.

34. The interface of Claim 10, further including a
hybrid connected to the shared medium wherein the

15 = receive CODEC, the transmit CODEC, the carrier/header
detect, and the collision detect are interfaced to the
shared medium through the hybrid. ' '

35. The interface of Claim 10, wherein the series of
20 data packets'are'each characterized by a set of
parametérs, the set of parameters including a
modulation data rate, a modulation coding format, and a
data packet format, and the set of parameters varying
between each of the series of data packets.
25 _
36. The interface of Claim 35, wherein the set of
parameters for each of the series of data packets are
optimized for a set of channel characteristics
describing transmission between the host station and

30 one of the set of statioms.

37. The interface of Claim 36, wherein the set of

parameters ig also optimized for a set of network

interface capabilities between the host station and the
35 one of the set of statioms.
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the m xi ng frequency. 30 To obtain the fine baud-phase estimate in
fine phase estimation 2203, the preanble is filtered with

conpl ex- val uedygod/sseded filters to obtain the baud-rate S YEPRIss/08437) -
The phase of these matched filters is chosen based on the rough

baud- phase estinmate. The 35 flne baud phase estimate is then given by
-42- [err] [err] - (f/4[err]f[err]) phase([err] z
(n)z(-n)), where flerr] is the estimated m xi ng frequency.

Header informat3®n JOs intenfacsded SLaime3s whenedm tben§etafion using
Tom i nson precogapgméfer®B>r theOtrbeeipe edath hadterre Severningd ecodi ng

methods are ﬁﬁﬂ?%i{h téhee Ler e o §89Q&@Q?P§ %o‘?ne% ‘i&%%e?pék\’;ﬁé

per formance wit e Or et el Ver dge about -
t he equal i zat i ofapar Q#s. Fbmever, 10 the decodlng step does require
know edge ofgt he scale factor for a nodul o operation. In a typical

poi nt -t o- p |cat|o t hi | e f.actor |s wn by

t he receiver gkror %ﬁg erEl?ﬁ% %%%ué??reﬁF'%%' ﬁaogbe di fferent

for each sourcepééé@etQKS(ﬁPquﬂhe angeive data packet are determlned
by deducing the set of parameters from timing of the
receive data packet in relation to the series of data
10 ©packets.

40. The interface of Claim 35, wherein the set of

parameters for the receive data packet are determined

by deducing the set of parameters from one of the set
15 of stations that transmitted the receive data packet.

41. The interface of Claim 35, wherein the set of
parameters is deduced from the receive data packet.

20 42. The interface of Claim 10, and further including
at least one other receiver and at least one other
transmitter, the at least one other receiver and the at
least one. other transmitter being interfaced to one of
at least one other shared medium, the at least one

25 other transmitter being connected to the transmit gqueue
to receive a media dependent transmit packet and
transmitting a media dependent transmit data packet
based on the media dependent transmit packet, the at
least one other receiver receiving a media dependent

30 receive data packet from the at least one other shared
medium and sending a media dependent sample packet to
the receive queue.

43. The interface of Claim 42, wherein the media
35 dependent sample packet identifies the at least one
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15 the source is not initially knowm to the receiver, the scal e factor
I's al so not known to the receiver. The scale factor is determ ned
in scale factor recovery 2204. It can be shown that the first synbol

of a Tom i ns¥AM¥oded QPSK sequence can be decoded 20 wi PFRURORE edge
of the scale factor. This feature can be exploited by encoding the
scale factor entirely within the first synbol. However, only a limted
anount of information can be conveyed in the first synbol . | f 4-CAP

synbol codi ngdtﬁeESEchféefsa:ﬁ tegie aédlahsemx{torcrhhemier@éae&r of header’
2101, then a scale ctor nco d |n the first s&g‘o can have only
f our valuégentlfles iﬁﬁf dPR §fellation of 4

synbol s of equal nagnltude wi th phase dlfferences of 90 30 degrees between
adj acent synmbolss. GRSK SNCOHAI dfS ClaimCid ha&hé:e%Ptheaaﬁl BEAQSS

anpl i t ude- phase nodul ati.on ratuyre I.t ude nodul ation).
A scal e f agt oPnﬁaQFhﬁroﬁ#ef%Lﬁe‘ﬁé‘Fhé%é?qﬁ)atdn T‘é&ﬁ?”@?ém However, a
met hod of sol wheget i soguldtticon Freguenoy gotirthe att leastabne f eicheyr

non-linearly ifl.34GR% and e %&Blegslaeanét@&éf Zt%:%n@ﬁa)(t@é§0dp§féi§3d The
phase -43 successi ve

quant i zati on $EFePsaj Bofdplakinp tﬁ?e%lency 8%9?%%§e°ﬁ+3 ero2Rf Fl?f’g

const el | at i on vranshatter n
10
45. The interface of Claim 10, wherein the off-line
processor comprises:

a demodulator connected to the receive queue
and the host station, the demodulator receiving

15 the sample packet and performing sigmal processing
to generate host formatted data; and _

a modulator connected to the transmit queue
and the host station, the modulator redeiving host
formatted data from the host station and

20 generating the transmit packet.

46. The interface of Claim 45, wherein the demodulator
comprises:
a resampler connected to receive the sample
25 packet and that adjusts the sample packet
modulation and phase;
an RX filter connected to the resampler, the
RX filter amplifying and filtering a signal from
" the resampler;

30 '~ an equalizer receiving a signal from the RX
filter and removing intersymbol interference
effects;

a slicer connected to the equalizer and
deciding on output symbols based on a signal from

35 the equalizer; and
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Figure 23A. The magni tude of the scale factor synbol is twice the
magni t ude of synbols in a 4-CAP header 5 constellation. The magnitude of

the synbol s i sw{)lgm&géj by. the hi ghest possible magnitude pprishsosds?

pr ecoder output signal. The constellation in Figure 23A can have
infinitely many points, therefore there is no limt to the magnitude of
the scale factor that can be 10 conmmunicated. The only limtation is that
the scale factor can only take on quantized values (3dB in this

exanpl e) . An i nperremtcatracidonr cdrcuibé thats restdiog ithet hat

the hm'bni mum dit ﬁt anceot'ae }i’éf@y&ﬂi@lé r@c‘aﬁmthhteYé‘laHeaﬁ@dst:l&:l.éttl%ag@?: est
nei ghbors in the constellatjon i e .m ni num di st ance
bet ween points in th@34ughpthe o "'(ﬁﬁ‘gi Y"%Pllﬁntﬁsgﬂr'f‘o? hort ;Bé:!f&er fields.

Ther ef ore, the netseammmunity of the scale factor is at |east as
good as the Ig__0| se immunity of the remai nder of the 20 header. For
exanpl e, i gure 23A the mninmu di stance_froma scale factor

constel | atl on pdi'nt &8 E‘-Qterfa?%eﬁ%sqlaﬁ@\ §RpoWheEedn (Bhe \GXTaTss t he

m ni mum di st ance:orrecltliohhelﬁaﬂts:m @ppdtiedntehbhe outhitguy:mbadB i s 2. 0.
Once the scale cﬂﬁ: %51 §yKnown, header informati on 25 2103 can be decoded
i n header decodi 8% Xnd t he desti nation address recovered. |In check
destination 2206 t he destination address is checked agai nst the

host stati onoadcmaessameamdtei:faééleusm dlmim Ad, CWherein pelye aagradat a 2104 is

decoded i n payl Qagdakaolecodlit d%r 2ol chheks %?%nﬁgos gdat a

packet 2100 is I scard I scar ata packet_ 2 t station
350 begins to préess é'-hFhéeH@S@‘t‘ %I%E% dat@éppears to be kgepivadk i@hove net hod

of baud- phase esdxymat.i on and scaling information results in a baud sync
error of 35 generally less than 3 dB | oss and a precodi ng scale factor
quanti zation (affectl ng header 2101 aonl 3@

- 44- 15 . The interface as in 1a1m 46, wherein the

equalizer is a decision feedback equalizer with
adaptively chosen parameters.

