|}~ * vT 5 Septenber 2002 OFF- LI NE BROADBAND NETWORK | NTERFACE
BACK mm&D OF THE | NVENTION This invention relates to receiving
data I'l'y shared mediumin a network interface where a 10
portion of *tﬁhes*r equi red signal processing is acconplish éHtEﬁt[bieE? 02
i ndependent of receiving the data. 2_ BACKGROUND 15 Packet-swtc e8
comuni cati on networks are often used in the transm ssion of data over
shared comuni cation channels. Shared conmuni cati on channels may exi st on a
vari ety of physical_ nedjia_such_as _co 20 tmnste air. coaxial cable,
power |ines, opti CQF%aB&e‘],E VPBQA;&% eTtPEE ERPAGE] wirel ess IR
(infrared). A systemthat has found w de- spread commercial use is Ethernet
(see "Multipoint Data Communi cation System Wth Collision Detection,"

§5|fﬁéfgfa2€esg ?22h§?8uel?:uﬁgegeéhcéégoég;7shghNggcgtLgrﬁetﬁwummmmmummwne
access ng several stations contending for use of the shared chappel

Et hernet is based on 1-persistent Carrier Sense 30 Miultiple Access mnth
Col i si on Dét-edIELOSOR) GHE JHVERNTION| | i si on resolution algorithmreferred
to as Binary Exponential Backoff (BEB). A typical packet-sw tched network
is showmn in Figure 1. In ure stations 102, .104, 105 and 106 35 are
connected to a sHEF&d ¥ qﬁ%?ﬂbfe%ﬂtFﬁoﬁﬁhr&ﬁFﬁvﬁﬁﬂrd§F8tfGﬁ? &re shown in
Figure 1, a@mymﬂﬁmmlyﬂShaked.EwﬁbmmeHMea De@roskatinoasfaey khegenaected to

Shar?d 'Bfg¥% ug?tﬁgquQgHﬂ%%p%;gE%lb r%%%sggnérgsvariety of available

physi ca inc i Ng copp coaxi
accompllshed off-line, lndependent of receiving the

data.

2. BACKGROUND

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 as Ethernet to coordinate access among several
stations contending for use of the shared channel.
Ethernet is based on 1-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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cabl e, power lines, optical cable and wireless (RFor -. 51R) . 10 15 20
25 30 35 Station 102 shows a network interface 103. All of , the stations
connected to common shared nedi um 10l have a network interface simlar to
network interface 103. Network interface 103 controls a (?ﬁ%ﬁ d

medi um 101 from host station 102 and provi des conver si og t\e}\@gﬁﬁgg‘g?
station formatted data and data packets on shared nedium 101. Figure 2
shows a typical Ethernet network interface 210 installed in a host station
220. See "Carrier Sense Miultiple Access with Collision Detection (CSMA CD)
Access Met hotbafHePrshysivc e copdrecsseeite shaas meiNgiw (183 sihaxswb. 3,
Fifth Editi aeediQf6-104- 2y Behemjeomehaoktaiider it endlid disiea typi cal
network interface 103 (dF.i gure %)d.provi di ng. acce s%_o shared medi.um 101 from
host stati orPP50-Cay BIHA yRCHUHAS 58PS it FhckEty i3 or k
interface 2knkare gravgpedinetso @pthysilc glablRHYnd ayigre 1233 aRF advedi a -
Access Cgntr )_( MAC) | ayer 201. Physical layer 200 (the |owest |evel |ayer
of the interface) interfaces to MAC | ayer 201. Signals ReceiveBit (RB), .
TransnitBit (TB),StadliansildrDehems COEtward dayte P -CcSAr @fexchanged

bet ween PHY gy a5t A0Qran &IMhE draye it o2 Cbmmiddish et s Gam a1 HYe | ayer
201 i nplenments an access cantrol .al. orittg{?and transl ates between a sanple
dgar 206

packet bit <MYt gREFranePE ™ SPTE Hovex A% dat a
packet bit SHetaanrk dmatvfisloe WoBh dootirodtsatacere 2?2 o IghaRAE naydEua?00, a

hybrid 9 I th.r e and.tr ] I f . RHY [ayer 200 to
shar ed éegdi E%dj’go%so“?%légrte%g%%%& g(égntagﬁfﬁéoﬁéﬁa?%ﬁ% 203 and a
carri er senseet@n COBEC/sHEMION Formptsest davar aaGDANGE nacksdy wrct i on

W th Carriergioense vl Jietigats the presence of a transm ssion on shared
medi um 101. Carrier sense 202 outputs the carrierSense (CS) signal

i ndi cati ng whet hediiBrehct shayst & fadde lofthest 9hAdm 101 i s det ect ed.
Furt her, COOR(H{FMI2 203 deerilisdanal ag hdatta graciéeirs yxcei sk by hybrid
209 fromsshaged nedi 101 .j nta _t.he .sanpl e Kk it sStr fram PHY | ayer
200, Typeean SR B B I H A< B et S ety

anti -al i asi n{CSMAY/ A rlarssiase Methask andakthysicalalleyan digital converter.

The anti - al i g5 00 AL T RES WRIT ATteiEs sela . CHBECPEMAR 30l ioh out the

synbol processing required to counter the effect that channel distortion by
shared nedi th?9910 1% on Efheadsty &tk Jaiadifacmer™@ ore,2 a majority 15
of the signatypiefesstwpriedveaddae ndcei (| ant [@oqass:idhitiy packets from

ohar o BCLMUARE, o ASETEL WDl el Tl SHEIORMD 205,
nmedi um 101 at t heTypiarsitivssisognedt @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
(CD), and carrierSense (CS) are exchanged 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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20 of shared medium | 01. The out put of CODEC/ DEMOD 203, the sanple packet,
is a nearly conpletely processed formof the received data packet and is
substantially converted to host data format. The transmt el enents of PHY

| ayer 200 include a 25 CODEC/ MOD 205. CODEC/ MOD 205 typ|5c§é'_l)grd%q.lzwé§s a
controlled gain anplifier, a digital to anal og converter andt reconstruction
filters. CODEC/ MOD 205 converts an output bit streaminto appropriate
transmt data packets which are transmtted on shared nmedi um 101 30 by
Hybrid 209. Collision detect 204 congar es the transmt data packets being
transnitted 203rtRefoRiuackE otk sCabrierctensne2d? edereetsf the her

transni ssi ongrésencet bera Sttla&mgggssfoﬂaéﬁdﬁﬂékeal @8d P&k UL 61 When anot her210
station I1s transmttin a pac urin the ti en,st I ONn
Sttt o FALRIRH 5888 488 SadCoRES  Fhe "thrhletiense (el ofigadl | 3" %
Sept enber Zomﬁdihetmglwlsenhmetertn(ncm dagaapackdt cahi sigard@t her or not a

data colld SI Fg@ogg n%ge&ggéﬁgg%%PhyﬁbggheLay&rmgg %(5120%3%5' gnal CD from

collision de fromcarrier sense
controller ZGGHVQIMR@III%W @@‘la PrYke By erecobved sby onylpuid 202 recel ve Bit

(RB) signal ¥poRXshypss wOTiwh MY iﬁ&’@rtﬁglsé‘tﬂﬂlé SLNES hie transmt Bit
(TB) signal from TX Queue 208 of MAC | ayer 201 eue 207 receives the

sanpl ed pack8EFFARat ﬁ%‘“s%ﬁﬁe%%%eﬁfz?%cel'@%pB??l%PB) PERAPEMPD o203
CODEC/ DEMOD iﬂalu&i%enatb@ntswpledp@akﬂtamﬁltﬁﬂafet@naﬂdasi@émbiéthX Queue

207, host, pr st on 22 er t he sanp | e packet is
ransm 10 PECaEok EE0Ehn M4 G e ) G b3 0 B0 0RT  <OBYEREE Panem
packet in saﬂ?bheapal;k@llammmtamdommb‘teséolteﬁe oh GORECOEMAD. TX Queue

208 stores tasatéaﬂfgs&u@a@%@twgﬂﬂoligraeﬁggﬂﬁ sen%alféf@nﬁ% SR ARC

control l er 206, aler e pr transmt

packet. 20 CERECEREEr®othilecehapae] hdistankier b&cﬁmrwmdwwk 208,

converts thehhéaaﬁnhtr@@@kﬁédt@adatpa@ﬁ@ket tREPBEoraNda th the data
packet to hyb% gh209 for.transfer.to shared (gedl um 101. BotE TX QJeue 208
0

and RX Qeue Rof 490t PIRRT T LI UbSTURF Tl F9 FRoRbLe data format and
t he signal ppuooesssndgatagoicieet$ ofromceharad wedauhrbdl shared nedi um 101 or

transmtting S d 1 s i n CODEC/ DEMOD 203
and CODEC/ I\/D‘?L)@%{‘ﬂ‘]{ﬂs?SHQ%CHEa}'eilTP t%cg%tdgg??ggggfg%bc%ﬁt rols the timng of

transmt 30 3995(369@%@552?%’6‘&%% s epetloosf t BreceEei M2 of PHY 200.
MAC control | pacﬁeasomcp:utasn@a:@@nhé@imar161 gagl che drafdeues 28, rithe

ransm 70 d3facPaERD GRS chSt ed TES CHERBY. O BecoMr SRioh: e of
CODEC/ DEMOD 288 aadpTODEGEMID, 205 aepeadlpncohplsighal prgcasmskedrodul ati on
format used 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 by 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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5 Septenber 2002 in shared nedium 101 and are strongly dependent on the
requi red system performance and the overall channel characteristics. An
industry trend has been to use nore sophisticated nodul ati on techniques to
transport 5 higher bit rates over nore severely inpaireg gdpgdiigbs2062ausi ng
i ncreasing conplexity in inplementation of CODEC/ DEMOD 203 and CCODEC/ MOD
205. In Figure 2, interface 210 is shown inplenenting sophisticated
baseband or passband signaling using high 10 spectral efficiency signal

i oh el ati o5, iEd e Q@‘&?'h{gﬁ?ﬁ” BRELR, R B choace,
Figure 2 carmottxe %ldﬁtla fQOéclnmtdn CERE® tz&&adepl aced with a phase-|ock
| oop and sanpl e Rar altaé,r e AN CAREGND L0 ie@Daqfe% M th a Manchester

coder and out put, iver. compl exity, cost I p area, and power

di ssi pat i on Pdddisiamestesesit Rffsiand SHMAY 4o 0 Gedwd of srNSke synbol
(or baudg raie atraﬁwtptmecer&&@u%} mmeﬁslmg: regqry ediner miwnheketo filter,
resanpl e, %ual %‘ﬁ, dermodul at and rec % r’st n n the recel ved dat a.
These funct i*ds [RPERRLS It‘j}f‘e et ni EYr8e of

i mpai r nent |2rm7t et Mrleiyea:n(td]hear@eﬂide&lveﬁzf fihed mytsdﬁmerled (crb)t he 25
nodul ati on t 1qt§0“!:o[rx g{;%rma e.zo %@t rsﬁfae}; 1ar&eﬂortl ng

mufti - rregabl t ec si'ghal’s er exi s ing pal rr'wiring (tel ephone
infrastructure) RN Apedts tﬂoﬂam@&@hnhﬁ)cﬁﬁmll% packgtcHan@el with an

i npul seypes ddiato rextrrds apsar @@oers?t Ayl fidie TopRd/PRmopes sever al
hundred (-.500) arithnetic operation c'1)aud A baud rate of 2 Megabaud

requires ovéP3z biffhetobhe sammke @ tat‘i%rﬁonﬁ?slre@e@&ﬁds tpxed del of
conpl exi ty mReyQueack m)mroaﬁss kA e a0t €530 |dIe<btaab;ci\o& P20 He appropriate

for certain ?15 q:evd Cesy t ae“g)l Je acqgecsslsé O‘%"«Dsé“ﬁt channel data rate of

the shared ne vvever enth ona t“02002 interface
nmet hods al s@rtce:qmam: IZGW data rate devi ces, which only require a fraction

of the ghannel dafpry SR T304 NG RUFAED, o A3rBHAEN Sopdh agful | - speed

network 1 nterface suc as the one described above. SUWVARY NTI ON
Accor di ng t SR HREAAT iTEt dEomPregetidc 3hdtr §SEtiiore220he
al | ocati on afx ardwarm and sefd vaie ¢eaomine pddieta amet, WAk i nterface using

packet data comruni cations with ¢ duI ati,an f IRt S Ji S pr esent ed.
The synbol pProcessiT at(? Fhéti Bt r?rslatgle@%é?\ Orhtlfrglr%rt %e%?eaall e media
access functCIngJ/MﬂD Al imidie (ﬁr&t?pﬂ;lcs&/rmibltltﬁ domgsimig padketacconpl i shed

of 1 | ngoandteAmiens Yedd it/ aftul Caehitc Paklha fhdkkqys. A data

packet destined for particular station, the hgst station, 1s received

froma shar éﬁ‘%l%ﬂﬁ ( SRVeILS1the degnsmit Radhell Ibp gRscepaskedy recei ver
el enents i n fidienatostarsd afrnibnic Hhtles Nd#t s apgdiest tpaghatid Etme Faipl ed

packet is a sa itized versj of t.he acket has

experi enced 9 r}'?sffgersatg%aﬁq‘aq‘?o e“é%d]h‘ﬂ“ byt he ek 'ISﬁtqur?t[‘)lerttig) eai“t el f,

al t hough in R@bmmmmm phrta orlsatofis tmkmwmtirl(ycesslmg;tt asks are

acconpl bgheqia}/gat h D -ddie MV@{% éﬂ%.,ﬁ; cé@’& . are held in
at er

a buffer for processin resour ces of e host station not
i nvol ved in Iterf@Ja‘(;t%M%t&eﬁrmm o‘thétteddee%nﬁ&ot&t Qr 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 CODEC/DEMOD 203 and CODEC/MOD
205 depend on the signaling and modulation format used
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Data fromthe host station to be transmtted to the shared mediumis
converted fromhost data to a transmt packet in sanple packet format and
buffered in a transmt queue. The transmt packet is transmtted to the
shared medi um by the network interface when the MAC contggg ']Fé e 206
access to the shared medium -6 5 Septenber 2D02 The signal processing
rate of the systemis therefore scaled to the data rates of the individual
station instead of the potentially rmuch higher transm ssion rate csf the
networ k connected to the shared nmedium Furthernore, enbodi nents of the

i nventi on cénpeheaed fedipmt aAdi endcaygsedtbonghy depevdénngonftie ocessor

resources a%e&ql%eeeytc,@ak.spetr%maaaet aﬁdreﬁta b 8Bal aLhLRAENLS for that
processing. Furthermpie, in an e 8 i ment where the S|gnal processing is

perfor med b§hararkeEdstiffut i AY SPEHSREYnLFERS) E?Ed SPRNESt WER tasks, the
process | oagoire b&@&ﬁed1betpusmowhahtuenrequhﬁQQuésrtusefuhspeﬁﬂunlcation
(goodput) a he r ro or not de e net rk is idle
or carri%s gﬁ?& aclgts egtpﬁgg Skéo g%rgigt?gﬁg pacﬂ%? Ased

pr ot ocol uss;laluel\mgt Anempedimgntomplexhty invémpilementadienlofed in U.S.