50. The interface as in Claim 46, wherein the

20 adaptively chosen parameters are stored in a table to
provide for adaptation across successive packet
transmissions.

51. The interface as in Claim 46, wherein the
25 equalizer is a linear equalizer with adaptively chosen
parameters.

§52. The interface as in Claim 51, wherein the
adaptively chosen parameters are stored in a table to

30 provide for adaptation across successive packet
transmissions.

53. The interface of Claim 46, wherein the receiver

performs a partial signal processing function.
35
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| ess than 3dB | oss. The worst case signal to noise | oss in decoding
header 2101 is, therefore, 6 dB. In addition, there is significant
decodi ng conplexity in decodi ng header 2101. Ti m ng sync (baud-phase 5
estimati on iWOS%4588 2202 and 2203), for exanple, may rREFRPPYYBout 1348
real MPYA operations. Subsequent decodi ng of the destination requires
an additional 512 real MPYAs. Tim ng sync and destination decodi ng nust
be acconplished for every received data packet. 10 During the initial

Lraining sedugce fhoifkertadibtOka1f®0l) Shliedl ohbapaegahannel model

representing fhé channel response cpnnunlcatlons _between itself and
all of the ot ﬁésné%awwgssrme func"'&ﬂ‘anﬁ‘é‘F Lydsde tipdng: BReAV§See
denodul ation profiles 711 15 and 811 in Figures 7 and 8) for future use,

t her eby %Ea'”bﬂ%"lﬁéﬁifaﬁé@'Ezeiélm 5# whereAB Eh&eﬁ{ﬁﬁﬁé”a met hod of

header processing, g I nvol ves nDde t he channel
for every 5 Tece¥pyEdiehapsoRet! epheaden Qfethe) §at2 FPRCK '21) is 20
received in receive data packet 2401. In this nethod, preanbl e 2102

(Flgure 21) | 3g Udfge 2 4614 NAl 2N ch A 45, %ﬁgxaelwege'a&é ge. The

trai ni ng sequénce i's US tain hannel I n cal cul ate
channel estlnEPQ1UdeSZQEMFraﬂNQagﬁ&ﬁﬁéla%%d@ﬂe<§9$998 8ke¥ to elther decode
25 the desti rampeiisédg and conpare that with a set of one nor e

dd h
addresses | at the st atéopegaﬁ@ele\feéoflﬁ%&?&&‘% receﬁlgetﬂgené)tﬁg]he channel

addresses that the station receives ncoded. us
nodel for Conparlsﬁﬁchﬁ¥hand that adjusts the sample packet

modulation and phase;
an RX filter connected to the resampler, the
RX filter amplifying and filtering a signal from
15 the resampler; .
an equalizer receiving a signal from the RX
filter and removing intersymbol interference
effects;
a fast fourier transformer which converts an
20 equalized signal from the equalizer to a
transformed signal representing phase and
amplitudes for the several carriers;
a multichannel slicer which receives the
_ transformed signals and produces symbol estimates;
25 and
error correction circuit that receive the
symbol estimates and further demodulates and
decodes the transformed signal to form a host data
stream.
30
57. The interface as in Claim 56, wherein the
equalizer is a linear equalizer with adaptively chosen

parameters.

35 58. The interface as in Claim 56, wherein the receiver
performs a partial signal processing function.
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t he destination tag. 30 In Figure 24, each of the one or nore

addresses is convol ved with the channel estimate in step 2403 and

the result conypgbésksyy th the destination tag in step 2404 cTIu3esiaad
2405, if there is no match then host station 350 (Figure 3) checks to
see if all addresses 35 have been checked in 2407. |If there is a match,
dat a packet 2100 is processed in a process data packet step

- 45- 2406. If there is no match with any address, the data
packet can be discarded. If there is a match, the channel nodel nmay be

refined and usesb ! o0 THeaiimtBirifEBe of GDdirng F&uheieinothbapaheialker

i nformation 210 (Fi C 203083 S DRI i3 hECELUS DBReT

i nformati on éﬁ%ggg¥&%cg5%£hgTﬁgntrﬂ?ﬁing sequencel% preanble 2102
remai ns fixed for every station in the network. A channel nodel ,
therefore, @an ée. creai dahtesifaget he knotbailh) 5¢,r aiheredgnseheeniwind i gure 25

shows a sanpl e }%ééﬁg%#)%ﬁ ﬁggggrsg?gge1$§?%%fudy Qgﬁﬁﬁgggnﬁgc' Figure 25 is

repeated sone nu e prea hods of
constructing a channel nodel from such a trai ning sequence are wel |l
known. 15 61f tie tirietifageSeguebatnmi B0 A Wiridedsi:C sequence of

the off-line processor computes an echo
10 replica of the transmit packet and stores the echo
replica in the transmit queue with the transmit
packet; and o
. the collision detect receives the echo
replica, subtracts the echo replica from one of
15 the series of data packets to form a difference
level, and generates the collision signal if the
difference level is above a predetermined
threshold.

20 62. The interface of Claim 10, wherein:
an echo replica of a fixed portion of the
transmit packet is computed and stored by the off-
line processor; and
the collision detect subtracts the echo
25 replica from a corresponding portion of one of the
series of data packets to form a difference level,
and generates the collision signal if the
difference level is above a predetermined

threshold.
30
63. The interface of Claim 10, wherein the
carrier/header detect and collision detect detects
noise on the shared medium and treats the noise as if
it were the data collision. '
35
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period N where Nis a power of two greater than or equal to the maxi num

channel length, a cal cul ation of t he channel nodel that often invol ves
only addition operations can be performed, greatly reducing the 20
conput at i on V¥4688d. For N=4, 8, or 16, the training 6&8% may
consist entirely of QPSK (4- QAM or 4-CAP) synbol s and the channel
estimation requires only additions. For N=4, the training sequence may
al so consist entirely of BPSK synbols using a constellation 25 of 2

synbol s of eqgal RGRhBECoR HERHAE & itk FREEAG BSetweerDfa hBtdegr ees. For
N=32, the tralning se%%gnce man%% e tc.onsi st entlrelle#/‘ of zero-interleaved
QPSK synbol s Bration andpaysel g &Eatighiss FARPEIIHT hgy has a constel | ation -
of 8 synbols of equakeiwingtadiate mpackebsEromis cgshaned oediom4s degrees

bet ween adj acent sy Qg refOhe&Elf cddtrctingt £Ré Mhdkk SAGUARREwIBY CONSi st
entirely of 8-PSK synbols uires only a small nunber of

ﬁnd req_I )
mul tiplications fdMe SetcBhisPHEeYi WP & ¢hannel estimate.
Conputi ng the equal i zedepectieyectbatf i date Backetriela medeivehowever, is

conputational Iy i ifAnsigiexet thét 065tditAlded t8Fard t1RAdRYst2101 can be
checked by . : - 46- ‘conpari ng
‘the destination t&FaR/a set of tags associated wth the host

station. |If a match ocewnyertingt the tdveizeddatarpackstnhet @& i on required to

obtai n tf&% sample packet;
storing the sample packet in a receive queue;
performing signal processing on the sample
packet to obtain host formatted data, the signal
processing being performed separately and
15 independently in an off-line processor; and
' sending the host formatted data to the host
station. : '

65. The method of Claim 64, wherein receiving a data
20 packet comprises recognizing boundaries of the data
packet. '

66. The method of Claim 65, wherein the data packet is
a burst-oriented packet.
25
67. The method of Claim 65, wherein the data packet is
imbedded in a continuous bit stream and the boundaries
of the data packet are marked by a unique symbol
sequence.
30 .
68. The method of Claim 65, wherein the data packet is
imbedded in a continuous bit stream and the boqndaries
are marked with side-band framing signals carried on
separate frequency division carriers.
35 .
69. The method of Claim 64, further comprising:
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equal i zer parameters and train the equalizer is 5 undertaken. Note that
in this nmethod, equalization paraneters are not necessarily stored in a
modul ati on lofibde€S | 00k-up table 711 and 811 as is showWpdpisesnads?
Figures 7 and %,599;4&818@ The' above exanpl es are denonstrative of the 10

i nvention only. Variations of these exanples which are obvi ous to one
skilled in the art are within the scope of this invention. As such,
this invention is limted only by the follow ng clains.

receiving host formatted data from the host
station; .
converting the host formatted data to a
transmit packet;
5 storing the transmit packet in a transmit
queue;
converting the transmit queue to a transmit
data packet; and '
transmitting the transmit data packet onto
10 the shared medium.

70. The method of Claim 64, wherein converting the
receive data packet to the sample packet comprises
sampling and digitizing the receive data packet.

15
71. The method of Claim 64, wherein detecting that the
data packet is the receive data packet comprises
reading a destination from a header of the data packet
and determining that the destination is the host

20 station.

72. The method of Claim 64, wherein detecting that the
data packet is the receive data packet comprises
determining a destination from timing receipt of the

25 data padket in relation to previously'received data
packets and determining that the destination is the
host station.

73. The method of Claim 64, wherein detecting that the

30 data packet is the receive data packet comprises
deducing a destination from contents of the data packet
or a header of the data packet and determining that the
destination is the host station.

35 74. The method of Claim 64, wherein detecting that the
data packet is the receive data packet comprises
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-47- CLAI V5 W claim 5
1. Anetwork interface for a host station, conprising: a
receiver interfaced to a shared nedium the shared medi um

connecti ng twe9/eesss ver to a set of transmt st atPorgssapadbl e of
transmtting a series of data packets over the shared nedium the
10 recei ver receiving a receive data packet and generating a
sanpl e packet based on the receive dat a packet, the receive data

packet being §8uBhng o deerindlSoRCELE Sle 1 TRAGKE! SeVBLAL | S desi gnated

for recerp st at a receive queue for
hol di ng a pl ursélalf-@?nﬁf hat sent tignfipta pagkats anddeterpiringdhat pheing one
of the the destination is that of the host station.

5 75. The method of Claim 64, wherein detecting that the
data packet is the receive data packet comprises:
demodulating a tag from a header of the data
packet; and '
comparing the tag to a unique'tag assigned to
10 the host station.

76. The wmethod of Claim 64, wherein deteéting that the
data packet is the receive data packet comprises
comparing a received symbols from a header of the data

15 packet with a convolution of the channel estimate made
from a received header with a unique tag assigned to
the host station. )

77. The method of Claim 64, wherein detecting that the
20 data packet is the receive data packet comprises

matching a preamble of the data packet to a fixed

signal preamble unique to the host station. |

78. The method of Claim 64, wherein detecting that the
25 data packet is the receive data packet comprises
reading a destination from a CDMA overlay.

79. The method of Claim 64, wherein detecting that the
data packet is the receive data packet comprises

30 reading a destination from header information conveyed
in a frequency division sub-channel separate from that
used for the data packet.

80. The method of Claim 64, wherein performing signal
35 processing on the sample packet comprises:
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plurality of sanple packets in the receive queue; an off-line
processor for processing the plurality of sanple packets held in
the receive 2 ueue into digitized data receivabl e by Qﬁﬁh
station, the S????fﬁggproceSSOr processing the s sanprggggc et7

I ndependently of the receiver processing the receive data packet.
25 2. The interface of Cdaim1l1, wherein the receiver conpri ses:

a receive CODEC, the receive CODEC receiving ) the receive data
patket fromthe shared nelfitermipdng proper medukadtipn hadsphpeingafdket based
on the receive 30 the risiviRAadsth, phbRet gcei ve CODEC functioning only

when receiving a trigger signal;._an a.carri.er/ header detect
connected to the | rer%&“é’ul\%élgchﬁcs%'ﬁ%l? R &S stiﬁ‘épsﬂé? ed
medi um t hepxepert arodvdatdondandcphagingsating the trigger 35

si gnal upon gletecting theineeHivg dabasfmsketipacket to remove effects
- 48- ? Tq:g ionterf c chi-fl ajm 2 tmerr%bgi%hg Sgries of
data packets are burlt-TtdedosF Bﬁgkgﬁg anttiRd : e g
with a matched filter;
removing intersymbol interference from the
sample packet to create a filtered sample packet;
10 determining a sequence of output symbols from
the filtered sample packet; and .
cohverting output symbols to a bitstream by
decoding coding functions that were applied at a
transmitter.
15
81. The method of Claim 80 wherein determining the
proper modulation and phasing comprises reading a
header of the data packet to determine channel
characteristics and looking up parameters in a
20 modulation profiles table.

82. The method of Claim 80, wherein determining the

proper modulation and phasing comprises deducing the

proper modulation and phasing from contents of the data
25 packet.

83. The method of Claim 80, wherein determining the

proper modulation and phasing comprises deducing the

proper modulation and phasing from timing of the data
30 packet in relation to previous data packets.

84. The method of Claim 80, wherein determining the
proper modulation and phasing comprises deducing the

proper modulation and phasing from previously received
35 data packets.
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carrier/header detect detects a start of each of the burst-oriented
packets. 5 4. The interface of Claim2, wherein the series of dat a
packets are enbedded in a continuous bit stream and the carrier/ header
det ect det ecw@9sda8s6art of each of the series of data peEKE9Y0443D 5.
The interface of Claim4, wherein each of the series of data packets

has boundari es nmarked by a uni que synbol sequence, the carrier/header
det ect detecting the unique synbol sequence. 15 6. The interface of‘

C ai m 4, mherg% eqRl @gt%§§3°f clggﬁlgg hetlAlA RASKEHhs RS boundaries’

marked with si ramn nal s, carried,on S arat frequency
divi si on carr iBEersygbol interfiex PRPYieS PRssine Eﬁg %erel n the
of f - I |nepabﬁeesdaMarEhxnughsam erauatbzexddiidtlerom t he host station
and processes that data into a transmt packet, and further conprising:
25 a transmt queue connected to the -Ilne processor
for recelvﬁngsénd Therpelpah ot fj 0 wherein %ﬁﬁcﬁgPa Lrer a
transmtter CQﬁneefeﬂnéIndéuadldumimubnqﬁeeﬂback filterand interfaced to the
shared medi um the 30 transmtter processing the transmt packet into
transmt data packet and transn1tt|n%1the transmt dat a

packet on t he 8fhar e npekrd S [Gd@drpfopyheyein determipingithge of a set of
recei ve stati @guencdbof Soutplite ayabedskcompeiderre of Cl aim 2, wherein the

of f- Lpne processor receiyes dicdibhE et Hood bie Besdam;

"9 estimating a maximum likelihood sequence with
a Viterbi decoder; and

error correcting the maximum likelihood
gsequence using a Reed-Solomon block decoder.

15

88. The method of Claim 80, wherein determining the
sequence of output symbols comprises: '
mapping the output symbols to a bit stream;
and ' )

20 on the presence of an option, estimating a
maximum likelihood sequence with a Viterbi
decoder, and error correcting the maximum
likelihood sequence using a Reed-Solomon block
decoder. '

25

89. The method of Claim 88, wherein the option is
present when the demodulated data appears to be

received in error.