Pat ent  Appl i-p PEﬁ@bl§b3Ngggebog§b§§§D6§§5 filed May 9, 1997 and assigned
to the aSS|gnee 0 Is a ication, entitled "Method and Apparatus for
Reduci ng Si gnal ﬁPo€é§§Fﬁg2Re&9FPé§éﬁ?52F8r1$rﬁh@ﬂ?timﬂbeW%EEEBQBased

Data”, i ncorswhatseqcla%al B)alé)ébbﬁﬁeb&n@aslsﬂahﬂssQthlQﬁg‘ ussh§ohi

packet ised prg ffor .ot her packgt based E otocg i n_enbodi nents of
the pre% ﬁ IGAERG 5PASHGdt PERCGFSANMGher FFLPE p§%?th%?e nodens"

t hat ut|I|z&asomemnbnﬂhebpeocb&sedsoprbaeaband shgnhdbsbgcowpther. In
addition to a Sgi ar capable of
recogn|2|ngrgﬁ%%gtgisﬁggnga%a g&% ﬁbEthigggcoﬁngégggﬁ an§n155|on of
bits an a smﬁmﬁjQﬁﬁﬁruﬁﬂgpﬁenésFa@nbédFﬁﬁﬁﬂéf18@eﬂh§hec%ﬂﬁ€éDEM@Dof sanpl ed

anal og packeilo3si@palaselds witdV iadphase -t bak 18 BE“EQ&YSQMﬁIéoad of the
|nterface caused by packets arrjiyving._taster _t the t rougggut capacity

Wil not®r e SAMPIAHTo AR P Wmo?setﬁsre?hf"ge uVEER ﬁgMﬁ eBhEY be
provi ded famdﬁynﬂaam.smg@mksdhhabrare destined for that 5 Sept enber
2002 parti cul ar fid et h th g of t he shared
medium Oten, tﬁ%éé qpagggg étc orﬁeghge ?%ga 8& ?ﬁﬁ% ion, a sanpled
and d|g|t|zédaﬁmEﬂQﬁOWl¥§Qﬁ¥?§mﬁﬁéﬁePf PbYéhF?lsFP§ﬁ¥f9C¢a?§@r t han the

fully proce@ﬁ@w RAth EMHEPHdPA. Ao baludpaelsete abBdf ERE1 BUgnhberefore, may
be acco i shed b

vari ous e%{S i nclu Eoiéson t he sage chip as the
net wor k% SH%Qwﬁﬁﬁﬂi§ PEEhE 8 tﬁ8 dtwbfk FritafPate chlp, First
in First- cnneqﬂaﬂﬂaernaamoﬁuabm@chemdtmetbeemetmmnhglohethace chip, or RAM
shared with races i nte o> n o the
present, |n&éE%?gﬁﬁgpg'%a3|%9mﬁ%bFN§EgRP§? ?Ep?hgggéa? ?ghngognd
i npl ement at iag§, dﬁﬁenmymeﬁ-@bhﬁ&ﬁ siegirey ﬂﬁthmﬁéwEWeBEnﬁDanatlon st andar ds,

and for scal&%btrélcwa;muéatgp&ht&euf erfrf:_atacien@sabtswedf berrtha?:r eﬁsgdbhost
processor performance because the sjgna cessi i s acconplished by
central 4pr dFﬁhhk&H%?Wﬂ%ﬁéﬁﬂ%ﬂ%ﬁ' % RB e’néPw%Vﬁ LPHPerfaces enbodyi ng
this inventiuﬁangpbﬁumngtmmﬂummmegahﬂmysébssugahﬂenowerthgleetmgrk
interface electron ¢cs. .and .qccupy p.area. one, epbedi nent s,

di fferent S|gn§1|ﬁ% an&- &Gfgflgﬁﬁf%Pﬁﬁt 1a;§aﬁF%g to i S|%§?e shared
medi um The&ﬁﬁtﬂbauﬁ[ﬂﬁﬁnﬂamlndeMWWminem-ahehdanalpumkbtas format and
execut es al g RIS driaed Rl hidBler TREvECY BLAA BlReaM Of

heterogeneous pac ets I'n sanple . packet formare intermxed_ 1 n the sane
queues &Rd tﬁﬂﬂﬂkﬁﬁ%nﬁ%?ﬁ?%%uﬁ¥qﬁﬁﬁﬂ dat> 004t exrfisbmeticherayahiPisper - packet
signal procgsst gad@s i HAabirdtdl @fappMegabhaods reghlievsngvkheasi gnal

- processi ng CQQfJeX3%§110 e adg%%%}tCJthe j oI nt gepabilities of sendi ng
and recei vi fy- st Gt 2 YHE &Gn&FpPocessing to be adapted to
uni que channel cmauadkemﬂskﬁbsxngﬂwaamysenqpngedndorpcebebagdatations An

| t t f ti pl e RX CODEC
gn de_rl_;t(a C'O‘SE(? e séligoruherée)catg%ﬁe Gy HY ApREePYi AR P ERY dESeTYhti Pl e

35 devices that require access to the full channel data

rate of the shared medium. However, conventional
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-8 5 Septenber 2002 to the receive and transmt queues. This provides for
a nulti-channel interface that could be used for interfaces to nmultiple
medi a segnents or interfaces to nmultiple frequency division nultiplexed
channel s on one nedia segnent with | ower conplexity tha8epteaier 280 red to
replicate the entire network interface. Another enbodi ment of the invention
I ncl udes partitioning of the signal processing function into an

appl i cation-specific hardware accel erator coupled with off-line software in

a general - pyrpose. host processar. Certajn conmputationally .intensive
sub-functioi§9ﬁ£%ﬂﬁ?:ﬂ%;ﬂﬂé%wéiﬁngﬂﬁu%F% ?Voéﬁ?%dr?Betﬂévﬁﬁﬁémare

accel er at or whikch eeilse et e ughfrtcofon hef cohdi chdnagit daral paaegor dance
with a first. _aspe ft Lphvent i on, is_provid a met.hod of network
i nt erf aci ngttgetc\ﬁ%%& 3-' eogh%%sc{leaxf’l oénr%lane &g% ‘ O?Ps aﬁlgﬂéfpﬁﬂpri si ng:
recei vi ng ang&awerkadindterfiagre swtlarasl theliome déecshbeddabedeum connecti ng
the host station with the set of other stations; detecting that the data
packet is a receive data packet that is directed toward the host station;

converting the receive dataSYARRARY QF FHENVENRERE:: storing the sanple
packet in a receive queue; performng signal processing on the sanple

packet to obtain_host f.ornmatt data, the signal, processing being perforned
separately and iﬁ&&&éﬁ&&ﬁﬂ%?f%*%uPﬁﬁ%GJErﬁP TOCH Or?nséﬂgFﬁga? e host
formatted dahatt opthieilzest tdteatdldmcateioni Wihgaodtaferandt sdf dasseefrom t he
host _stat| 00, 6ANKEL! ifdg: LRI AEAALIAS1 AL FadkBOSHLL, PACKE!

storing the'transmt packét In a transmt Qqueue, erting the transmit
queue to a EPEAYRILcagidraspydikdt camlest impfuditten rmeesthere is data

coll'ision bpregented. The symbol processing functions are
decoupled from the real-time media access functions,
allowing much of the symbol processing to be
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
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 signal
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.

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
MAC controller allows access to the shared medium.



generating an echo replica of the transmt data in the off |ine processor;
9 5 Septenber 2002 . storing the echo replica with the transmt packet;
creating an echo data packet along with the transmt data packet;

subtracting the echo data packet fromthe data packet [ '
di fference signal; detecting the data collision if the%§ie|pfeme\rﬁ?832$i gnal is

above a threshold signal; and transmtting the transmt data packet onto
the shared nmediumin the absence of another data packet and the data

collision. In acgprdan | ec fi.the i,nvention, there is
provi ded a net hogﬁgf ggéﬁ%ﬂr &QP%t(%%?glg’?ng Eet‘%/\j;egﬁlea “%6% e‘ﬁt’a’fi on and a set
of stationsthesafersi agaledctpvithg dada aafgorkaf frhen indiaiddalredi un) the

shared nedi 4gLe98ne¢hkRdalingsheske w@&&a@&h whd¥h Spigid, Ot her stati ons;
detecting that the data gacket is.a receiv at a packe% that is directed

toward the h53ns@LgEieR; rabhveft thg fre iGAnegtepLkdihe o a sanpl e
packet; stogshagetihpeqsunl e packierimdre,r eadiodi e oPafK®r M ng si gnal

processing gﬁyéhg.sangle ggckgt ;o o?ggincpost forgﬁiﬁﬁg_ ata, the signal
. processi ng L8P oPHBAERBE! 4PEI yALTHGHTE FENFST 1Y it%n of f 1ine
processor; seheddayjihgeofioprotesmatt eesdairaeso anondhadthext atagly, recei ving
ot ot betadata LRaTLAE DO splistncRa el phdbe host Tormted
converting Phecesaingit Hustberwoxeyr Ans @it igwaitetwhedest ddid ng whet her
or not therg;§favlabfoc8khifgonNsbperasntical HY ARIRGRY IRIHRAM] a constant
portion of tfe traqgnitﬁﬁfc gé |ntbhe Bff_% n Bro essor; creatlng an echo
replica dat @ puERet M bt FECecHOtPeBFPEY; CEEGS N NPT RIFFST dRdta dat a
packet; subisaréduged heoeghst rehhtcasdabguiaeldetohr ametfmlcor r espondi ng
portion of LAGnG3}8aPEEKC gb8asheRt Gnd EhEl 8hEREY $r¥Wssor is not
loaded when the network is idle or carries data packets
destined for other statiomns.
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
“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
- 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
continuous transmission of bits on a shared medium.
In most embodiments, adequate buffering of sampled
analog packet signals is provided so that momentary
overload of the interface caused by packets arriving
faster than the throughput capacity will not result in
dropped transmissions. This buffering need only be
provided for sampled signals that are destined for that
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-9a 5 Septenber 2002 detecting a data collision if the difference signal

I s above a threshold signal; and transmtting the transmt data packet onto
the shared nmediumin the absence of another data packet and the data
collision. These enbodi nents of the invention are furt | > bel ow
with reference to the followng figures. BRI EF DESCRIPgﬁ%fﬁ%@&#ag&gIGUREs
Figure 1 shows a typical shared-nediumnetwork. Figure 2 shows a prior-art,
network interface to the shared medi um network. Figure 3 shows a network

interface agricAglde &H&tLohr ARl hB‘ltelﬂblxoIﬁheFéﬁH’iQeAfthlrbﬁ%hb%tte%fa”
exanpl e of oft4|rma$ oce slng ob g ckﬁ%hQata IE onpﬁrlson\mt

transm ssi oP§ g rW%.%uTOr fikeBanthgafamPErghREket s hgkmedn by
aIternat|veumdxmbdsmnfumcthenLnaesampmeﬂaandgdmghtnﬁéd gekm of teeei ver

and transmi&eﬁé:ﬁuéﬁ tF'9§r8n£¥SQ?¥8995%bth e§|g§§a ﬁéoc siixg per f or med

as. part of ‘@ pratocol stac ure
accordi ng t@w&lﬂﬁderh0$hv@ﬂmpéhlblgbd195t8éppecﬂset 20BR2fEeyang, 8 shovxs

anot her enbe@idPi¥ord, andFMEP Lekonpeivhbl Bysyatesubaybafsl tiple carrier

frequenci es.

including memory on the same chip as the network
interface, RAM chips attached to the network interface
chip, First-in First-out (FIFO) memory attached to the
network interface chip, or RAM shared with the host
processor.

Network interfaces according to the present,
invention are easily upgraded for improved algorithms
and implementation, for added compatibility with newer
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 inveption
can lead to lower power dissipation in the network N
interface electronics and occupy less chip area:

In some embodiments, different signaling and
modulation formats are mixed on a single shared medium.
The off-line processing identifies the data packet‘s
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
applications: allowing the signal’processing
complexity to be adapted to the joint capabilities of
sending and receiving stations; and allowing the signal
processging to be adapted to unique channel
characteristics between sending and receiving stations.

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

-8~



Figure 9 shows partitioning of the off-line processing into a hardware
accel erator coupled to 5 software protocol processing. Figure 10 shows a
bl ock di agram of an inplenentation of the preferred enbodi nent of the

i nvention. Figure 11 shows a bl ock di agram of the C@Edé\%%térgbér% shown
in Figure 10. Figure 12 shows a bl ock diagram of the denodul"ati on process
shown in Figure 10. Figure 13 shows a bl ock diagram of the data nodul ati on
process shown in Figure 12. 15 Figure 14 shows a bl ock di agram of the
modul ati on processing shown in Figure 10. Figure 15 shows a bl ock di agram
of the mfuIth®rresiie iandi ghresait gugues.16Thhswpravideisc forhome

networ k. a2Quiiitgichabife 15 aYEe £ F&ck TPHABEcHRIROBEC uBE 4t Esxﬁet work shown in
Figure 16 when a | are properly

|l of th t,erfi nal .jacks of the networ
t er mi nat dRCFIGHE ffB“é‘ﬁo%P ety uBREPeRES pBRsdnberfacesetaor k shown in
Fi gure 1@ulhsiplsl Frofqudiey lividdon waliapkexef EASnAHTWOLK 8£§ property
0

term nated. q:Fiqures 18A .t hrough 18F show a 4- CAP constel |l ation r several
baud r at g‘%d&r? f r?ejtvﬁlktq'sﬁ'b Tt ncﬂﬁg?’é”ig Frag khat reguizedi nal j acks

i n the n&owaepldmater dber lgnttiareri matwolrk 3DnEegfiace 19A shows the inpul se
response of t I ' ; . he terminal jacks of the

network are not termnated. Figure 1 e freq ¥ response of the
net wor k BRSKALARMNGuPE fhenfdonade REocefaing afiecbionsinbe amet work are

not ternapplladatiohlspe2i®aR! HHAYIwaAW 20 FHdld E5c P A:&%j?ﬁ& hﬂf&'\: show a
r S

4- CAP cog?%_e_al.ation for several baud rates on the net own in Figure
16 wher eOFfie HEFPREFYPEEKI P [ FFNSTAVRUERE MRSt rREReesSe®yr ni nat ed. 5
Fi gure 2Cesheim aompuphe idabad lyadkaterdaiie gsub-PRaarti shSNge & header

i nf or mat EQB‘:\B@ bﬁ.lﬁc@g@.dt% ad 31R3d.Qag% q:ac; %he hardware

accelerator for increased throughput of the cowbined
system.

In accordance with a first aspect of the invention, there is provided a
method of network interfacing between a host station and a set of stations,

comprising:
receiving a data packet from a shared medium, the shared medium

connecting the host station with the set of other stations;

detecting that the data packet is a receive data packet that is directed
toward the host station;

converting the receive data packet to a 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
independently in an off-line processor;

sending the host formatted data to the host station,

receiving host formatted data from the host station;

converting the host formatted data to a transmit packet;

storing the transmit packet in a transmit queue;

converting the transmit queue to a transmit data packet;

detecting whether or not there is data collision by:

generating an echo replica of the transmit data in the off-line

processor;
-9..