30 90. The method of Claim 88, wherein the option is
present when signaled in a header of the data packet.
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station and processes that data into a transmt packet, and further

conpri si ng: a transmt queue connected to the off-1line
processor for v&@fﬂs&sng and storing the transmt 5 pac getusdndas7

a transmtter connected to the transmt queue and interfaced to
the shared nedium the transmtter processing the transmt packet
into a transmt data packet and transmtting the transmt 10
data packet on the shared nmedia for receipt by at : | east one of a
set of receive stations. " 9. The interface of Glaim8, wherein the

transmtter  gONMAHeS RidtAoll 88 SELd e 6400MereaRNpeLe6ridng NBidnaansm t 15
gueue to receive the t_ransmfw acket. and i.nterfaced to t he shared

n
medi um to transIcHHEEr s TR RACKST COMPTIPEE: Tho nterface as in -
Claim9, wherein the determsining rp:RERECriogndatdrs , ophgsingandcei ving a

20 transmit gsignal, Jheslal EshébEade edletted X308k at 88ta packddr rier
recei ve signal ypop detection gt one of th eries of fata ackets, and
further conprising: resamp 1n9a&690ﬁ"’}“9%€np8§?‘§5t Pntet %‘éted:q}eo the
shar ed mediproper meodelatiomeamhehefsitgs series of data 25
packets and al so connect d t@rih§ th&NSdg1 Pdcket to remove effects
| of flat loss and'band-limiting the received signal
10 with a matched filter; _
removing intersymbol interference from the

sample packet with a linear equalizer having

adaptively'chosen parameters to create a filtered

sample packet;

15 transforming an equalized signal with a fast
fourier transform to obtain a transformed signal
representing phase and amplitude for multiple
carriers; and

convefting the transformed signal to a host

20 data bitstream by decoding coding functions that

were applied at a transmitter.

92. The method of Claim 91, wherein determining the
proper modulation, phasing and decoding functioms

25 comprises reading a header of the data packet to
determine channel characteristics and looking up
parameters in a modulation profiles table.

93. The method of Claim 91, wherein determining the

30 proper modulation, phasing and decoding functions
comprises deducing the proper modulation and phasing
from contents of the data packet.
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to receive the transmt data packet, the collision det ect

generating a collision signal when a data collision is detected,

a MAC controller connected to the 30 carrier/header detect to receive
the carrier WO99/46886 receive signal and connected to the cBFTUSIOA37

detect to receive the trigger signal, the MAC controller
generating the transmt signal for the transmt CODEC only if the
carrier signal is not 35 present and the data collision is not

det ect ed. - 50- 11. The
interface of Claim]l1, V\/nerelnth ac I s, formed by sanpling
and digitizi n§4the The, (me “%ﬁ?‘?’ﬁt gprerminfngithem 10, wherein

t he sanpl e prppekehodlsla‘uilomedphgtstwgrmnmglemmdldggfumztt:rtgast he data
packet . ri18Es | 4R etﬁ ‘ﬁ!@.‘EESh” lthljn i q@,mt 10
packet is format?e dentlca y wét%@%e sqnp W and pildey
from t1m1ng of the data packet 1n relatlon to previous
data packets.

95. The method of Claim 91, wherein determining the
proper modulation, phasing and decoding functions

10 comprises deducing the proper modulation and phasing
from previously received data packets.

96. The method of Claim 80, wherein determining the
sequence of output symbols comprises:

15 mapping the output symbols to a bit stream;

estimating a maximum likelihood sequence with
a Viterbi decoder; and
error correcting the maximum likelihood
sequence using a Reed-Solomon block decoder.

20
97. The method of Claim 91, wherein the adaptively
chosen parameters of the linear equalizer are stored in
a table to provide for adaptation across successive
packet transmission.

25
98. The method of Claim 69, wherein converting the’
host formatted data to the transmit data packet
comprises converting from digital format to digitized
data packet format.

30
99. The method of Claim 69, wherein converting the
transmit packet to data packet format comprises
performing a digital to analog conversion.
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14. The interface of Claim1l, wherein the receiver and t he receive
queue are inplenented on an integrated circuit chip. 15 15. The
interface of Qugiohkekss Wherein the receiver is I mpl enent eGcaRIsasIodds7
integrated circuit chip and the recei ve queue is not inplenmented on the
I nt egrated circuit chip. 20 16. The interface of Claim 15, wherein
the receive queue includes part of a nmenory of the host station.

17. The interface of Caim?7, wherein the receiver and 25 the transmtter
are both inplenented on an integrated circuit chip and the transmt
queue is inpl engpbed Phe metHdie dfniCAgLAL 6d, Cilierdin d¥amsandtihg theei ve

queue is Grrg%fg{qg&{edda%& &)r%%] Weltt %g, Eggegl rcw t chip. 30 18. The

i nterface of WHE e rece ver the transmitter are
i mpl ement ed on an integr ai@@ﬁtlngcwh@ﬁhﬁrcﬁrpn‘a%oﬁft%etrr dasai pagkete is not
i npl enented g on tBRistd e alRd ebiafred fe@ipp; and the receive queue is

E]g';-_l pl er’rent ed on the | néeetcg q;[lendg (I:N 'é%ﬂ'e} 8Pi190t 3é1ere exists a data

collision;
transmitting the transmit data packet to the
shared medium in the absence of another data
10 packet and the data collision;
rescheduling transmission for another time if
the data collision condition occurs.

101. The method of Claim 69, wherein detecting whether
15 or not there is data collision comprises:
' generating an echo replica of the transmit
data in the off-line processor;
storing the echo replica with the transmit
packet;
20 creating an echo data packet along with the
transmit data packet;
subtracting the echo data packet f£rom the
data packet to receive a difference signal;
detecting the data collision if the
25 difference signal is above a threshold signal.

102. The method of Claim 69, wherein detecting whether
or not there is data collision comprises:
generating'an echo replica of a constant
30 portion of the transmit packet in the off-line
processor; |
creating an echo replica data packet from the
echo replica;
storing the echo replica data packet;
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19. The interface of Claim?7, wherein the transmt gueue and the

recei ve gqueue each include a portion of a menory of the host station.

5 20. The interface of Caim10, wherein the carrier/ header detect

det er mi nes WWOI4§88®r not one of the series of data paBREUSN&SHest i ned
for the host station by reading a destination froma header of the

one of the series of data packets. 10 21. The interface of O aim 10,
wherein the carrier/ header detect determ nes whet her or not one of

the series- of data paclé%gréétgq&téﬂpgghgr rIer:.QQS&ata %a'g,é I @p Ry deduci ng-

a destination from conparin atlrre 15 I’ECEI% one of the series
of data packets & SRFERSPR %‘i‘ﬁ’mp?ﬁt"r%’c&fpf' Bt "E?’lé?asdiﬁt tRe series of
dat a packets on t heresiter addirféflienemce signal2?. The interface of daim 10,

wherein the 20 carri ed/QEgggﬁ dgt@épga &Q}H&Bﬁsﬂ‘hﬂ{é‘@lﬁe&%ethe one
C

of the series of data pag ets dest1 ne or . the station by
deduci ng tthe dest|'@"?°?iﬁ1'ﬁa(3'n’-PrBF?‘\"’l"l’lea‘o"rll'ﬁr offesignakeries of data packets.
.25 23. The interface of Claim 10, wherein the carrier/ header detect

det er m nes whfa?er .ﬂ,{ glgttgggeogfclam tdae )'i_ﬁ;_,{:ﬁéroéongo{?‘lﬁ] kets i s destined

for the host deduci n destlnatlon one of the
series of dat %ﬁﬂ@agsnpﬁam PR Be PefigRsang thFeating the

noise as if it were a data collision.
10 _ |
104. The interface of Claim 10, wherein:
an echo replica of a fixed portion of the
transmit packet is synchronously sampled from the
shared medium during a prior transmission and
15 stored by the host station; and
the collision detect subtracts the echo
replica from a corresponding portion of one of the
series of data packets to form a difference level
and generates the data collision signal if the
20 difference level is above a predetermined
threshold.

105. A wmethod of analyzing a destination of a data
packet, comprising: .
25 constructing a channel estimate based on a
training sequence received in the data packet;
convolving the data packet with each of a set
of host addresses to form a set of convolved
addresses;
30 comparing the set of convolved addresses with
a segment of the received signals of the data
packet corresponding to an address field.

106. The method of Claim 105, wherein the training
35 sequence is a periodic sequence with period N where N
is greater than a maximum channel length.
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30 one of the set of stations that transmtted the one of the series
of data packets. 24. The interface of Caim:10, wherein a tag is
nodul at ed i nt qugofigagier of the receive data packet, a 35 degiirRRsdgals70f
the one of the séries of data packets ' -

bei ng determ ned by conparing the tag to a uni que tag assigned to the
host station. 25. The interface of Claim 24, wherein the unique tag 5
synbol sequence is convolved with a channel estimate and conpared with
an“appropriate portion of the - received data packet. 26. The
interface of C apm 10rheMirithiod afdesaimatloon wHerefint Reisng pdwdhefseri es of
data packets is,determ ned by pattern matching of a fixed signa

pr-eanbl e uni que™’ to the destination.

5 108. The method of Claim 106, wherein N=8 and the
training sequence comprises a sequence of QPSK symbols.

109. The method of Claim 106, wherein N=16 and the

training sequence comprises a sequence of QPSK symbols.
10

110. The method of Claim 106, wherein N=32 and the

training sequence comprises a sequence of 8-PSK

symbols.

15 111. The method of Claim 106, wherein N=64 and the
training sequence comprises a sequence of 8-PSK

symbols.

112. The method of Claim 106, wherein N=4 and the
20 training sequence comprises a sequence of BPSK symbols.

113. The method of Claim 105 wherein the training
sequence and the address field are modulated using
carrierless amplitude-phase modulation.

25
114. The method of Claim 106 wherein the training
sequence and the address field are modulated using
carrierless amplitude-phase modulation.

30 1i5. The method of Claim 107 wherein the training
sequence and the address field are modulated using
carrierless amplitude-phase modulation.

116. The method of Claim 108 wherein the training
35 sequence and the address field are modulated using
carrierless amplitude-phase modulation.
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27. The interface of Claim 10, wherein a destination 15 of the one of the

series of data packets is determ ned

by denodul ati ng a CDVA sub- channel

superi nposed on the mai n channel nodul ati on. 28. The interface of

Claim10, wwp8y468% desti nation 20

of the one of the seriREF/EPRHAZTy

packets is deternned from header information conveyed in a frequency
di vi si on sub-channel separate fromthat used for the recei ve data. 25

29. The interface of Caim 10, mherein the off-line
a dedi cated enbedded processor, m croprocessor, a digital

processor or

processor includes

si gnal

a nedi a e 30, The i erface of Claim 29,
wherein the ot¥Ziirge megﬁ?@ %g aﬁ%ﬁ%@rﬁgengﬂ gb FEIEPHG i n software
or in firse@ience and tBé. addmesaﬂﬁieﬂécergfmQﬁuAaﬁQﬁ)uswnere|n t he
of f-1ine 35 pégf{?.ses%oeslsnﬁ{n HiStudhptfibes ABANEELSn . the shared

being a dﬁgicate edded processor, a

10

15

20

25

30

35

118. The method of Claim 110 wherein the training
sequence and the address field are modulated using
carrierless amplitude-phase modulation.

119. The method of Claim 111 wherein the training.

sequence and the address field are modulated using
carrierless amplitude-phase modulation.

120. The method of Claim 112 wherein the training
sequence and the address field are modulated using
carrierless amplitude-phase modulation.

121. The method of Claim 105 wherein the training
sequence and the address field are modulated using
quadrature amplitude modulation.

122. The method of Claim 106 wherein the training
sequence and the address field are modulated using
quadrature amplitude modulation.

123. The method of Claim 107 wherein the training
sequence and the address field are modulated using
quadrature amplitude modulation.

124. The method of Claim 108 wherein the training
sequence and the address field are modulated using
quadrature amplitude modulation.

125. The method of Claim 109 wherein the training
sequence and the address field are modulated using
quadrature amplitude modulation.
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m croprocessor, a digital signal processor or a medi apr ocessor.

32. The interface of Caim31l, wherein the off-line 5 processor includes a
dedi cat ed har dygossdegeocessor, the dedi cat ed hardwar e proeesRR59/04437
perform ng application speci fic signal processing. 33. The
interface of Caim 10, wherein the shared 10 nediumis tw sted pair cable,
coaxi al cable, power I|ine W ring, optical cable, wireless RF or
wireless IR 34. The interface of Claim 10, further including a
hybrid connected to the shared nedi um wherein the 15 receive CODEC, the
transmt CODEC, 126e CPEhe¢ inmgtHodhdEr Claimdel@ckhersich tthe cehlinshgn detect are

interfaced to t r rg%ﬁ, 5. The
interface of C Qgﬁ?iﬁcg\r/]\ﬂ{erel n %?gglse%rgl gggg? %Se gﬁggkgfs re each
characterized b§uadsatugg amplityde mpgpdatigR- set of paranmeters including a
nodul ation dmta rate, a nodul ation coding format, and a dat a packet

format, and the t qﬁﬁ_rm; Iy | n Qg;gse e .0f 1 he series of
dat a packets %56 o@gp |dﬁt §r (E:é{no?ljd g %\%ner@%lgﬁﬁgﬂé set of
parameters for 8agHenfetanrd & @éde’ﬁsaaﬁae?a%ca(@ gnogiudated BELngi zed for a

set of channel ghagastere duplditude hoaalabidg. transm ssion between the host
station and 30 one of the set of stations.

10 128. The method of Claim 112 wherein the training
sequence and the address field are wmodulated using
quadrature amplitude modulation.

129. A method of recovering baud phase data from a
15 data packet, comprising: _ '
calculating a phase estimate from a preamble
of the data packet, the preamble comprising two
- tones wherein the two tones have been mixed by a
path-dependent mixing frequency.

20
130. A method of encoding a scale factor into a header
of a data packet where the header is precoded using
Tomlinson precoding, comprising:
quantizing the scale factor using nonlinear
25 quantization;

rotating the phase of subsequently quantized
values for the scale factor;

encoding the scale factor in a first symbol
of a precoded sequence.
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37. The interface of Claim 36, wherein the set of paraneters is al so
optim zed for a set of network interface capabilities between the host

stati on and tho one of the set of stations.
99688638, The interface of O aim 35, .wherein PCE/USOYO4QET

-54-
paraneters for the receive data packet are determ ned by reading the
set of paraneters from a.header of the 1/37at a packet. 5 39. The
interface of C aim 35, wherein the set of paranmeters for the receive
dat a packet are determ ned by deducing the set of paraneters from
timng of the receive data packet in relation to the series of data 10
packets. 40. The interface of Caim 35, wherein gh»e set of
paranmeters for the receive data packet -are determ ned & by deducing the

set of paraneters fromone of .the set 15 of statlons that transmtted the

recei ve data packet. —
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41. The interface of Caim 35, wherein the set of paranmeters i s deduced

fromthe receive data packet. 20 42. The interface of Caim 10, and
further incl Ud*g'B o/aes8s 2t | €ast one other receiver and at | eaglrRigsoRkIIer
transmtter, the at feast one other receiver and the at | east one ot her

transmtter being interfaced to one of t | east one other shared
medium the at | east one 25 other transm 2,{73 bei ng connected t oot he
transmt queue to receive a nedia dependent transmt packet ?