Figure 22 shows a nethod of determ ning the baudphase and decodi ng the
header. 10 Figures 23A and 23B show a scale factor constellation for use in
the nmethod shown in Figure 22 in conparison with a 4-CAP constellation.
Figure 24 shows another nethod of determnining the heades Sepfeaivenboon. 15
Figure 25 shows a sanple equalizer training sequence for use with the

met hod shown in Figure Ln th I gur t he r simlar conponents
appearing in nul t| 7@9‘%\?&?‘&0 P WHE'E‘JF‘@&HV"P'@BM 20 DETAI LED

DESCRI PTI ON Accor I \ﬁ(ﬂ; th8 SransaHwed tapcke i ng
required for rece%?%bﬂgg?ﬁ?regﬁgr%?f éc‘{é} q gat gﬁstreaamfromg shar ed
medi um | s acconpl isshédctiygy bhepeob@siam padc&tp‘mﬂdhe daita plackelctoadeivenaer f ace.

Figure 3 hovvs a. network interface 300 according to this invention. Network
i nt er f aQlTOIBHCE 31998 aces a host- station 350 to a shared medium 400. Shared

nmedi um 400 30 may dé‘fé’c&in@amé’ d%ﬂaoékﬂllﬁfm sieVipkadiffeshée &gl B abovarayi ng
signals, including copper tw sted-pair, coaxial cable, power |ines, optical

cabl e, tinesheldssigmalaaadwirel ess | R Shared medi um 400 supports a mul ti pl e

access proto r%l o 't:rt ne o g f this
e gt 27%93@%@5%«9&&@9“&‘ Al e D b 1o

of the chann it ol aér of
stations on %89@?8%% her ore uéetl?blf?get Fig%hggfgﬁgiée)rssﬁ?\ng e

di f f er entethod oeaehvcmﬁtulftedacmga)éiwaen\mhdxst gtation andarsetiof S@W@Sal I y a
different set of equalization parameters for every pair of stations.

Equal i z&@ﬂlﬂﬁ‘sﬂ'@r aneters and equalizer training is discussed in a |ater
section of tieceiving wnetata (packet HeorshanskareHs mediving rthe Eglariedz erediviai ni ng,

dat o pacmectng e RS SRUSTRILR st o8B 3G 400, 1n Figure 4. daia

E? 25 Ie:)?] ggg dePSti%Bdth%?th‘ r(%té rp%nin} ?ss Iaornesc:e‘ljvees'Eila aega}c:l(()ét trha?el Vcllre%tere] st

toward the host station;
converting the receive data packet to a 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
independently in an off-line processor;
sending the host formatted data to the host station;
receiving host formatted data from the host station;
converting the host formatted data to a transmit packet;
storing the transmit packet in a transmit queue;
converting the transmit queue to a transmit data packet;
detecting whether or not there is data collision by:
generating an echo replica of a constant 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;
subtracting the echo replica data packet from ta corresponding
portion of the data packet to create a difference signal;

_9a'..



15 Data packets 411 and 412 are destined for other stations connected to
shared medi um 400 and not host Station 350. Network interface 300 is
capabl e of receiving any sequence of data packets. The nunber of data
packets received in a sequence is limted only by 20 t I
buffering nmenory, RX QUEUE 207 in Figure 3, and the ac?ﬁgéhéﬁ?giz 2S|gnal
processing in station 350. Signal processing renoves sanple packets from

t he RX QUEUE 207 detectingr af data redliisies i hthendifferencd sighal pewcaledve ian t he
bufferi nﬁggr . %5 Eita packets on physical nmedium 400 are characterized
and treHi'ed %bﬂﬁc@ﬂ ignals. The data packet paraneters used to describe

2 dat o packes parRGhY o fa H%“"g‘f"?Cﬁé‘t&‘m%@ggﬂ}e?aﬁ‘gﬁ%ﬁﬁ*;ﬂ%aﬂoﬂg? y e
bet ween gg%,g& pac rﬂ?ﬁer #&a:&é@(e? d the'Bata col

e characteristics of the data
packets are adj Ubted bwbboémentsspift thegisvenitdont arepffiurithert ransm ssi on
over the PhysbaghelPHE YR CH2LACkerIREERAEACLAL! $h0G8LAhd! Ne data packets
may also b 5 optimzed according to the characteristics of the
transnltt|§b9H6§§ station and the receiving host -12 5 Septenber 2002
station. Optim zation of the characteristics of the data packet involves
the transmtting stati teristics between the
transmtting station %@Iﬁﬁegﬁgéégg?%gﬁoﬁgagﬁgsfiﬁgﬁﬁ e 5 characteristics
of the data packet for optinumtransm ssion. Cenerally, a data packet

the. dat s packet T hoadiraay FAElGds oha:on nedgUhrhifubpker Ty (U1 Sott
destination, solifgeref2tshoyata BuiRErarkpBakyerbniptesfagsdtiati on codi ng

f ormat , baﬂﬂetgﬁhﬁgdlﬂé@iﬁﬁth@ﬂwoﬁm equal i zer training sequence and payl oad
data format. g gﬂﬁ Oﬁd ata incl des t he bei ng transm tted.

The payl oad dat UGl 18 H@EE ﬁBFeﬁgaFaeﬂFF8§ﬁF99 Bul ated. The

“time-line bhepcoceeabrlﬂﬁaptibne line 410 in Figure 4, shows timng of the
si gnal processi 0 hed o Ooaft ecei pt of a data

packet. In Flguggggfg ﬂpi}gng ﬁg Qeé% é%ﬁ@%%? ég %g§rgggénds to an anopunt

of tine. FRFOERafHNE, of Hearkaltdabr 4Bt gomnakéeonowithr responds to the time

required t@réﬁ%i.y@l&'ﬂtﬁlrﬁéckﬁteﬁ{?élﬁnﬂo%hehéeﬁgﬁl@ @htfrocess packet 407
represents the &lne re U|£e igbol rocesmé g of the cogrespondlng
dat a packet . r @ Qwsp?ﬁc% ?ﬁﬁagéXﬁe? BFBeRt eQfohBe to data
packet 4041npemtéss|h@vhmgkmﬂlﬂﬂﬁleoseESpoﬁdsetelderaandcket 405; and

processin sponds to data packet 406. Data packets present
on sharedgtP%ﬁ§ﬁ$5€%9 %%e sl ot 402, data packets 411 and 412, are 30
i gnored by nDstFEﬂ%6©|ﬁeﬁb@wéfoﬁﬁthbﬂﬁ shoBal aproGessbeaause t hose data

packets argeRpbrHes S0 LL: fOF éeﬁgbgécgy statkon 350. Only tine slots such
as slots 1 and, 403 of Figure 4 hol d_data paékets destined for receipt by
S

station 350 and® 19eFer branPHY RN (APROPHERRE 0852 - DEMOD ageerdhg 406 -- are

recei ved foo phecesstagk | iveneiontk i nterface 300. |If data packets 411 and
412 are -13
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5 Septenber 2002 received for storage in network interface 300, additional
menory is required in the storage buffer. Referring to Figure 3, data
packets such as data packets 404, 405, 406, 411 and 412 are received into 5

station 35Q by hybrid 209. Hybrid 209 is a diplexer whiglsdgepbuesodat a
packets from shared nedium 4Q) and ; directs the received data packets to
recei ving functions of network interface 300. Hybrid 209 al so receives
transmt data packets fromtransmt functions i0 of network interface 300
for transm ssion to shared nedi um 400. The receive functions of network
interface 300 i ndl G KE dﬁ%‘%f'&hﬁgﬂﬁ?ﬁe?ys%ng%M%df%ader

det ect 302. s witdnsan sydtumethansngfunkt iptd cateiénctré&f@entdidside gat ed

TX CODEC 305 and 0 I ,Zg@ i S . header detect 302
nonitors the recei .dljéz_i%na &'?ér o%{]ﬂy r%%%% g%dé‘g%t(g%?gﬂf%% presence of a
dat a packet R¥Pcassid Mt Joordware | aFcebasatondcheptied et ect 302 t hen

outputs & 2058814 RS SPSEESD)prbadalihen the beginning of the data packet
is detected. Detection of a data packet on shared nmedi um 400 is based on

recogni tion of pddErHMhERRIE: 2bkAFe A iAIFTHB @B nuousl y recei ved

si gnal from sdigTaskmed ivh 400. t RS ghef begednédfodimentate prasket is easil y

recogni zed andv er&troact ed fromburst-oriented packet format nultipoint
communi cat i ohy Vet shared nedi um However, some enbodi nents of the

i nvention are cafgidwraefll eshows A rglerkl @ékagraniof dbate aCEREGAACfrom a 30
conti nugys bi%gg r8an Q¢ FEPRY {@r recogni zing such boundaries in
te '

burst-orien transmssion IS disclosed in previ ousll}l/ cited copending U S
Pat ent Appl i cati JHiBEre al2 \ehawes DB 6BB2grantPEJthekt hod and Appar at us

demodulation process shown in Figure 10.
Figure 13 shows a block diagram of the data
modulation process shown in Figure 12.

15 Figure 14 shows a block diagram 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 frequency response of the
network shown in Figure 16 when all of the terminal

25 jacks of the network are properly terminated.

Figures 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 impulse response of the
network shown in Figure 16 when the terminal jacks of
the network are not terminated.

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

35 the network are not terminated.
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for Reducing Signal Processing Requirenments for 35 Transmitting
Packet - Based Data." Methods for recognizing the boundaries of a data packet
in-14 5 Sept enber 2002 continuous bit stream nodul ation include: marking
t heboundari es of packet data w th uni que synbol sequenc I lhppinde of
t he packet and detecting thosesequences by a detector dgigg?é%ﬁqéz%qggpond
to thosebuni que sequences; and marki ng boundaries wth side-bandfram ng
signals carried on separate frequency divisioncarriers, e.g. one carrier in
a nmulti-tone carriersystem or a separate side-band carrier in a
singl e-carrier sysgunesTROApkbirengbd 20Fbetibweat 4r €8DgabzesdDiat bopacket s
from bur st - pefentodrau! bhaal PhERATUR! EAL! ABEWBYRT shifn IR folIREIUM I N MOSt
[ shor packets:

enbodi ments; stations communi cate bysendin t data Each data
packet const8t¥Bers RBSdEFTméPRdudaTky Sfp89ﬁ086t69¥b.aF¢g@®© 213. 5shows a
dat a packetpzdp8riyt begmiinaden.2101 and apayl oad data 2104. Header 2101 has
a prean@ie 2102 gndarhegger infornatiog 2%0%. Header %101 i ndi cat es

t hesour Ce and deStPRATI 65 SFOFRe*pSaPRLCaflatBoReFESy BRWERF M or mat i on.
Header 210lpregmhlsoandchulieadepr éaffbkr@d02402ihavhagha@adéeni Mdch Sequence to
enabl e equaﬁgﬁgggaaggkgg or a nulti-tone signal for timngsynchronization.
Each station has I ts own unjquedestination address. In addition, there may
be adesi gnat ed b¥FbdHE@s?2agBPYssaamethodnaf| datebeinbi S thawdst group
addresses. pkase, andsiBebaihgstatahagads0 (Figure 3) will have one or nore
desting%;onaddre ses_of iséere t _The Brocess of decodi ng a data packet has
a highst’art-up cbsPuregrore aRY Eyhn8PSYcans6alactade?® t he30recei ver nust
be trained tonsbeikatibor fohansel dhsthet inabhaadsRswsh i 16 nei@ffseta The
process oftyaipnj ecelLyer i,nuolbv | . nunber ofnultiply
operations,{ah?%ﬂg%ggggéngggé é %a?é% %éﬁ%%?gig§§%?98 on the host

processor. |n solkger®odfnehews3snpabarngethed et edaeermioting tthren t he

net wor k on phagedmefdidpndO9ohs started. Equalizer paraneters -15 5

Sept e r 2002 regresen#ing a channel nodel between each pair of stations
are stored in hobt9¥Fat #on°B3YSt 8r SaUBLE nederbirey TRakniREkets. I n ot her
enbodi ment sseahienee pfeanose 108 thel wdehod shewhi 1 © cg, . equalizer 5
trai ning occurs r ch. pagcket received. typi cal network may have
several stati ons,hqs%ﬁ?t Pllgg%%géi gFg PRAT %ﬁl?/l'&ﬁs?él?o'?%?‘beé}ﬁsage of the
dat a packet3Ppgaring intewdedpler fagyreenase at deomt idal Xshdsebedrdandi nent s
that perform equalization training on each 10 received data packet, it is
hi ghly _beneficial for host station 350 to avoid training its receiver on
packet§ not intended for that station. This requires that the receiver
determ ne whether or not a panEPAILEDI|DESCRIERrfoN host station 350 before
the signal processing of 15 payl oad data 2104 or header information 2103. A
further discussion of packet recognition, timng synchronization and
equal i zer trai niPgePsdyngere| bher prasent sigoenmeon, (Hee sGgnaiel Estimati on,

Equal i zer Tpable88indNEediedey PorpCeSSENG] I i@ﬁ%tﬁﬁgﬁpi , carrier
sense gq ﬁﬁader dt?%ct g%z detects mhethe?géng%% the data pacng i's
desti néd f T2HJsTEEERR| HrOB5s. SHATEA L ReALWA P iervR Hehad dvianat i on of

desti nati onprscéesdrt bndépehdart PoOCERE Ofieddrk Mt &b FHASS| Gy JudlePOSES, the

data 25 packet, destined for statiop 3SO_js assuned to be data packet 404.
Met hods of C%e%}é?‘ﬁ‘? ot e et Ret? ?rﬁ%?et%égoaa‘f%o%g‘ﬂ&ttq Fh¥&stined for host

station 35Qi¢mi_ui;|@n- r Mdeltworkh deserhace od0d riomerfweadera dlostthe dat a
packet ; det&tai bAOss hecdoe! SAAELAmEa L (4o | | M- ofdifi JRlHo30 packet

transm_ssion rel ative to other data packet_transm ssions; ermning the
desti nd0 oY Rip¥Ficativnbefoneretogpverah pededianahle tafe data packet or

a header ofcafeyihiyaspgekes, Oncledeny ebpget Navdastd Ration from ot her

information_receiyved from35 the transmttjng host statjion. Application of
a recognitionptd eﬁﬁ?%etop?“%rdﬁfﬁeﬁac?gﬁl Heaffet. 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
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-16 5 Septenber 2002 invol ves deducing the destination fromcontents of
the header or portions of the data packet. A nethod where the nedia access
process can convey sideband i nformation, conpletely separate fromthe data

5 packet, is described in copending U S Patent Applicag is‘égté'rﬁber 2002
Packet-Swi tched Miul tipl e-Access Network System Wth Distributed Fair

Priority Queuing", Attorney Docket M5496 U.S., by John T. Holl oway, Jason
Trachewsky, and Henry Ptasinski, assigned to the 10 assignee of this
application, herein incorporated by reference inits entirety. This
si deband i nfr&ENAL dR E&VeEE Gg‘é&ﬂﬁ‘é ddéhartiorhe IH6r Bataxg @dstibgati on of

the packet ichammeh WhetSaEsonawias ?@r@&&lm@omﬁ: Begderehad foir RACKe!
S

destination fi,eld.. 15 Further ho of recoyeri t he dest.i nat.i on of a
data packet PRIG e SEAEIOH SPnGien ECSHORS. TORTFAEFEncaPaRiRaion

desti nati onpaaathetewscildsbd dififaireetn fioat eaichg phy hwehl tkeown pattern -
mat chi nge al gar i (ssuch . Qf fi i.g l_e.uni.qgue to the
20 desti?lat %%ﬁ%gﬁig ld%éddggg;é%) 3% S%élgarfégﬂﬂétae?%lsfg%?gggggg %aftterns,
wher e t he cedrigddizaitsonpparpreders F@raeyveawt ®aiingertr gtatagnsl-gorit hm t hat
builds a balgRpead ateenbibRztnetedabeeld cdgiang -2 CoMAiavay 3% superi nposed
in the sarreé{i[g%gluenc .band _and on top of gge noduyl ati on 25 of the payl oad
data to cre Sﬁ?ﬁ%ﬂé‘nﬁ‘ellafz&r &I & AASaORPBERE fiSef t88 and ot her
header i nf odhannen, Estdmatiath ,t Bosaddlelramreliniagemhhds Headkgr ound noi se to
t he mai n,pay.oad channel: and,conveyi ng header information in a frequency
di vi si ono30 SR r?ﬁelsegé:ﬁg%&t'e fromwhat is used for payl oad data, such
as one or nore carguges 4ofshawsuitimecdrimesr afpdulseriies. ofndata enbodi nent, a

uni que or h I oS i i Ll ti,nati og by a
[ nE-I evel Serlaeé?v\%‘rarl?tn%gr gf}tsgég % %%e?lg%?nﬁ%#ﬁsﬁ%ﬁg?t&e#%t%ﬁan&\?oﬁl d be

requi red if Flgetgedti packetd i404e| f10feP@d $#P6 agesept enber 2002
coded and mdumhadditine dhecheaderor Taedwliaigetost ethite acader. of the

recei ved_packet. The has alue t i_s_then . demdul ated. fromthe header and
conpar egswi ﬁ%‘%tahé)af |t§’ng&\it 3&? 33‘% K& ggeégltvlin% gf’ﬁt Pgﬁ.erS Al ternatively,
the tag fi elatasfidrive desaeereids teotshdamgduleatiadh 404 Redcompahedtagai nst the
receiver stalQnc asy INeelRg%k DI Py izng ti%etc:%éé‘o'l%nio% tag with an

estimation of the channel and conparing that wt recei ved s3érrbol s in

t he header. TAfeLVing @ny sequence of data packets. The number o
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 of 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
characterized and treated as analog signals. The data
packet parameters used to describe the data packet
include a modulation rate, a wmodulation 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

transmitting host station and the receiving host
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10 net hod i nvol ves | ess conputation than would be required to equalize the
channel (i.e., renove the effects of channel distortion) and denodul ate the
destination codes. Using these nmethods, the destination codes need not be
coded and nodul ated into the header in the 15 format of st at a.
This latter methodol ogy exploits the fact that host sta?ﬁ%ﬁxgg%kgggggnot
need to decode the destination address of the data packet: It nerely needs
to determ ne whether the destination address of 20 the data packet natches
one of the address of interest to host station 3SO0. If the address doesn't
mat ch, the p&eképbncanObbinizetidndofi theuchauacheripribcessfnghe Host station

350 does noly pgeflatRetlel A1 PEst PReaEEHAEmEEE hgaki QP 8ddress. 25 The
nmet hod consists oOf two steps. First, a channel estimte is constructed from

a training P&§AéREENBnthReChRrRARY| shararherigtirschetveaml they t hough a
channel estitrahenity ihgvecpteshouallytheenogdet statned &@jusbenghenael

det erm ni ng channel, 30 est%ngﬁe ﬁn ever¥ tigningedata packet sensitizes
host statiof856°t6*4FFAEPeR SnHBFAGPRYEPEI HRE SREF™fferent paths. A
di scussi on aframsmisationg channels is given in a separate_section, Channel

Estimation, Equaldep@laligl NhEaRA0pEERAE! BRRGEAST A0patfolieqdea SeCONd

step, for each destinatiodh a Interest to host station, the channel
estimate isagehpoheadew-t hThegheadegepPBRBERS20DPOTRAt bR oAlRAUEest | nati on

address and ghe gaesUbhcke cCONMpatedeh@ethRadPRhEPLEA 8nP06ET ABr&fothe
recei ved datégpacﬁgb.,lf the di.fference betmeenfthe rgsult and the received
data patRet Gh¢ BOLdQWArgnr 8€R6LBALAPHe BOVRER QinbREndAtR BREkPted. If
there i s nowmghdlativherathe datialpatbst codingefognat edbaad-tdiwingded. The
process of convalving the c . tLomte.w.t st i oh _address of

i nterest | n\}gﬁ%\?%é“a&%?’?'ag‘ﬁi tglagﬁghzrgr%kkggiﬁﬁﬁ% rggégggggs%%%aé?Ygo%%i tabl e
for 10 ef fi ciadrt floawahar e Theppawdandt faha Lnckodeserbeddakat shatiowever, the

met hod is inpl eBpled LasAfittbae PrAcepaPiodalaatl 8Adi th@ned@bran
appropriately designed training.sequence, the process of constructing a 15

channel 1est ifagde der édensiralypPrdddfbRdoper ati ons, only addition
operations. |If a7t eimectlihse bEt peeneasdesBsnat tomneatldhess1of innt erest and

t he data packet, the channel . i e y r ed to determ ne
equal i zer p%ﬁ‘uerrs,Sgﬁg%e%i%i%gr%%nﬁﬁghggéaégl#g§%§g§§€gF@cognition of
dat a packet aatmamilisdetobyshastostasdobeBbPeaficrhtecpiptesti &g occurs is

the preferrehQPpgRlke®n ofinnetwprk unt ehbagendell. o HOMBYAT patRe£OME
enbodi nents network interface 300 can receive and hold for further

processPlg FLEXEARPLISISC kS 8NoATPHEpRY sFEBR - 25 FREIFSATP¥ResERSl t er nat i ve
enbodi nent s Ieamith & Mdaeabpht-@etmaoar vosrespgadtshaa whal diveherw se be

required. The pr.eferred i o] i r e ecei ves all
dat a packetggﬁ%%ﬁﬁéég)ﬁ%%?g%%4 %Egupagg% ié§4t§b§hé§8p%§gggéi§g only to
t hose t hat @E@Esesckesd 403r repaesentss0heOhdngerpadiveddEesr ni ni ng t he

destinati on Qfmdat 3Rl d0be $hlY BxeBkpbRaidgdaathnghbRacaddigss field
present in a header of data packet 404. The destination address field is
optionappy FOENES &g iByogessing 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 procesgssing into
network interface 300. If data packets 411 and 412 are

-13-



35 format different fromthe nodul ati on used in the payload of data packet
404 in order to sinplify the -19 5 Septenber 2002 conplexity of carrier
sense and header detect 302, as well as nake the denodul ati on of the
destination address field nore error resistant than woul depferaitsér 20020 Wit h
t he data packet payl oad nodul ati on al one. 5 Such optional nodul ati on may

i nvol ve | ower baud rates, |ower spectral efficiency constellations, added
codi ng, or different nodul ati on net hods such as QPSK, quadrature-anplitude
modul ation, spread-spectrumor nulti-carrier nodulation. In sone

enmbodi ment s, rereivedefett Fbaragedananphvrek ioderfipee39@, destined for

station 350, ;8@ifi8hateneRoRPdiBepdghideliech 8Re §a@@$§é Bufpded RX CODEC
e

303 to sanpl e and diBgitlze dat a.packet 4Q4 and store t resulting sanple

stream as a sanpl REPEEKLRTI| hoRKIBHE e 20928y RaFkehb ot 93 &t ore data
packets direpatyetst 00gat edsRX4QEUELBO3nandldesee niaee itied phtiket .

destinatioon off-line d é):éDF 303 nver fromthe continuous
anal og sisgna?éa%%oaa?g@gggkg%ﬁ ggéan}p@{?gﬁlanéé%i b?t‘-f‘ 2(2 ?%’fﬁ%sent ations
of those sigwhishi nechdveanghbappakkets20rcat slaRd GEBERB0B0®fareh i ncl udes

a controlled i LT a a di gi rter. In sone
enbodi nent S,dgg%ggégh%%%egggdaﬁggap{g,gg%c%gg ggn%éé?gﬁgﬁ\@fi | tering and

tinng recovERyCcELARE| BhsnetyREeinteRipfe PPRF er Y B O nekiS t hese 25
funﬁtionshar@eééibésdtgahbm$tydheao§éckéagfpf@ﬁﬁ@ﬁ@ﬁsﬁé%;faﬁﬁtﬁﬁﬁ?le f
packet, therefore, is.in r mat nging, frombeing a digitiz ormo
the anal’fy d2f aMpEEREK %8€85?ﬂ§en8§§| goﬁogfag?‘ﬁf?%ﬁg?o??m&?%’ae at a,
dependi ng onméituaxsent ofheheesedgmal fpnotiessngf Aetwdrial 1ytemiierd aken by
~gated RX 3 t efer i t p et from
gated RX 38§c|ﬂsla§ Qgtr:rgfiegir gg?ggggtegt. ?}Sﬁ %#{ﬁ%égén@; %% %%(a packet
4Q4. | n ot heheadpsdiinbaecs, 388t a phekeranswimpfunaditen® ebreetierial

processing i ingérFakal Bgot hac3aaR! gapagkek. cobBcSaHP| Sndaeket is input to
RX Queue 207 whi Ch&EOI d% t he sanpl e packet, along -20 5 Sept enber 2002

with pred? ouSPYLFeLErted®8anpl e packets, and sends the sanple packets to a
processor 351 in shakrien 38dskoanfiuhthdersdgnatt psozassnigorfrideessor 351

in station 350 L¢GELVES RN £bm! HELLEECRYEYaTEREEDASKERS and
presence of a data packet on shared medium 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 400 is based on recognition of packet
boundaries embedded in the continuously 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 Reducing Signal Process;ng Requirements for

35 Transmitting Packet-Based Data.” Methods for

recognizing the boundaries of a data packet in
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5 perforns the remaining required signal processing to retrieve a host
formatted data bit stream The host formatted data is the digitized and
processed payl oad data contained in the data packet in a data formt
conpatible with station 350. 10 Processor 351 may be ong Sdptemper 2002
different types. Processor 351 may be a dedicated firmvare or - software
processor inplenented external to network interface 300, or may be

i npl enented on the sanme integrated circuit chip as are other conponents of
15 network interface 300. Processor 351 may be firmware or software

i mpl enent ed SEMEHNUBKT Rids sHreeage fadidad 1an e 131dgramagkdags $htg task or
i mpl ement ed bamﬁia&#iaisedaﬂnrpmﬂ@tordatdaatwntm patilquef shrasblsiseluenc3a0.

Of-line processqr 351 conmbi.nati_q firmnar 20 sof tware,
each i npl eméhit & o]\%ey O% tz'acl?aﬁé(r 0 %éieﬁ(’?r(’tIlBHs%gp Sfhe required
signal pr oc&s;lmglctmlhy AAdlediesttort e sdignedd e siegpaindpitocehsiseg per f or med

by proceésororﬁ%gué G ddpind i of%{*ﬂi n%%@c'rl\fﬁ %cmr;d%n% CkLH I3 r%ﬁed by a

combi nat1 on ne or OW ng: tware or I rmavar e
execut i ng orfrRwaY cHiEWR lehsEdaded s SSRFTALE cfrr@grdeél@ysdrlvwlgnt al signal

processor, Qfarfedadr QCepSsSBre %@xtr%rze iof d iddMareoaxeedted «on a shared
enbedded processor, mcro rocessor . di Qlt?l S|gnal processor, or 30

medi apr ocessHSteld Yo dt Tappi iacﬁt’“l“&]respem fic
si gnal processtmiger |gyddem pr efkm rp&téf@m@di riiod iprate seabgditeiss a shared

process t fe Bgft Queue 208 receives
from prgéesrs@(;? %%é{é% |bour$1tt %%%?%ﬁswltq?c-k{étt for transm ssion.
The transni tcqpuukeicafuoiseaven ctd@ss?é@rwi rﬂ?ﬁﬁé@@sor 351 in -21 5

Sept enber 2002 st@f i Qb3 0nmssuitdaaic d t &ra@lgrébl%mn&@aggebgane data format
as the sanpl e packet heI d in RX Queue 207, i itized data packet.

Al t er nat i vel SENEHYE F0tatde o MAthahs, b@f"’l?srbdiaitﬁ PRERELarORSL Shacket .
Buf fer TX 5 @l@&xe%ﬂqoﬁcﬂksldm tuyarasrpatywaatad ongiwutle previously

receiveq_tra smt ackets anc to X C 305. Gated TX
CODEC 3g§ ty% Kot il (?%tc‘_‘f UPaae %ﬁﬁﬁ rﬂgal a% g%}sa d% digital to
anal og (D A)paokneet tdata ‘I?h?eO‘but F}Iﬁadﬁr Fat0dd Hpe @@Eeamlaoaliog antr ansmi t

dat a packet,; havi g tier SanR fQf MaloRs adaia %‘b‘ie'&nd‘i’@'a%@:s' ghknput to
hybrid 209 for transm ssion to shared msdl um 400. RX QUEUE 207 and TX QUEUE

208 may be aﬁ@“ﬁ‘éﬁr‘tﬁ%t‘?‘?ﬁpdfa RF %o rﬂ?d’rkftted‘“énpf’ﬁ?@&ﬁfeoﬁ‘eirnt egr at ed
circuit chi pimforedtnsik. i rHeddeac 1300 mayerajrao exicdudel at pricheblet egr at ed

chi p coqt,ai twork | erface 30 Qrti § jrenory of
stationa§5 %Zgb"’\‘/an[f%ger\'t Havith etﬁ{lf'fe?}l %)?DQUI?BEQZG?I‘I&S palrt of the
station rrenDtrlyaJ,rsmmamr tdnemsltzeuﬁneﬁ@mmm 20mizgn be dynamical ly
adj ust ed tOﬂA&M&{za{@f&a Pt ®ci d:3t38In r}wgoelrtsokwﬂahmlnﬁ%%kets into

net wor k i nt ace 300. In the preferred enbodinent, the buffer nenory is
partial ly coRAsERABPHEARsess ¢ HE Asldidrion nitdersc Baysbsn@ nenory in host
stati on 350.ddégmEred ybidsaddest 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 process 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. In some embodiments,