cket hase t he nedi a

transmitting a nedg
dependent transm t| packet, the at > | | east one other receiier receiving a
. . <
medi a dependent 30 receive data paéket fromfhe at | ¢ast orme |other $hared
medi um and sendi ngl a medi a dependent | sanBe-packet t() t hg rgcei ye
gueue. 43. The interface of O aimd42, |her egn tHe—megdi 4 B dependent
sanpl e packet identifies the at |easl one 2;3_ @
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ot her receiver and the nedi a dependent transmt packet identifies the
at | east one other transmtter. 44. The interface of Caim42,
wherein the at | east 5 one other shared medi umincl udes the shared medi um
wher e a nmoduWep/@essq r equency of the at | east one other PEEERT and t he

at |l east one other transmtter differs froma nodul ati on frequency of
the receiver and the transmtter. 1@&7 45. The interface of Caim
10, wherein the off-line processor conpri ses: g a
denodul at or connected to the receive queue and the h station
t he denodul at or receivi ng 15 the an‘nl e nm‘kpf and nerfo m ng Si gnal
processi ng to generate host formatted data; and a
nodul at or connectqy to the tr gueue and t host station,
the nodul ator rec& ving ho$$ formatted data fromthechost [station
and 20 gedeﬁatlng thé tr nsm tepacket. 46. The i|nBerfade of
Cl ai m 45, whereijn¥ he denodul af oe, clonpri ses: % a resanpl er
connected to redeifye the sanpl packet and that adjlusts the sanple
packet nodul ati on and] phas¢= an RX fill ter cgnnected
to the resanpler}, the RX filtjgr anplifying and filfiering @ signa
from the resanpler; 3 an equalizer recgiving g signal
fromthe RX filter and rgenovilng i ntersynbol interfegrence
effects: a slicer—chonedtied ta the equalizer and
deC|d|ng on out put synbolslbased on|a |sji ghalf {from 35 tthe equal i zer;
and ' '
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- 56- error
out put synbols fromthe sli:cer and statistically
synbols to for @%@%.dMa stream 5
Cl ai m 45, wherern e error

out put synbol s optionally.
wherein the error
when the denodul at ed data appears to be received in

Theé interface as in Caim46, wherein the equal i zer

10 48.

f eedback equalizer with adaptively chosen paraireters.
. . . . /7
interface as in Caim46, wherein the /
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correction circuits that

recei ve the

: adj ust the out put
47. The i p@rfsaianf
correction circuits are applied to the

4éﬁe interface of Caim47,
correction circuits e applied to the output synbols
error.

15 49.

is a decision

PROCESSOR

50. The

FIG. 4



20 adaptively chosen paraneters are stored in a table to provi de for

adapt ati on across successi ve packet t ransm ssi ons. 51. The
interface as in Caim46, wherein the 25 equalizer is a |linear equalizer
wi t h adapt i vWPW9/d68&en par anet ers. 52. The int er PAEESHBH O ai m
51, wherein the adaptively chosen paraneters are stored in a table to
30 provide for adaptation across succe5&fve packet transm ssi ons.
53. The interface of O aim46, whegein the receiver perfornms a parti al
signal processing function. 35 &38| &-57-
54. The interface of Cl aim53, WAekein|the parti al si gnal J] ocessi ng
function includgs—tTmmgTecovery:
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55. The interface of Caimb54, wherein the timng 5 recovery is based on

the header of the data packet. 56. The interface of Caim45, wherein
the data pacng099,4688|6ncl udes several carriers and;the denodup@#gsse/ndas
conpri ses: a resanpler connected to'receive the sanple
packet and that adj usts the sanpl e packet 7 nodul ati on and phase;
an RX filter connected to the resanpler,6/% RX filter anplifying
and filtering a signal from 15 t he resanpl er; an
equal i zer receiving a signal fromthe RX filter and renoving
i ntersynbol interference effects; a fast fourier
transfornmer which converts an 20 equal i zed signal fromthe equali zer
to a transfornmed signal representing phase and anpl i tudes
for the several clarriers; a mul {i channel slicer which
receives the transformed signals af#|produces synb% esti mates; 25
and error correction circuit t receive thel! synbo
estimates and furft her denodul ates and decodes the & apsforned
signal to forma jhost data stream 3( 57. The intgprface as in
Cl aim 56, wherein|the equalizer is a linegar equalizer wth|adaptively
chosen paranef ers. 35 58. The interfage as in Caimb56f wherein the
receiver perfprifs alpartial signal processing function.
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- 58- - 59. The interface of Caimb56, wherein the partial

signal processing function includes timng recovery. 5 60. The interface
as in Caim59, wherein the timng recovery is based on the header of
t he data pachex99/46886 61. The interface of C aim 10, wher 8CHUS04437
the off-line processor conmputes an echo 10 replica of the transmt
packet and stores the echo repV/2(7a in the transmt queue with the
transmt packet; and the col |isi@lgject receives
t he echo replica, subtracts the echo replica fls):ras@e of 15
the series of data packets to forma difference S Fefel, and
generates the ¢ollision signal if the difference | evel I s above a
pr edet er m ned _ thresholde——20 62 _The interfacef of @ ai m 10,
wher ei n: an echo Jreplica of a|fixed gortiqonlof tHe
transmt packe} is_conputed gmd—s o2d by epff- - :
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| i ne processor; and the collision detect subtracts the echo

25 replica froma corfyesponding portion of one of the series
of data packetygobd) 6§&rm a difference |evel, and gengrfiSsudiiye
col l'ision S|gné? ? difference level is above a predet erm ned
t hreshol d. 30 63. The i nterface of Clghﬁ110, wherein the
carrier/header detect and collision detect/“etects ngi se.on the shared
nmedi um and treats the noise as if it were the data c‘adg,sson 35
-59- 64. A nethod of network |nterfaC|ng£b€tneen a host
station and a sef—of statrons, CONprising: erv1ﬂg a data
packet from a shared nmedi um t he sh |un1connect| ng the host
station with 5 the set of other stations; detlecti ng
that the data packet is a receive tate pacKlet that—T$ difrected
toward the host station; | coned i ng Ehe receive data
packet to a S © ] S
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10 sanpl e packet; storing the sanple packet in a

recei ve gueue; perform ng signal processing on the sanple
packet to. obtain host formatted data, the signal processi ng bei ng
perfornmed sewomouss and 15 i ndependently in an of f - PeHESBOEEESSOF
and sending the host formatted data to the host
station. 65. The net hod of d ai mg“ﬂ7 wherein receiving a data 20
packet conprises recogni zing boundaries of the data packet . 66.
The nethod of C aim65, wherein the data packet is a burst-oriented
packet. 25 67. The nmethod of C aim 65, wherein the data packet is
i nbedded in a continuous bit stream and the boundari es of the data
packet are marked by a unlque synbol sequence. 30 68. The method of
Cl ai m 65, wher ei p—the—dat= pa\,r\ct S rnpedadet—ir—a—conttnuous bit
stream and t he boundari es are nmarked W fh sidg- bandglaarr ng signals
carried on slepar ate frequency divi si offr car r%e@s 35 E 69. The net hod
of Claim 64, furfther conprising: ?E 'cé':'a - 60-
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~receiving host formatted data fromthe host

converting the host formatt;ed data to

storing the téﬁt?ﬁsgk packet

converting th
transmtting the transmt data packet
70. The nethod of C aim 64, wherei
to the sanpl e packet conprises

packet. 15 71. The nethod gf
data packet is the receive dat® &k
froma header of the data packet
is the host 20 station. 72.
that the dat a packet

inatransmt
B t gueue to a transmt

station;
a transmt packet; 5
queue; PCT/US99/04437
dat a packet; and

ontwﬁ) t he shared nmedi um

nve g the recei ve data packet
pling and digitizing the receive data
64, wherein detecting that the
conpri ses readi ng a destination
nd determ ning that the destination
rethod of C aim 64, wherein detecting
e@ta packet conprises

Hecgl pt of the 25 data packet in

relation to previously recei
destination is the $ost
wherein detecting that e

conpri ses

!