35 training the receiver occurs when the network on shared

medium 400 is started. Equalizer parameters
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network interface is |arge enough to store a sufficient portion of a sanple
packet that the maxi mumlatency in transferring words of the sanple packet
to menory in host station 350 does not result in |oss of sanple 30 packet
data. The nenmory in host station 350 is |arge enough tOSQH%ﬁ ShbBEpeds of
sanpl e packets frommltiple senders (other stations) e bur st

| ength is determ ned by higher-1level network | ayer protocols. For exanple,
in Ethernet applications, a nmenory 35 capacity sufficient to store 64

ki | obytes of receive sanple packets will usually be sufficient. -22 5
Sept enber 2088pLekénsing aetlrann@Dimadal tloetswadmar eglcirgphim 460 and detects

whet her someg %@%Pﬁtﬁ é’ié&”ﬁgshéé@ 4@%%:9”35’36 Ebe gageyhime as

station 350. |S|on etect ares the anafog si gha
being 5 tranéﬁFP@éﬂgb9aﬁ®tm@@&e¥ﬂter¥%c%tQEK)@@b@@%m%¢@ﬂalwb@rﬁg recei ved

by network ipteahpte 39021 in@lE@Este €l Beind NSePiOsCALCghia Pl BEL
si mul t aneous transni ssion in |cat| data collision, A_collisionDetect

(CD) sigmal FEayBipdt OFF¥RT ¢ ?¥|§? %c?a%%ﬁtlﬁ%?%hY?ﬂg 10 whet her or
not a data col | i shogypscabtretwork Grayon®vs heeedratdsvaddOns| t sbsipecessary

to renove interferen C ed by an hp, of the transnjt a packet so
that false c%FInggﬁéfgrQH%%tO%%Ye%téﬁéf She ?ﬁ%ﬁe %% %ﬁ%fg?gid nmet hod,
for reaningpahkstecW0115b¢ncmnd@@e@oﬁgntmn@lnmne@h@txepl|canothohe

transmt dat ameaamtenl@g' E‘Ha@rﬁéfﬁéﬁq @?Qaﬁ%t{@nt@?a{ﬂ)ﬁ Cgn! Qafpf fer TX

Queue 208 along with the data sanp be transmtted he replica stored
in bufféV)TXr€E§&¥e§0é3F§ Pﬂ%ﬁ?tt01E0}$|§}Qﬁﬂﬁe?%%%f2933%h?%ﬁghOFFne 310

and 20 subtr gehedohr 9pot be smgml creteingdi f £ oreshoved oRdpaakdes that is
col | S|on detect 204, obtai di fference

| d bri,d
2lzga:np$LLeB|EféPgﬁ%éeg %5I8h%ﬁ|c F P ese %Stﬁ%q%hﬁ?ﬁygﬁggn tted from

a second stareoa;ves dehpamedetuhetﬂértmre@@b!m hawlkédt t Ds déheenhdeddat a
col ision. ArsecpdcMBEROSRT 36866000 EG00signip BEbdebbeabogger of

packet 404 constant for all data ets, An ethe Ica 1S~ conputed once,
or in anl@alt eANdradednbdi abtt aynkerdevutrioxaapiey 219 shAred nedi um 400

during a 30 Buirehel’ am§8h§§1@ﬁ ofNPa sk eﬂewgﬁpudnsl opjdehgct 204. Energy
transmtted frogha second station 1s.detected, b ubtracting,this echo

replica fro FPB%ﬁﬁﬁﬁ?ﬂgaﬁﬁr?gBﬂlb?efh%rﬁngp%aiﬁéglvﬁﬂmgﬁﬁﬁfroIIer 206

recei ves si gial tB$sf dopueenti ¢se85Chanuel hégdemation erE@@21 andrsi gnal CD

fromcollisiqy t n imng of transmtting data -23
5 Sept enper 9098850 R4 AOLaENbEGbastiNy]

In some embodiments, carrier sense and header
detect 302 detects whether or not the data packet is
destined for host station 350. 1In 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 recognition procedure to the data
packet or a header of the data packet; or deterwmining
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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to shared nedi um 400 by controlling the throughput of gated TX CODEC 305.
When a data collision is detected by collision detect 204 or a data packet
is sensed by carrier sense/ header detect 302, MAC controller 206 ; 5
prevents gated TX CODEC 305 from processing data packetg%ééga%ﬂggr 208.
Hybrid 209, "therefore, is prevented fromtransmtting data bnto shared
medi um 400. Figure 5 shows an enbodi nent of the invention 10 capabl e of
connecting to several shared nmedia such as a |ocal and a wi de area network
shared medi um or of using different frequency bands on the sane shared
medi um | n Rigwi®ed, deausihl theedkatd na@iRendron bybeedc209f gaked RX

' %ated TX CODEC 305, MAC 206,

CODEC 303, gl%rr er sense{:ge%gegff it Ler a%ozpa%i
and col li si telf BOA“aPES § t'i pl e copies. Each of the

are”instanti ate
mul ti pl e copi es iBsmebhadcwbdreothedmeldee mccsissr pdoredsumabl3goarveyse

di fferent flaquennhesneByie;3aT® Shpnet RLup330e kRO HECadral he

mul tiple copies include a transmt/recerve T nd a transmt/receive
511 t hat5ar ®3HekectiedLFCERRRE] iR FORBSL N Y - 532 Patedbect i vel y. In

gelner al , anappaibetieh P‘Aapalﬁkbtr—sgﬂit‘tﬁfelw|1Vﬁ1illt|i©lf©0nirc]@§s@r &elﬁ%sf?cbl e. A
Mul ti-RX Quepe . .recei.ves_sanpl. a s fromall of the 25 nmultiple copies
(i ncl udi ng tYATSH ﬁllxg‘cgil?g%%%b‘%gﬁd%%ff gfj\%llljﬁyaguﬁéhlé‘g @CODEC 303), stores
them and t Panzrney DbeketoMt-Bakost. Spr,obgsgohn5T0 #bldbakiyonJazon A

Mul ti-TX Qjelgg | d r 1 .dest. for. all of shared nedia
S30, 531, an lg'%%asgg'trag%ls%gggjy{_ﬁgg%.gﬁts%alds%%tsqgaggegzg t?%‘et he

cor r espdfdi mpsd ggeecedfTRhdeDERPldgREd cnEDheredn dncorposetirtdebyart in

transmt/reGRiftgent@ 9h tk) entheelhans i Pagkrbaand ihke saeRbg packets
are interl eaved. in thﬁ gueugggﬁ?ch f the transmt. packets and received
d

packets haviGig* &% 35eAgknt it Hafhed EMte 8nGh AeR t4RaFA@ nedi um S30,
531, or 532 thiwmaipachketpdak eiichs thes samat edywalish an- 2dalobobepheaer 2002

Figure 6 sh the oft-Li I; l; _pr ing. In Figure 6, a CODEC/ MAC
LOG C 603 rg—'\[/agsrgesoé:n g‘&c‘%k‘r dEstifation Tield, ¥ det ect 302) gated CODEC 303,

col | i si 8h det ect FRgfhegameg hodpEC 305 caviRE izgnthel Hest2068tand 5fhybri d 209

from Fi gure & Palkkks inciaml.e bt Asiceal phaykek ishored in
RX Queue 207 e{:nd%}%x eae 208 in off-Tli rzlLe tﬂlEéscessgr 600 l?h%%u%gigﬁg;1207

transmits sdidlSacREEE1PgARMD2BE SO aSRE PRoPESSEFN600. Mbdul ati on
602 al so tr ansiaHisigt bgnsilll -kopac pet-teren TitQhdneg 208orDkhmsi ne processor

600, correspgnding .t r QCessQl; 1 _qQf__Figur r Rcessor Q0 of Figure
5, can be i SI“‘ecr?enSegQiI?n %a?‘d%é?%,% isngsnngt %&f%g,%bg? iBrlilu g’o% iﬁé{ai on of
har dwar @0andlsdfinggrien asings apcedebgsky ofi prgsadgulasedf sampde processor

600 i ncl udeya <284 t Ak rbeediev eoRMHIKE iRAGKeN &i ZEAMBXnQUEUE 207 of
PHY | ayer 30Q and a 6Q2 .t hat _sends .transm packets to TX QUEUE 208 of
rah8, &’“ﬂ?‘r

PHY | ayer 30B-usge Er3371 90 PEFOBRLES 662t gsprebatescst sanpl e
packets to herqy @dezs9dcodebook; 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 identification and other header
information, such that this 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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20 and DEMOD 601 processes the received sanple packets stored in RX QUEUE
207. DEMOD 601 conpl etes the signal processing of the sanple packet that
has not al ready been acconplished and that sanple packet is renoved from RX
QUEUE 207. When DEMOD 601 has processed the 25 sanple Q@éﬁémbehéomocessed
packet, now in host data format, is transnmitted to a hi gher TéVEl "net work
protocol |ayer such as TCP/IP. RX QUEUE 207 and TX QUEUE 208 may be
partially inplemented in PHY | ayer 300 and also in off-line processor 600,
as previously 30 discussed. The signal processing rate required of DEMID
601 or MOD 6f8xderdedind ohodel & bad mﬁtbet:hévhegddat alpamk&uaaéml szt@dsi ng

sanpl e packet,s in e.207. F a in acket 405
i s being rec%}?%elae%e%sg ?ée eu§£¥§§ ggfgératé al JllEh i:I?Iaf}a pac et?%04 is
processed (skte theredemedelaved0fyomsthei beader- aad C§m&p¢@n@e¢h 2002 ~
t.~1\VIYY/ V44t]l4ebé’eth féhé‘@ tgggrgyl gﬁg kgcgggvg.ggugtggz Lo handle a series of

data packets on ared dium 4 hat _are _de3tined for station 350. The
aver age Pat eAh‘teHa%‘alXS%%Kett‘E‘?aﬁé‘ﬁl §irdd of thar baadeni if BOD destined for

-_ 5 stati ongahbauBa€cedt and! €4 bmbagaar abRYALtNEhWOrKcpi®éPCOl S such as
TCP and is a r a?e bel ow_t he

E gh t .of %NL‘D 601. PEMCOD 601
shoul d be capd Je°%fsp?%%b%’§? g 395 Yaf@ ¥§¥V?Bﬁe e grabhrRd e
throughput reifirau estinetietwofkthppkheatednand hospatdngtehaon 350,

whi ch may be,nuehfoveL L hagyt b §asHhSEh ”h ?h@ron §ﬂ9£eg L (gL um 400.
MOD 602 receirves transmt data fromthe hig evel network protocol

| ayers, 18 g.nqdmd Fineptvessless ﬁ@@puaataonahbaprts@eé@eee|teqtmbectransmt

packets. In d& sQuEl HE0Lh&BRhS&nneNCQLi BT, t benBost tHat ar VO VEE
pr eprocessin the fvé%ﬁ acket onsi st ent channe

I o]
char act eri st TR0 helAB ta?flafifii?ﬂdé?tat?hEEF’egg?Wﬂ@t%‘P‘at| on. Such
preprocessi ngodey. i Nbsime bhéseampthgde; thel Hestphoatessi ogded wes@r to
mtigate 20 rtlhe effcec(tléd %n(?h%oaﬁkageﬁt 9{:1;__%) F Beg&gge}e?lggef unctions, if
used, are coor i nate Wit he receiving station”s réeceiving functions. The
transm tlSpacﬁerlsataMethenp@ylilngd degathen transmitted to TX Queue 208. TX
Qeve 208 si gnal srbhe 2gceent hakhesodhy(Ekpibeca) cho EREECLMIC | ogi ¢ 603

that a transmt packet is_read The transmt packet, under the control of

MAC cont r ol I’é?s"zo%taFeot‘h%ﬁot?8ﬁ§nf‘f’f:e&e?ﬂr Bﬂgﬂeﬁ9ﬂf‘*| BP909 to shared medium
400. Figure destinstiahesddnessbodi rhet dataDphBRe601. IBOmA’céhpugh t he sane

functons cap. bg. DEL AL PEABREL | AkNcr RBRLEL Skt Y2 ard

i npl enent at i on, erre nment is rnple rrented in
sof t war @t i thei dgta hEaGbﬁ‘f)umiihghﬁés ooece bhespddreas3eb. 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 packet sensitizes 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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35 Sanpl e packets from RX QUEUE 207 are received by a header processor 701
and a resanpler 702. Header -26 5 Sept enber 2002 processor 701 uses
signals in a header prepended to data packet 404 that identify the source
station and intervening channel characteristics. These sigupbmparoopsed as
an index into a nodul ation profile table 711. 5 In an alternative

enbodi nent, header processor 701 uses signals in the header to calculate a
set of parameters including a channel estimate, a set of equali zer

coefficients and a timn hase, and equency_estimate..  This set of
par anet ers 'F%et%ﬂo%%ad‘[g%gbﬁﬂ'ﬁ?‘aﬁl %&Wﬁoa‘%‘éot?%nﬁﬁ% hd additional ly
may be st oreshmpaied at oot asppnopr Date epdabien 741 dins fatafiveedise. The data

I modul at ign, profidetable JAL 8f chiecdiL ol gulou O, dgpler, i ocessor

701 provides par%rreg eérs to con Sévera i ons of 15 and
are inputt ethe oreceiviedgdakacpacke?0Bs dpdlav aqgulareshkeld RRAUD4, DFE 705

and sliger vQ8) . al RabEYIaL08cchPpe8UUat | Z8Rets Bs deSimdtth f aaghack
equal i zer with adaptively chosen par ametgrs conprising. a feedforward

_section FFEEB®4daky BaFkel- parkPeetongke FdrReEardgdnal g n t he header
are al so uspgbt@sHr¥i 86nedlrhyi hebahgnpbasest imate veisclm Netiee vm: chis
input to timng.recover 03. Timng, recovery 7p3 controls resanpler 702
whi ch corre%%%gfﬁ?tb‘f”f‘s%?gﬁﬁ?ﬁegﬁ f’ﬁ'ée’éeol‘?‘rfjl %XY% ‘ée%forbi%f ed RX CODEC 303 of
physi cal | ay@di8d6n25 waklitgethet pabcoasidespeeiahlly phasmidfe datia packet
404. 1ggan &E%E%&Vﬁaggpg éngm%%e{{lﬁg%ggﬁgﬁl zeg, gpeddicients conputed by

header processor are made su e function of adjustnent for baud
phase of f seemippdiventp) ehoroyenndthfienetiedi bf brrlementad 3; fafifer 707 are
acconpl i shepliﬁ@_bb@cgggof%glAfter t he sanpl e packet data passes through

resanmpler 702, i ené rE.RXf%Iter 707, RXfiItgr 07. conditions the
recei ve packet daPa® 51 hePudfRE A8t BRRECPTHeEP LY (49719959 ting the
frequency rengeénpvhgsaspliedcd5 shgnpkscasd shapomgtmmochirat icon pul ses) and a

. _ . : t i I i 3 fl t |
of ignn (FpafBRETREEifate FOgkiha HY R BRI e FRU L IIA Y, | (1 T 08
enbodi ment enbwnafdirignrepgracéppeéct i b foratah cpegrrdbetinaart &r ence, a

result of 53d5ePREEI6A hAaLBBsChanngteré st agRQMPhE SBSth Padket,

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 sowme
embodiments network interface 300 can receive and hold
for further processing all data packets on the physical

25 wmedium. These alternative 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 only to those that are

30 destined for station 350.