RﬁC
o
S
=3

estimated

packetrs amg deter i ning that the
73. Hpe 1ret hod Bf=0 ai m 6%
ket is th@{redeive (ﬁt‘g p@:ket 1
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deducing a destination fromcontents of the data packet or a header of
the data packet and determ ning that the destination is the host
station. . 35 74. The nethod of Cl aim 64, wherein detecting that the

dat a packet MmO WHesssecei ve data packet conprises PCT/US99/04437

-61- deducing a destination fromone of the set of other
stations that sent the data packet jand $ o¢r m ni ng that the destination
is that of the host station. e met hod of Lljai m 64, wherein
detecting that the dat a pack(ﬁ"d? the receive dat-a packet conpri ses:
denodul ati ng tag froma headeg o he data apacket; and
conparing thgjtag to a uni queats®g pssigredtto 10 host station.
76. The math‘a{{f C ai 54 E/né’reQﬁetectl ng that dat a packet is

the receive daty packet ﬁ)rgar s8s | < =coma8| ng a.re syngols from a
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et p— E
o Q. B 1]
made 2525_ g @ = 5 i
S g = = — w 1Y
= A= <3 [T~ ]
- D = g -~ QO B © (=]
w5, = o = S o =
g0 [=211 - <O
KD U ‘D‘E E =
— ——r = 2 S =
- 0 c 2 B =
-— et bt <
— 1] E =
g QDO
i=]
E‘\. 1] |
| — - QL
s 5 E o
o -— S =
=) g 7 L
= | 1 BE
1| © } P
v o . o £ w E < —~-——
[ o .2 = =
E w - = El % o=
S = S 5| = [T =
g-ol S50 g - E&
£ n ol =2 —r—
== =
N = a.
[SNR—] o
- e
\ [=
o 5 ~— | ©
—— hand
S - —_—
| 3 = =
(=] -1 = <
- 2 b=
] (4] 1=
- . (=}
-— o S =
e = [7-3
s
glls| ~ = AR
L ot o = - ——
- O Q ! y O O O = | (=~
o S = =28 =228 5w Ea| o
= Ee= £ 2 =l =2 ] =
= = e S | s ol B | (]
o = - = “» S| = — L 3 t=
S G 3 S | o| T o = & S
o L = = £ | = .= =
o= . 172} ——
2 =] > > =1 > [>o]
o - = 5 ol & @ —
A J 7= =] e .-
-— = £ -—
— = = i z
SR =
] ( | S P
L = R r —5C -~ -—
E © q—% o -
S w5 < o0 93
2T L2 |l e I L D D
o S E |3 3 Swo |5 cuolB
ExE =8 | 3 s c--s-co:-aq:oc
- L
g = - =4 =4 o - o c O
i © Qg L — - g = E o
oD = = - L o9 - D o
=2 =5 - aw ol o el 3
- o £ @ “ -— Q——UQ-Q-
5 ) S E c+— E B
oo = LN O == S A
—b— o w
‘g [oumntemms YN sxmmte 1 ‘
TETE D
2% £&a
o o o c -
S5 < 8 o
= = g
o B ~ —
- T
co;"-.ge &.
- N ==
= E®
= ==
=
gt -

.

SUBSTITUTE SHEET (RULE 26)



froma received header with a unique tag assigned to t he host station.
77. The nmethod of C aim64;:wherein detecting that the 20 data packet is

the receive dakg.fieket conprises mat chi ng a preanbl e of pihrisobiniaas7
packet to a fixe signal preanble unique to the host station. .
The nethod of C aim 64, wherein detectin Z)Qat the 25 data packet is the
recei ve data packet conprises readin 3 destination froma CDVA
overl ay. 79. The nmethod of C aim 64, wherein detecting that the
data packet is the receive data packet conprises 30 reading a destination
from header information conveyed ~in a frequency division sub-channel
separate fromthat ~used for the data packet. 80. The net hod of
Cl-ai m 64, wherein performng signal 35 processing on the sanpl e packet
conpri ses: -62-
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determ ni ng proper nodul ati on and phasing for the receive data

packet ; resanpling the sanple packet to reflect the
proper nodul ati on and phasing; 5 filtering the sanple packet to
renove ef f ecWo 99/46886 of flat loss and band-1limting thePERESPER7 si gnal
with a matched filter; removing intersynbol interference from
t he sanpl e packet to create ? t;lte,red sanpl g —30
determning a sequence, of ougput s f rigm the filtered ganpl e
packet; and c CQBvertl [Ig out pn%t‘gsyrrbo | a b stream @ )
decodi ng cagi ng fungf L_ons thgt wer gansmtieB 15
81. The netHod of Ct‘g'a 80 v@erel N =pr ofer_ duEa’éi on
and phasing c ri s eaoEryg a e taﬂpac@t_t det & m ne
channel chaxact Qj‘T“StIGg__Eﬂ ' dnefels in aB@E nmoduljation
profiles table. E B2. The netH i erein rining the
proper nodul ation a-ntl-pham ongr i i Mo he » per nodul ation
and phasing from contents of the 3 45 packet . g e met hod of
Cl ai m 80, wherein detlerm nipg the @ nodul atiof? Phasi ng
conpri ses deducing th roper JIuI atic;n and pha&sa.@ I mng of the
data 30 packet in relaHenrto—predi [4 packet sé g The net hod
of Caim80, wherein defjermning the| roper nodul“at?® phasi ng
conpr |_ses deduci t+he % = _\§
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proper

i nt er synbol

t hrough an equalizer filter.

equal i zer

nmet hod of C aim 80 wherein determning t

conpri ses:

estimating a maxi mum | i kel i hood sequence with
error corrggting the maxi num

and

10

ce conprises passing the sanple
b8 5 86. The nethod of C aim 80

P.‘Lﬁ?dbaCk filter.

filter

modul ation and phasi ng from previously received 35 data packets.

85. The:nethod of C aim 80 wherein renoving the

%:g{us%i’s

i ncl udes a deci sion

usi ng a Reed- Sol onon bl ock d&Eoder. 15°Z

wherein determ ning the
mappi ng the output synbols

uint8 dst, src, pth, pri

uint16 nsamps,

t a b.gt st rghm

uint8 nbits_per_baud,
precoding_ncoeffs,
, cfloat64} preco
fcint16, cfloat64} eq_co
uint8 transmit_ncoeffs,
uint!6 transmit_nphases
{cint16, cfloat64} transm

uini8 trellis_flag,
unit8 eq_ncoeffs,

(" mod params;

uint8
/ fcint16

s@quence of out put

pa

7
el n the
87. The

sequence of output synbols
mappi ng the output synbols to a bit stream

a Vit
| i hood

5

er bi

decoder ;
sequence

88. Bi®'nmet hod of C ai m 80,

1208

queue

1404

§ int16, float64 |
modulated somples
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uini8 dst,
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and error
recei ved

| i kel i hood sequence using a Reed- Sol onon
89. The method of O ai m 88, PGHEPROMIT he

decoder,
present when the denodul ated data appears to be

estimating a
wherein the option is
ket .

6/ 28,

present when signaled in a header of the data pac

-64-

25
The met hod of C aif

on the presence of an option,

WO 9/e688Gier .

maxi mum | i kel i hood sequence with a Viterbi
30 90.

correcting the maxi mum

bl ock
in error.

and 20
option is
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determ ni ng proper nodul ati on, phasing and 5 decodi ng functions for
the receive data packet; o resanpling the sanple packet to
reflect the 0 99/4688¢’’ OPE€r nodul ation and phasing; pcT/Used/ddidzer i ng
t he sanpl e packef 'to renpve effects of flat loss and band-limting
t he received signal 10 with a matchI%??ji | ter; renovi ng
i ntersynbol interference fromthe anpl e packet with a |inear

equal i zer havi ng adaptively chosen paraneters to create a filtered
sarpl e packet; 15 transform ng an equalized signal with a fast
fourier transformto obtain a transforned signal representing
phase and anplitude for multiple carriers; and

converting the transforned signal to a host 20 data bitstream by
decodi ng codi ng functions that were appli HO at a transmtter.