One method of deterwmining 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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deci si on feedback equalizer conprising feed-forward equalizer 704 and

f eed- back equalizer (DFE) 705. In other enbodinents, equalization may be
acconpl i shed by alternative nmethods including a decision feed-back 10
equal i zer having no feed-forward section or a |inear eog@eblihb&e2O0W nO

f eed- back section. The paraneters of feed-forward equalizer 704 and

f eed- back equalizer 70S are adaptively chosen in adapter 712 in order that
the renoval of intersynbol interference by the 15 equalizer is optim zed.

The equal i zer outputs a corrected data si | . The corrected data signal is
i nput to sl i%%?pul%%‘%i S Wﬁ%@@%@@%%&%&zwéﬁe based on
t he correct egkldatees suajosal theAdbeetu 1Ak2i ompmft $Heheled® ioatriest ed data si gnal
fromthe eq i ggp X f i.cer. 706 and adjusts
t he paranet ;%‘dsd%?eéiéé%q%n %&%fg?%ols%p |rritzhrea%tmﬁ'§ (lgliﬁ.cl‘?tel oni ng of the
equal i zer. BErhigvettih tdie Maty erekrl PRy 18 medudéd ian Eilomiesr -

coef fi ci ent sgh 25pt IBR LIRS 4t 1888 foly FiUR31veN Jweed Hadid1RdRleschannel
di stortion t hin shared ged m 400. In so enhodi ments, the adapted

paraneters fOTWEFERRA CARNGY, S WNFH T A0S  n B8k SOWPG of
nodul ati on psofdifferddt walylkaniate derhattaphaih e @Psess 30 successi ve

packet transm ssions, & e %iﬂpl' o tim recovery 703. In the
preferred e %%rlfllfraetrl I,ke ?arqng)l@%‘b%edé a adtgi%rf%'olésp%rae%gfsg%tcﬁgP%chessed by a
Vi terbi decoueltirosaraielegerdins terory09, Imrbue Rebpddgiearsn @ecoder 710. 35
Viterbi ,decoslofe JOfHSEE dhtie!dadinamy i Z,g%nigé}mitso Rl mum

| i kel i hood sequence estimation on the - Sept enber 2002 recei ved
si gnal usi nFEMF YIS FRIEPUIEETTOMARY ihaaderpeteesc Bl er 709

re\éelrses t heergdh B4 @Lg@c@@rmeaxw}z]gtt rxgmoi@raan@leg&eﬂ mgtiftle‘:lzte[sansrrit

nodul at or to,whiten the ctrum of t transm t. data si.gnal .

Reed- Sol onond%xg%o%%‘?keﬂoﬁg e%“‘#iéf‘i‘?%rﬁ}? alfeg%ﬁtt% Sta(‘}‘pp}%r 28 1 or

correction ussng s aopihel grrchze o clkn RXleBueden 20 proefhenr ethbertioenrent ,

Vi terbi jdecogdes, d 08, A0 Ra6%: SU SR A cOfles Jalt%@&eg{ gﬁﬁt@'%'o’a %@% may be
1 enodul ate a

used in the signal processi nqﬁ;: aln onily when the ta
appears to béeFeErinedthe Raghat Heshistinn effy limeougBaredRXdenodul at or

\7/00 mg_y 36 F%@ﬂﬂ@rgoté@i h%ﬁv&weffémhoaﬁ@r&r;dimwae%%@a gq@lgiaq@al | use of
i terbi decoder may, resirjct the use. of degisian feedback equalizer
705. In the ‘i§ ?%ﬁ‘e‘??é&e%n{@di%rﬁa}méieed s"’}'ﬁﬂa‘ﬁ%ﬁ&@@&i ng chai n enpl oyed
can be speciaépresenvatbohs sehtsesa sl o mckett ieasetpde ipsicketat i on
decoded glof O éq NERASDES PV AL Vi MERMdD o colitaR der ofdgly and

filtering functions provid urt ng and error correction 20 to
i mprove the ¥rpEfice dpd-an rapaled £fdiFHEFle GONVEX tBINCti on. The decoded

di gi tal packet i s1hhesmdasmesditveritts highesad |rev edopmet worsk sargef ocol | ayers.
.Figure 8 illustrates an altern]gté'].\?gtenbodi ment_.of. DEMOD 601 where
mul ti-carri FTROHUFAL FORE i T2 0. ST SPARIES FSTBLBUEUE 207 are

recei ved by feadeiopsocedsweve0l iamd e ganplarredD Znbddinente thecleet header
ST RSO SRS Sl rotprel dp G g o2 81
804, 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. 1In other embodiments, data
packet 404 way undergo some signal processing in
35 forming the sample packet. The sample packet is input

to RX Queue 207 which holds the sample packet, along
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30 nmufti-Viterbi decoder 808 and formatter/descranbler 809. After timng
recovery 803, RX filter 807 and |linear equalizer 804, a block of tinme

dormai n sanples are transforned by fast fourier transform FFT 805 into a

bl ock of frequency domain sanples representing phases 3§ @meﬁgg}'ggggies for
multiple carriers. Each carrier is further denodul ated by a set of Viterbi
decoders 808, -29 5 Septenber 2002 one for each carrier. The resulting
set of bit values, which nmay vary in nunbers of bits across the set of
carriers) are reformatted and descranbled by formatter/descranbl er 809. The
gai ns and coristle|pEaviovsd vdasaeived saewlenparketal andr sendar hgescri bed

by the nodul @it BLiide HPEpridraBrdd ashonnpsehities 844 £AR alternative
enbodi mrent of the invention is shawn in Figure 9. |In Figure 9, off-line
processor 60T TN EF ASFEE Bhar (f\ﬁé’%é’S&EEePéflatlBr S§86191d an 10

of f-1i ne sofismrese@liedF@actxafplthe aededivedpsampisepagkehsaanthose

performed in_Figu 7.:b anpl 702.. fi.lter 707, FFE 704 and DFE 705
of ten do?’n’ neﬁ%rig#e"%t ottha% %glscn‘ﬁl%é-ﬁ an ultrl(:'\;'céor?é‘flgg1 l’lt Brgcfigrséggdgﬁr ee of
repetitive metfigve g dpalfl fcamaides idats bilteseredmpr oFbssbostan be

i npl ement ed ¢4 Rar AR S BCGE @ i A4zl E Y BQOEQQSEQaga o8ghost

processor that inplenments off-1ine software 901. The throtughput of off-1line
processor 60RYF Rt IBed tifetdieoPfata draket ey 8asalapforids conbi nation
of hardwar e qRsasiIg Wikt adfdivasd .processing. Alternatively, all of

the required off-line signal._processing can be_acc l.i.shed in hardware. In
anot herligl t er nati eoceW(f%i %esn]t dated &V§6§9?E?6§F5e§f conpri ses

addi ti onal siygred. privcessisyy 251 may der a deidighérdnf idingateal ozi gnal
filtering s £Cl j SRS I t sj.d requency band
for transm ;%l;fot?\%%%\ %‘%ﬁ%ﬁed‘miqo. e?n%%t(&g%gt gr ﬁgE gali(rrent, gat ed
CODEC 303 al Jetewnkite sHY o aghdle dmpismeptedessai ket samesanpl e 30

bet ween t he phoskritd® Gifirdatedp P3G n2rd cbponehtal ogaud rate of
the data _packet. This additi 031340 er%cesa n%fc i reducg the size of sanple
packet s 1Phat "9 A HE % d 4% RETQGEGE Q% 1| Ra¥hBEe L& FBYETRent s, t he
nost tinme coosusofigedoos tingisementeate @b megvpredesisgral dpddcasedngoar e
acconpl i shed 0 9ffrdi NE- QLA e A or Ip1ementtRECBREL 2002ea

processor that is part of host station 350. Off-line
processor 351 may 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 signal 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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In an additional enbodi ment, the processing of sanple packets from RX queue
207 (Figures 2, 3, 6, and 9) is prioritized so that sanple packets that are
of higher priority than others are processed first. 5 In yet another

enbodi ment, carrier sense and header detect 302 (Figure5s3e bepPO03i on
detect 204 (Figure 2) function to nonitor shared nmedium 400 for the
presence of noise which mght interfere with transm ssion of a transmt
packet. When noise is 10 detected prior to transm ssion of a transmt
packet, carrier sense and header detect 302 and collision detect 204 treat
t he noi se asstatdam 3 |53iPantt drekeramy continlthe soe tdatge| ay

transm ssi onefmdthend rans Bdmpas kedckdh e drin etowsde i 26er face 300 can
15 recover and .rescheéjcﬁﬁ transm ssion of transmt packets on detection of

si gni fi cant hA B GEEhHUP RATKRT 20 P LE AT &hbo A datshe
i nvention, whanato ket dgpacdkesl sin hahe arnsamnac tpc keatnar Buff gt arxk 350 are -

present @n i J i 0 Fi e 4), no sanple
packet s g’r escg"?%iraecejdiﬁ w%_&}é@%‘%}éﬁ%%@gﬁs&g% i"l'é%lvoked in
processor 35rewqufles nereivedighrassehopastirte dnugresndoitham to .
i mpl ement at | Ry Afed Rex REGHEE r£65 eMiggh &@ Rfx Qobid: S3ANUSH 1N 1A bl ock

di agram of network interface 1000 25 is shown in Figure 10. In Figure 10,

CODEC/ MAC Lotreludsts Gortarfeed ra Harymt et ki and @ diskdarhdat a packet s

from shared aediegn (B00) agshisanst er THe X SPE R0k asomanp! e
ransm ackets from

packets. In ition, CODEC/ MAC |ogic 1603 receives t

X QUEUl%olzog‘ggolﬁ ot T s T RAKSR o fRYHS The el tm 1400_
DEMOD 1601 p=s fardstd heackeztes serick yhdolngutodes hylgridirea9 oisec required to
recei ve data. &Hésié&%é'@{%mm&%?”d MOD 1602 perforns the

necessary synbo L]EEIEOCESSI n unctions required to transmt data packets 35

over shared nedi Ukt 196RPE 40T ried  BE QURERD 3 reaes ame i nci dent al

interface | oghibietttidredhf Qiecddey hDatorpdrat &l Wptadasawd02 station to
oper at e etvvortk interface 1000 and includes queues 7.204 :ﬁond 1401. In this
i mpl ementat i BASE 1809 %ha ?ﬁ?l%‘bf‘ea TP i 3P Gof t war e code

oper ati ng ormédiErhosttdrsd ht tont hedA ldEdiadad clans doat@iaimd 208 are

i npl enent ed | N%E? t ho, S i.an. Fi gur §Q§§ bl ock

di agram of , Mﬁm %%]lfégéem%@' I%rl? eéc é/@ﬁ%‘ge?yd’gf%j%ac soafar e
received i nt@tayPRohvEr t N 1advantge preercngouew i (QUREE dat a 10
packet is det@rtpd byre SArFhErseet £64 QerddBl i S KA Kt LOIONoF1101 al erts

controf O PakE S50, I8, RRckEly |2 RS Lo U GRE 1207 I
response to ségmabts ¢f om Largen| nddlo@y serdatad packets into network
interface 300.
In the preferred embodiment, the buffer memory is
partially composed by memory in the network interface
25 and memory in host station 350. The memory in the
network interface is large enough to store a sufficient
portion of a sample packet that the maximum latency in
transferring words of the sample packet to memory in
host station 350 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 layer protocols.
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 A/D converter 1113 and then to shared nmedi um 400. Collision detection is
acconplished with echo canceller 1108 and carrier detector 1106 that
outputs signals to control 1102. Queue 1109 and queue 1110 hold control
parameters for echo canceller 1108. Adder 1111 20 subtrgdeptémBer2002
generated in echo canceller 1108 fromthe digitized data packets. Carrier
detector 1106 nonitors the output of adder 1111 and detects the presence of
a transm ssion from anot her station. As was di scussed above, the presence
of this transm ssion 25 del ays any transm ssion from CODEC/ MAC 1603. Figure
12 shows a bl ockCaldjsaanofetnet PBHLOTrSafipREefaBREAL YT 48/ RX QUEUE

1207 are regglvedetpte WRAERErdssREULBhEer 428tidRdatBbRpdat a denmodul at or
1202. Header denodul at or 120ﬁ?denndulates t he header _of the 30_sanple

packet in oFH@RsMysSgirer AFnENEnE8aBEnbilfatFoftpatahetals. NpERal{¥nodul at or
1202 perforaslnmelsnnbéteptozesscagpaequlthd hﬁamcgveignhmebeaﬂgle packets

into hog; dat }r,rrat8 %d§8t§§H$ ?hgr 2?% al so dfternlnes t hat
S e

t he recelve a?a pacge ti'ne St 3t PR The data in
host data phekag rgcﬁavedsbgenetwerhuenéexéeqetaaﬂ ip paderofointerface -32

5 Septenberdggggtlgﬁg Eégeﬁ@elgt ogﬁgicQ@ﬁ&@&aﬁggﬁsak§9n§ﬁ§§éYSﬁ the host
data packets. Figure 13 shows the preferred nE enmentati on of data

denodulatorlTéegat&ﬁﬂcﬁ datgi aPLiisient heAdsPilscdenbBatesto(SPhown in
Figures 7 apdg8alDabaodepudukabmr cd202si0al adeectesenphingiddfinga

f eedf d I 3 f eedb I 1304, sl
1305, W er bidkBesagr 13002 dokBorond Ssé$glé%85aﬁ%c§séiféﬂala?mﬁ§o$ceérror
nonitor 1308hamddbaad1&04phasettnackece&@éﬁyptovtdmooatput noni toring and

i nput "to rﬁgegpksigagglcaﬁeéa ehil SORLT BE! LA EPQBstQEBHUéQE on process

(shown stor I'n nodul ation Ies 11 an ures 7 and 8) are
shown as |nEéF§eFoSPh§h9§rfé §ef9ﬁéii§h§n§faFﬁenQFoéRtﬁFégﬁan1@ﬂ615 Fi gure

13 Use of REEhéaQ4taadpyktefbéddm@eﬂea 1389 tém@ﬁ@ﬁ?sﬁhﬂg 8¥RBOl s is
tlonai in.th B d npl enen tIOQ gure D g di agram of MOD
1602 ( Fryur dME8¥ eBaF8mPH hBdt *Patker FSP%&? i 8%b P?eFEﬁ“Fﬂl uSd®® 1401 t hat

is part of pat&etabeifhflProbbdabdt and26tdédbgcoheereplihe host data into

| k h 1208. MAC
ADDR 1405 agd”Eath LaBhc thnals RanpaFAFRIRE BACRRahPACs, CYOE i or s

t o nodul at etrpasmdstedat aT ﬁcKéPlﬂﬁar§§96ﬁ§elﬂobﬁﬁ§eﬁo§¥ Quene paeket
itsel f. Thesg Zapa@rQBEEalilgm@hua@taataneaetﬁreagﬁrnbhagaibeaﬁaansnlSSIOn

channel _bet ween t he t station.,and.a receivinng st at re 15 shows a
bl ock cPdgr SHPGE=Ea0) SESR THBSSLABALI BeoF 1405 FAE| Gheted BETLBI or 1501
a bit mapper080tha@2isaaflsel inpueheddby hgbBidazppetodeprllhSilona
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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transmt 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 dependi ng on paraneters input to nodul ator 1405 35
frompath 1404. -33 5 Sept enber 2002 Channel Estimati i i

Trai ning) and Header Proce s s i ncr Many enbodi nents ogﬂ?ﬂﬁghﬁﬁggﬁP?on
wll be used 5 with | ocal area networks having multiple stations connected
over preexisting twisted pair tel ephone wiring in a residence or small

busi ness. Unlike existing LAN equi pnment, which requires the use of

condi ti oned ®wréhgred pedirant 460 sbyrconbroilihe dige siigraighputhese

appli cati onsqaf LENTHSEOMACOREE L | OffL vhr §80a L6311 FaTLY Sl ded dbgy er @
di stortion of data_ packets. In order to decode the data paéiets, he
di stortion n¥tcpblesionciebesy 20aPT zat ddke dpaghrt dig S9nrddtbsi gnal . The

na_turef of th_@aﬁba@ﬁeéehd@eﬂihé&@éii@@thtl3@2nﬁméldoxb&cdlifélerm f_Olrlegch :
pair of stations on the networ ual i zation, parameters w e
differen foprﬁgﬁﬂtﬁdg%t%g *ﬁeéﬂgéﬁoﬁﬁg Eﬁ ms?%ﬁ??ﬁﬁ%é%nﬁﬂﬁﬂcate by sendi ng
short data ppakkéss fromUBX @uboei @8t s, Hplachd dan s, peodeetfadd0 20 conpri ses

a header 2104, LoLhOUEde Do A PRALRELL #2821 %0 a5 LitaRNPWLA N, 1 oure 21.

Header 2101 I cates the source an I nat1on e pac:%¥“and possi bly
sone ot her i%®8rmation used by the interface system Header 2101 al so

enabl es timng sypchirdi 2athowsToh erBodErogE Not Pad oad data,2104. Payl oad
data 2104 contalgi?tgg data used by the higher OSI |ayers (See R L. -
J

FREEMAN, 1 OTEL L $RINSF NI SYRTERECERG fEERSA@ediia mivgipiag @V {1996) .
I n many enbobibambt and paykdae dpta RdOdork sheltddtwed At @didl deimy

ot ormat i on 65 Lot £8¢ bbOTnarnaE B Rion SeYE 60N PR i et <
before two siatFogsrexshangewdsk ainheyfpee f ormpemrents thydritd #0ti,ng routi ne
Lo charact erjgechhry CEaMEC! 364 51Okt 90y LEALL/ROEIL: TR RAUAII LTS bY
deternining tThe paraneters to be used in the equalizers (see Fi‘gures 8 and
9), andlﬁbgoﬂﬁéﬁé T¥/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 frequencies on the same
shared medium 530. In Figure 5, the multiple copies
20 include a transmit/receive 510 and a transmit/receive
511 that are connected to shared media S31 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 receive 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 samﬁle
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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5 Septenber 2002 nodul ation paraneters to maxi m ze throughput efficiency.
This training procedure is perfornmed only at start-up tine or when the |ine
conditions change. Once training is conplete, the stations may exchange an
5 unlimted nunber of packets. Some embodinments train thegggismiere0on
recei pt of each data packet. Miltiple access control (MAC) protocol

regul ates access to the network. Oniy one station may transmt at a tine
with the MAC determ ning which station is 10 transmtting at any given
time. In nost enbodi nents, MAC does not provide any information to assi st
in deternmning thiysoergehwwseshenatfohiné $henphghstceddimgoure and

destinationg %&%I ede‘;eé lﬂf’M@l EO@YC%@?‘ fé’&rﬂis L&grnl; (Sa%gi ved signal .

15 A primary mls IS detecte red nmedi um 400

{Fi gure 3),Serse mdthﬁa%nr%t%ia %ﬂ% i AR cORES It i el }isdgibwn to

host stati ofe@aé: Jde, &® @(ﬂﬂEde§bSnaMA@nc@xﬂ@rm%é nfieader 2102,
but header %é)z annot coded gnthout 20 egual iz |o and equal i zation
JK(i r

requires prli1 o%\?%dgeo'%f IFRES ovir cePaRkC R s AT t he
pr edet er m nglily sheahel aydmar 300 earst storedniheRXispuBue Amﬂ hmd crmsi deration

is that the e er gl Yo d-pw
conput at i on%\l'glg(geéogI frgf(lcéifﬂ I;‘%Hf%’ g£g%gy§%s?@€{s ﬁ]%n‘f‘%fz%gsu nati on
det ection |§r$whe¢1®rﬁ@mpl¢l packabs diar BEMPDt 6@t eln of owl mymput at i onal cost

i f header dﬁ%@&ééé’é‘r'éeé Pl eoBAL 8EibR Bbh- L1856 PrASGRHQL éf%psxm S
precl udes performng the nore sophisticated analysis carried out 30 on

payl oad WatBRMezs QT RLULYRSEOBr at PER-10¢ HRFOFRIRRT @1 shoul d be as
short as poéétbéﬁpémmgﬁllszﬁréhésﬁ&ﬁrhBadoﬁSED@mﬁéeidd!rt[frdlﬁs'isdla(:ket

t hr oughput d nmedium 400 The i mar ou channel distortion
is 35 | ncor?je]% € ﬁ’eﬁ"fﬁ: na%jedc?l nes %'ﬁggﬁ%?%%e%e ‘I}H T Yhcorrect |y
term nat ed $ohewanié¢] enubtr a ¢ehbipatban OBShar@ﬂéeqata;rﬁbmoncOOﬁd,nt roduci ng

echoes in the ‘l,gg ‘.'_sg‘,{g@g%sglgggsgggctral nulls in the frequency response
of the channel. ure 16 shows typical residential w I‘Iq.& used as shared

medi um3%00. In qif u*%n‘iﬁ’r%‘l’n%?ﬁﬂrnﬁapuﬁ?-%%e*o? RENPT Vit havi ng
l'ines tern patéigedt shmplé NohckaeksfirombrAr QOPGE 1601, o bepitw e k602, den

1603, bedro 1605 6 ctt_l n 1go4d S %tl ons, suc ost_.station 3S0
(Figure 3) g% 29 n%clf@glé %o gg%h SPOPhE  PRPTH haf Tqé‘%té fh Shared medi um
1600. In adduUEUBN208t@f | B bager 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 cowmpletes 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 packets
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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10 typically connected to several of the termnal jacks in shared nmedi um
1600. Figure 17A shows the inpul se response between the term nal jacks of
bedroonB8 1602 and kitchen 1604 when the term nal jacks for bedroon2 1600,
den 1603, and bedroonl 1605 are properly 15 terni nat ed5v@eptedber 2062
resistors. Figure 17B shows the frequency response between bedF’dtHB8*“ 1602
and kitchen 16D4 when the term nal jacks for bedroon2 1600, den | 603, and
bedroom 1605 are properly termnated with 100 ohmresistors. 20 Figures
18A t hrough 18F shows a 4-CAP (carrierless anplitude-phase nodul ati on)

constel | ati Oﬁuﬁfrfé&imgt tl%d pledéae isharneureRowa7i BoFhaHate A7A and 17B. A
QPSK constell ati.on s CAP or 4- gﬁ uadr.at ure arrELl t ude nodul ation)
a

represents dSEX6S A L??icrlf&%of’o Hﬁélﬁf‘ &80aFPAbgAFude with a
phase differ elmmfedQ(fode@rtmdneB\men a‘ﬂjeaaeetragyrrbats oFi gaee 18A shows

the 4-CAP constel | ati o { 4 a Eloyr 18H

constel |l ati o%%é:?{e& Bffa:g)bsg‘ I glljg?\e%%é gh%‘ﬁgl%‘e‘; %S%%ﬁsé ?agtl on at
0. 68 Moaud, Bitgari@nlslsos(i%mm:ndiéed— baphighsreleuel onebwork09 Moaud,
Figure 18E S%a QR I A %@‘Sﬂdﬂ Ia%h' QQ at rété%%%dthé”ﬂaﬁm%e 18F

shows the 4 p constel | at| on at her constellations having a
di fferent syfidoughput,at REMOD 36(91be 9§5‘9D0ﬁO%hﬁF‘@HlﬁeHPuﬁﬁEébée I'n

Fi gures 18Ah3&b@tbasmd : ﬁ@z,adraemra:t@gfffﬁewﬁncym acaiéuaeggéo be eq]yal to
0.8 tines t au r n,be s Sept enber 2 from
Fi gures 18A ?‘ﬁl T s q’ibé/lre@sr? el np? 5§saggﬁécﬂgg?8r £foh® f?ndi cat ed
by the smea@t@n‘tmﬁwf Macslymmyl bel mut:helomast thhat £ha), but error-free
decodi ng of %ﬁs%‘l?ﬁxt gliat | |0qp,n4 thnEd@ﬁﬁshBPe at every 5 baud rate

shown. Typica Iy owever, several o e termnal jacks in the network
will be unterninatMoP §02 reseizes Fregsmihadaga Ergurehe1bighed 19B show

the inpul se uwn%tw&ﬁwt@w u&%&asee eS@@@I’IW' ¥ncB8k¥eefe 10 the
t erm nal jac%os&_ r<i1bedroorrﬁ 1602 and kit chen 4 when the term naI j acks of
e

bedr oon? 160 angh, PHRSHSEET lf66§t8r Eraﬁf“é?‘f:n RAFkgESTheln
unt er m na% ed siomtemenddod it s auseastingngheehbsct dang, inwbledsaci ng nul | s

(points of | Yipeduenmng SROIRk HAAE 15ne8aRasLy, FlaUheRnaah hr oudh

20F show t he [ati on transmt et ween bedr oon8

1602 and ki t chemned£hagaqiard stacss b@tr@em)&t}a hgsh1stahien ands Maud,

1.09 Moaud, 4h35 Mderiidriaigd &amd&bau@uchewa@&b&@bgménmEygﬂﬁeianA thr Ough
20F, the 20 genter fre%uency of  t.ransm ssion i s 8 tines

the baud fre - 1y ﬁr§&F§§’l§§AlPhP5§§ﬁ E@lef‘ﬁg Frﬁm num
baud rat 20f orthenedfifeldtzed ft rddremedsidistotrt4oGAP Pseppoerhsiegbel ow 1 Moaud.

For Ionger | igggs.d i, shared yuedi ug, 1600 henbaud LALA vRU! fleceZ9ihs even

| ower. The process of ‘acquiring and processing a data packet inc es three
tasks: det er @tdtiPr‘fs tacedasirihfiunsitionst-he data packet matches that of

the host station, gHe rt%ari&fiﬁtﬂ%ia@:ldé&_{‘skehf@:é@ aacdaiﬁgr dede Bﬁeﬁecodl ng the

i dentificatiqn of thesurc an t her mat nre e
det er mi ne t h& " FERRHHER g‘dﬁg% 9’:5%/23)# paanQfl&Pg 5§ﬁdsé EF’ H‘égt he
correct Paud qdm&eal(]lexe 204 H&?‘J@m'eeczt) smﬂbDEg:/nhesaa§>gior6derm1:latah| ng the

payl oad data.. é‘Bb g;use thsS :fé%[ kAW BER; B ﬁ%ﬁe?acﬁﬁﬁ

S
initially rece| ve I‘'ons "are not synchronrzéd w?k a common
-37 the control of MAC controller 206, is then transmitted

through hybrid 209 to shared wmedium 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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5 Septenber 2002 cl ock. The baud-phase nust be precisely determned in
order to denodul ate the payl oad data using the predeterm ned paraneters. ~A
section of header 2101 (Figure 21), a preanble 2102, is used for baud 5
synchroni zation. The process of acquisition uses headerg Aber 2082 a
packet 2100. The length of header 2101 is overhead mhlch fects the

t hr oughput of the network on shared nedi um 1600. The conputati on cost of
processi ng 10 header 2101 is al so overhead which affects the cost of the

net wor k i nt rface S i nvention,
typi cal payl aceasast3 2{@4%&%;%? ngqg’?guwng T%% tgsep B&eg ?8 and 1000
bytes. Any Slata padketd 4k &hat04deatify tded swmrnelstahngm avdnt i on. | f

payl oad dat & 2104 dsidMhardRa Readeicrevahead . Ismgtsesglgha%f hgant .
However, if short data packets are bein ug processed .t hen héader overhead

becomes ver VEShcte it 1‘3@?’%9&&% pmedudadiipn prefdlpstaklgpgatent inpasse
20 in degodimg drhen Busriee iand dﬁ&ﬁdlﬂﬁdtqnhe-ﬁﬂérs Hoeesabd ¢est uaaki on

t be d d th t t t
noni edge of A LD & i dUREY 1t FOLoIRSFaS S5 85 RRGRRFFERFty I 1
acquiring ;rﬁaldahuﬂrqm&s&hawmatymm | v se¢ aff egedlfizequency 25 tone or
a_combi nat Oél:.eg{ £ 1 NG flad % QAlfHa& gﬂ.gf tha ‘E?E%{;Bﬁ%egﬁ an%%b' €

efficient synchronization. a sin one sol'ut e phase
of the tone Ba¥s b@%@%@%ﬂ%%é@ tthede Uses ﬁ@ £patkatdDEN®Be. For two

tones, Hhe r'ﬁd@tfu&e:tpi&seeéaﬁi\mttl%aaqyt aﬁ%b@a@tbeeasgﬁtngwever in the
severe channel stprtl on CI’I %io gere maﬁ be deep spectral nulls
Fn& Ut CeHE

at arbitrary® ‘? Fl'y be attenuated to
an unusabl e IeveIThé_ldszamsm nfcuhﬂaatpa:rr paloftideesabdiet fen beneheoul d be 35

attenuated to. n%gpl \{3![ I 4 le that is short
relative to c?hra&f dé:ru gg) te O% 7?809§P8'ﬁ§§§? echo, the
channel wi | Iparanefrie &9 r@ftﬁrs}iersﬁvtﬁratlhefﬂm@@umscorfr QBMODhé'Ophase

measur eqent . 5 Jhel fe af it dUHTRY é)ftlm bR RARLRESTo8NaRa BROPI ems. One
met hod woul d be to sengFa traini g 5 signal] wt everi packet . The
i’

equal i zat i orPER bhet%er A @k Sdhcere 70fAi ni A§ DENRRI
enabl i ng decood notiod édﬁﬁaimierls nf clewision fleeldtbackbetubbizetray result in

hi gh comput ay] pal s GO £iY toh uith 'iland VRO 1S nbO ol R clycr eased

| ength of t
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 packet. This nethod is further discussed bel ow. Another nethod 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 |ength overhead. 15 A
nore sophisticated nethod is to performlinear equalizabiSyptérhb&h2002
transmtter. Assum ng that there is only one intended destination for each
data packet, the transmtter could invert the channel such that the signal
woul d not be distorted when detected by the 20 i ntended destination

station. Hence, no equal.ization would be required at the receiver. The
signal woul cCL5FPL dﬂ'ﬁe%t‘rp (S e FIF TR RY Y delAtcekom 2he net wor k,
but this wousibml tratdierh ashd aritarasel hef eshiteved asediadn as 0@y of det er mi ni ng

that the packet wgs Ans rlgl:q[ i .8 e@mﬁ&éir{éﬁn sﬂ_&?n dir{ flj.lc Ly yvl th I'inear

equal i zati on, however, i's at the signa noi se perfof nance can be

unaccept abl ycpoerct eypdanlinteyambak ikemi¢rentr ainscepett refl nulls. An

obvi ous Rr obh £IBSEEIBH | h | the@hiiel Ofi 4 heed Hed PP 30 falls in a
spectral null. "As an alternative to |inear equalization,” the header may be
precoded at f¢RgiAhAedRany SWMIbirey Kwrigingterd, fopwardng M v