92. The nethod of Caim91, wherein determning th proper nodul ati on,
phasi ng and decodi ng functions 25 conpri ses readii,r{; a header of the data
packet to determ ne channel characteristics #And | ooki ng up

paranmeters in a nodul ation profiles table. 93. The net hod oft6dd ai m’
91, wherein determ ning the 30 proper nodul ation, hasi ng and decog nF?
functi ons conpri ses deduci ng the preper—TodutatTomamd—ptastmgO BRIl from
contents of the dﬂsbfi packeH602

1603 1604
(?) 17 . ,\?3 i N Bt e
BR2 BR3 NID
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- 65- 94. The nethod of C aim91, wherein determning the

proper nodul ati on, phasing and decodi ng functions conpri ses deduci ng
t he proper nodul ati on and phasing 5 fromtimng of the data packet in
rel ation to WPEYHESE dat a packets. 95: The mnet hoRCHPS®MHB T 91,
wherein determ ning the proper nodul ation, phasing and decodi ng
functions 10 conprises deducing the ptpper nodul ation and phasing from
previ ously received data packets. 96. The nmethod of Cl aim 80, wherein
determ ning the sequence of output synbols conprises: 15 )
mappi ng the output synbols to a bit stream estimating a
maxi mum | i kel i hood sequence with a Viterbi decoder; and
error correcting the maxi num |l ikelihood sequence using a _
Reed- Sol onon bl ock decoder. 20 97. The nethod of C aim91, wherein the
adaptively chosen paraneters of the linear equalizer are stored in
-3
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a table to provide for adaptation across successive packet

transm ssion. 25 98. The nethod of C aim 69, wherein converting the
host formattedygdoéissed the transmt data packet conpri sepceRISYRI4iITNg
fromdigital format to digitized data packet format. 30 99. The
met hod of Cl aim 69, wherein converting th@ transmt packet to data
packet format conprises performng a /%Jital to anal og conversion.

- 66- 100. The nethod of C aim69, wherein transmtting the
transmt data packet conprises: detecting whet her or not
anot her data packet 5 exi sts on the shared nedi um

detecting whether or not there exists a data col l'i sion;
transmtting the transmt data packet to the

«
—. /)
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shared nmediumin the absence of another data 10 packet and the data

col l'i sion; reschedul ing transm ssion for another tinme if
the data collision condition occurs. 101. The nethod of C ai m 69,
wher ei n det e 99Y688hiet her 15 or not there is data collisi oRCEGNHHUEGES:
generating an echo replica of the transmt data in the off-Iline
processor; storing the ecfgyz'[ eplica with the transmt
packet; 20 creating an echo data packet along with the :
transmt data packet; subtracting the echo data packet from
t he data packet to receive a difference signal; _
detecting the data col |l i g+eR—iF—the—25— —e-ference signal is above a
t hreshol d signal . LO%. nmet hod of C @) 9, Wherein detecting
whet her or not therefig col lision c%:— —
generating an echo replj¢a o constant 30 sporfion of the transmt
packet in the off-lineg processor; céati ng an echo
replica data packet fr#&En.the echo replica;, Jo Y= storing
the echo replica data gpgket; . -67-
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subtracting the echo rep
portion of the data packe
detecting a d i sio
t hreshol d si g%@ﬂg&ds 1
detecting noise on the sh
were a data collision. 10
an echo replica of a fixe
synchronously sanpled fro
transm ssion and 15

I ca data packet from
t to create a differ
nif the difference 5 S
03. The nethod of C aim69, f
ared nmedium and treating the
104. The i 20/ ace of O
d portion of the
m t he shared nmedi um
stored by the host station;

collision detect subtrac
porti on of one of the

| evel and gener
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30 conparing the set of convolved addresses with a

segnent of the received signals of the data packet correspondi ng
to an address field. 106. The nethod of C aim 105, wherein the
training 35 swxpassse i s a periodi c sequence with period N woemsesddas? is
greater than a maxi mum channel | ength. - 68-
107. The nethod of O aim 106, wherein N%fﬁ-la power 2. 5 108. The
met hod of C aim 106, wherein N=8 and th traini ng sequence conprises a
sequence of QPSK synbol s. 109. The nethod of C aim 106, wherein N=16 °
and the trai ni ng sequence conprises a sequence of QPSK symbols. 10
110. The nmethod of d aim 106, wherein N=32 and the traini ng sequence
conpri ses a sequence of 8-PSK synbol s. :
o
T T T T lo
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15 111. The nethod of C aim 106, wherein N=64 and the
sequence conprises a sequence of 8-PSK synbol s.

of C ai m 106, rein N=4 andithe 20 training sequence CONPpEHESH9R4437
PSGHE |

sequence of
training

carrierl ess
wherei n the
carrierl ess
wherein the
carrierl ess
wherein the
carrierl ess

B

training
The net hod

112.

sequence and the address fig%ﬂ are nodul ated using

anpl i tude- phase nodul ati on.

| s. © 113. The nethod of d aim 105 wherein the

114. The nmethod of C aim 106

traini ng sequence and the address field are nodul ated using
anpl i t ude- phase nodul ati on. 30 115. The nethod of C aim 107
training sequence and the address field are nodul ated using

anpl i tude- phase nodul ati on.

116. The nethod of C ai m 108

training 35 sequence and the address field are nodul ated usi ng

anpl i t ude- phase nodul ati on.
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117. The nethod of d ai
address field are nodul
nodul ati on. 5

anpl i t ude- phase nodul at
training
carrierless anplitude-p
wherein the training 15
carrierless anplitude-p
wherein the training

20 quadrature anplitudpgy

wherein the training
quadrature anplitude
wherein the training

o
2
=]
guadrature anplitude £o
[~=]
«
o

1.5 e

m 109 wherein the training
at ed usi ng carrierless

i on. 10 119.
hase nodul ati on

sequence and the address
hase nodul ati on

i on.

sequence and the address
dul ati on.

121.

sequence and the
anpl i t ude- phase

118. The nethod of Caim 110 wherein the training
sequence andWOP8M6886ir ess fi el d are nodul ated using

car PCEUS4437

The met hod of C aim 112
field are nodul ated using’
The nethod of C aim 105
el d are nodul at ed usi ng

&7 ; W3the Jnet hod of Claim 106
Mice and the a8} Wet-d are nodul at ed usi ng
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fileld

(=)

nodul at ed usi ng

FIG. 2

1
Ik
=

(]
o
i
1 i ] 1 ]
= (= o)
3 ~
= |- -ON
= | | LI
—
a R
] ] 1 | ]
0 R« e R
— (=] (=1 —
| ]
] ) ¥ i ]
- g
3 -
= |- —ON
> -
= g
. & & |- =
_ 17
1 1 1 1 1
W - w0 = T w0

SUBSTITUTE SHEET (RULE 26)

The nmethod of C aim 111 wherein the .
sequence and the address f23¢p are nodul ated using
120.
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30 124. The nethod of C aim 108 wherein the training sequence and the

address field are nodul ated using quadr ature anplitude nodul ati on.

125. The net hogoel, i m109 wherein the training 35 sequengetaRdh/ il
address field aré nodul ated using qguadrature anplitude nodul ation.

- 70- 126. The nethod of Cl,aim 110 wherein the training
sequence and the address field are nodul 32(44217 usi ng quadr ature anplitude
nodul ation. 5 127. The nethod of Caim 111 wherein the training
sequence and the address field are nodul ated using qguadrature anplitude

nmodul ati on. 10 128. The nethod of C aim 112 wherein the training
sequence and the address f+ '

- quadr ature anplitude
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