Eyubogl u, " Gediid etk Fqued iarad | feedvishAdodidinlbzeyy MrEodiow, IHREE Corm 35
MAC., Dec. 1991, at .25:-34) . Precodi iS.a non-linear e Ji,zati.on net hod
W th near-op?l?kf‘ﬁ\a]f %’?%%%]Im N Soi s at?tée%?}ér%%ra%%)u%ﬁq% f¥hce. There
are several alféenamive ypathads pirechdling thadechyidre fisssi-tatk Tond i nson

Pr ecedi IS s S AL ' j 7] t he
header . Ii% Pr%‘@’(ﬁa I ng,yh%a{v%/% r}m é.ééa}]e not lbgaﬁcgg%@ oir@rhgﬁlgoésjginic rﬁi zation

because t he ¢@4alizery lagg nplierdideadle semkion Andihr rparramstansii t h

precedi ng i sof hgded heo el dtgi gl DLES ST € Gnd eseddayd @dgannfi @escal e factor
whi ch coul d 2@ different for. ea h%%at hway. . The scale 10 fagctor cannot be

det er mi ned e&%? |3FDrAtARUSGYY b‘i}' o i S{PTRR %r%ééﬂébr Rt one ni ght
wi sh to encodee t hemseal eoff acttrrsioningl aisespufecenad Myt ttshe n t he header, but

decodi ng he%gu%%%g\pl{gdo dsdg as .ﬂ;@béﬁ_g@ﬂgelaso‘ﬂ%ﬁ%ry t he source and

destination i't cannot be done w thout prior Know edge of the scale
factor. One ferrmeetesd WHUISIII®Dh- has two conponents: First, for timng

acqui sition, a |ifgardorRauadd zetyasighde- {4 eoyancd Wi ygeanbl e is
used; Second,h20 fé)r encodi n%etltﬁnf rna |$ﬂr31 i n the header, Tci?m i hson

precedi ng f o LR iR d n(ge‘é% 2R (P Hon 3 ks %Fedié’rﬁi zed
scal e factorths acexectfedjudat® s sdrank. a Addpteackil 34 atheuse with this
met hod. ta ]’9‘% ‘ ?{g‘qg}s] f preanbl e 2102
and header i%?g{r;é(rrg‘%?%n %?%ﬁ%‘&@%l@% o) :%‘Cga%/ oad data 2104.
In this methéacofedgatia SGP koM sekieen T¥meand ashirusted the frequency by
one-fourth therimeEerates Bierosenad AFPNMB0Df td Neptt i 4ONGs are possi bl e.

The functioning of the equalizer. The parameters of FFE
704 and DFE 705 include multiplier coefficients 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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30 two tones are linearly equalized at the transmtter to correct the
channel distortion for a single destination. The resulting preanble,
therefore, has |l ength of about 28 symbols, including tails fromthe |inear
equal i zation. At higher baud rates (e.g. 10 35 Maud) th&dpienbet 2002y need
to be | engthened. -40 5 Septenber 2002 The frequency of the tones is
variable and may differ for each pair of devices in the network. A m Xxing
frequency is chosen at training time with the objective of maximzing the
signal to noise ration 5 { l at the receiver. The n1X|ng frequency IS
path dependBfifeiradvatenal rgping choft aferisien-Peddiber fpan sl %eh over a
severely dlSDGEIeﬂeﬁhﬁﬂmblerl709SréVth&sptﬁ@aéfﬁeéﬁaéftﬁere will exist a

frequency at, which n it he g1 nto pectral.null 0 Header

i nf or mat i on“216%°P2 %su %ﬁr%ﬁgc SﬁﬁaQEW%FH39?“ ALPHr exanpl e,
21 synbol s. tBowhlhéadEhelﬁm©¢hamm00f2¢be andn@meanﬁ¢@azaﬂgnale preconput ed
nan I {! Rbehl8LMRGn SAERoHOEN71H0uBE gmégllﬁnmtamﬁfé%m&%gl gure 22
shows a net 8 recelving a data ac etermn aud- phase, and
decodi ng theeﬁé%@rernaracwé%%l?&oesmgré%@vmtirb k gedeson 350

{Figure 3) ah ah@ppﬁaﬁérfgagetﬂsoazmen& V@ﬁe%ﬁvdé&&é’rd‘llﬁguéﬁ&d
desti nati on ang rrce dat %s 221 ncl uded i n ader .i nformati on_2103 and
preanbl e 2158€ %8 PRY ohed™hi XEQ RPFhO%?ﬁré@??dﬁ@%dbﬁ1&?%% f requency

and I|nearlyneqhalszgdahtprbeessangnchasnabnbw when atdlse t i on, header

| nfor i OnaBhidufacelican R anpdeds 10! . ! batefipls £ n%f}éﬁare r ecei ved

from eue ure processing 1S acco ed offline or
fron1sharedbﬁﬁépﬁﬁ1EBQOd?FahEHE@PQBPBEe§§|ﬁ@m@@ub%%@ﬁpTQQhﬁﬂylhﬁthe

har dwar e onylihRer 5§tlﬁioﬁba§ﬁe§étfﬁﬁ&t98nbs agk 08Phd SELLetN tWo steps.
First, a rou estimate is Q talgé é ?Hggthe 30 relatlve hase of the two
0

tones in roQBhipRadeuESt PhaYibRT P8 B eebFLfk it e know edge
of the preanbbeoﬁl&eﬁgsibﬁqﬂeédbacBeGQﬂdllﬁef|mesestIﬂBtﬁels obt ai ned usi ng

t he abs req%rg%g%%eaf %Bgdiggg? Ehé'g?gﬁ%?SSrgéés”a%'on 2203 The second

step 3 I'res an es e m XI'ng equency -41 5
Sept enber ZQGElGYﬁdgcﬂhlben%Pﬁ@éalaﬁedcégre@@he%Qmmhﬁé ahald@ baudphase can

be obtai nedpdekRE Bas88Q"bnPisASbhEtion 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 sawmples
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 Viterbi decoders 808,
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Rough baud- phase estimate 2202 estinmates the rough baud-phase based on the
rel ati ve phase of the two tones 5 in preanble 2102, w thout any know edge
of the m xing frequency. The phase estimate is found by eval uating the
phase of the discrete fourier transformof the squared §@epterfdes2Qo@l s at
the frequency equal to the tone spacing. In this exanple, the tone
frequency is 10 one quarter of the baud frequency, although other spacings
can be used. Therefore, the rough baud-phase estinmate is given by i?~1 =

(2/x) Phase (fitex(t e-clf ~ Ve (1 where x(t) .i.§ the real
recei ved si gén%ef ke on%a'ls%ér%a %%?Um%,r%%%ﬂs]i%aﬁetcgﬂﬁ ﬁ’g&f rvt?%‘lerfé two tone
preanbl e, amhich gnahevdoandin reeplesies . of b¥isadrnas glesesastdfimat i on 2203,

the absol ut & 20 - Rhase Hfe LASFS MR PECRTHNE dNESALLE G, and an estimate of
the m xing frequency is required. The mxing frequency is initially unknown

to recei vi nFNIRLEEAIRFLAPLIRS N xi k'S i @nd Sanstieddiadd a om t he -
pover of st heddptistEsterdat i Med DFidiel preamide A% dgratibathene die first
derivative is @gjﬁi nat ed b(%/fa}si n‘lrjlle%‘giscret time filter, H D) =1-D. The ]
ratio of t h" AV GEOPRET- e ¢l Y AP A Th e 8Jdwer of the-
preanbl e i s appr cxi nelteyngt i veeembddimednto roft Hehd mieitrigod riegquency. 30 To
obtain the f}] - ti i i estimatjon 22 t he
preanble is %%@ﬁe&g W %S&nbl g@\%ﬁ}le% gﬁt c ede]’flﬁet ;%)éteoss&ﬁ %lobr? t he
baud-rate syHb@arithonehelptase Mrdvise argalarntian (206 and athosen based

on the gEUIN PAULIPNASEFEBFAEEBIEL . TheoB edddifldaud hase fhitiddmles 1S then
given by -42 5 Sept.enber 20$2 (%; = f2~~ - (f/4nfm) phase (7f|n z (n) z
(-n) ) , wheF¥eR as{these Reriqyp % W8S hdh&Fsam i@ 1% or mat i on
2103 is preckxiefi bHtet 205, tFERSTO4 tamd) BREALT0H aftierg dbaiinatzonthey ecodi ng or

some ot her [ SSSE r ' 0 are known in the
art. Pr ecod%\cgg%?p{?/(!gmes nea?r-l ﬁ?%nﬁ%ﬁ?&m@;%&ﬁ% gd%&rereeqo&?ri ng the
recei ver to ¥eRet Huive ol bhigby sdeeuny it e preiatdidion pdiheset ers. However,

10 the d%cog,%fwcéw@sdé&& HEAhp Fedttod £00¢ 1Rfrdhie-scRlR fackyy for a

nodul o operation. In a, typical gm nt -t opoi nt nodem application, this scale
factor is knodfh DYERPERECERS etoad PR G ihoshoRRRGesSiHtetddthe scal e fact or

may be di f f etmpilederteashft sSDiti€ essifistaratoomn. pafte and-olltd® LFUrce i s not
Iee 6f)act r isfal so not .known to the

Irgi:te: \alllalry #Ré;g\g?:%o%é Pé’é%%%géés{]?;lse?%?ﬁﬁf n scéi%éarfea&rgﬂ rceaélo\Pgry 2204. 1t
can be shownin¢rgased By rehisyaempinat ool irosivasre coeesGRSIY sequence
can be g@codedy 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
frequency 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 required signal processing are accomplished in off-line

processor 351.
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20 wi thout know edge of the scale factor. This feature can be exploited by
encodi ng the scale factor entirely within the first synbol. However, only a
limted anount of information can be conveyed in the first synmbol. |If 4-CAP
symbol coding is used, as is often 25 the case for the regapfedtier@ooeader
2101, then a scale factor encoded in the first synbol can have only four
val ues. QPSK encodi ng i nvol ves a constellation of 4 synbols of equal
magni tude with phase differences of 90 30 degrees between adjacent synbols.
QPSK encoding is either 4-CAP (carrierl|ess anplitude-phase nodul ation) or
4- QAM (quadr at urEn | 3ddifel orrll ehetiment s cehe peeeeFsinwiafly only four
val ues is nedmsid fpLdients Hoawewex q@ea@tm of i $@Fevd g, th Se,pragtti em35 is
to quantlze the scal e facto& nor;:I nearlé in s(t?ggr?sof 3dB. Gth step sizes
may al so be’ Liskd PHHEF Phided .93 thal SRl oy AR K e
guanti zat i ohmgthtpSprBorm)attelmlarbyotgﬂemgaueesprd'chmsmutfirstg constellation is
shown i Figure t S C is twice the
R R et S G A A i

magni tude of s const ati1on magni t ude of

the synbol sheader rﬁ‘?wtbﬁ(t?te(ﬁ%t”po%%@ el Wagion udrtestt 130 precoder

out put si gnglrigdRe EPNSEdE B Ofb inbrt] B8 esHded afediBde 440 it el y many
poi nts, therefore there is no limt, to the magni tude of the scale factor

that can be"Rp REFFRAFE e OHFR %?I‘\"rﬁ@ét’r‘b?@r’%e’f%a‘il‘tkhe scal e factor
can only takeansmigsidn zefl & at ressfBdadkéthi s whanme)se A | npor t ant
characteris 0 hat_ 1 he n| mum di st ance .bet ween t he

Cr anemith edd46r feed HPAE 12 el od g b R TR S R at on 1< o
| ess than t GRrpier nsensk sandcheadenedgt ool M2 iand heoULiGPrIconst el | ati on
used for th&e@@@e%il@t@& Jtt@r&éfgee,aghf Mgecémgt&ya&t the scale

factor is at | east as good he noise inmunity of remal nder of the 20
header. For %%I%Acl?PrF‘f’@%]‘]eel?ﬁq HeP rﬁl?\]r%rﬁ’t’:ﬁ“ﬁ%“r“cselqrtd?ﬁ dhecal e factor
constel |l ati eﬁamum [ha)cltéts nenmaséfdnﬁeghb@tfwdn& ZLﬂn%rﬁ/hft%eﬁﬁ) t&zﬂt m ni mum
di stancl§ in (tahe &oneeéc ed@tujhorh;shomn in. Fig %ée 23B is ce the
scal e fact of 7% &ho § or it T ohe 2R h 108 AU RIS n header
decodi ng 2205 dmdect:ttmmde@flmnmﬁllm o331 se ooy eslered nnextneuk aEst i nation
2206, the desti ”ﬁ'Q&@d&E%&lm&Q%%@gﬂMti&? g%é t'a%?? addr esses
n payl oa

and, if there is a nmatch, | oad data 2104 i s decode dat a
decodi ng SOPQQ’G?tSI‘Fh“t“FIe"i"é6| LirrtRA oWt Skl IORYS di scarded in
di scard datpreseketor28Baved hediuttado o0fas5th hegtivd tap precess t he next

data p%ﬁ¥etFigure 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 wmedium 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 interface logic required for the host
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Usi ng the above nethod of baud-phase estimation and scaling information
results in a baud sync error of 35 generally less than 3 dB | oss and a
precodi ng scale factor quantization (affecting header 2101 only) of -44

5 Sept enber 2002 | ess than 3dB | oss. The worst case si gn@éptemnbesi2f02| oss in
decodi ng header 2101 is, therefore, 6 dB. In addition, there is significant
decodi ng conplexity in decodi ng header 2101. Tim ng sync (baud-phase 5
estimation in steps 2202 and 2203), for exanple, nmay require about 1348
real MPYA operations. Subsequent decodi ng of the destination requires an
addi ti onal Statieasl tPwheratieningfwonkc iatdrfestd @0itorndedodilvglerist be

acconpl i she 1{] LS4 B ued data packet. 10 During the initial training
sequence of e network, each station obtains a channel nodel representing

the channel respdis&tisr iERHARGEAG IOy REMMLAGHs@nd AP A1602f t he ot her
stati ons. Ths&‘é:ll RImaitéd iinS st sﬁmedem&t&tatdgoenpr&i‘é IRst711l 15 and
811 in FLgures 7. and %bﬁ;&;’%g & use % tra| ni ng the equal i zers.
An al t er Rat iS5 hod rlL%’r 399 B*§ure 24, invol ves
nodel i ng t heinghameitddrine ey nreaut;mwetf ddtea mmﬂ(@ttatﬁmma packet 2100 -
(Figure 21) is 2 fﬁﬁ%! d ei hod,
preanble 2102 (qurg 2\1%:1 |ér?%v{183e%s b\i%cfg?tl n |on tag an;ﬂmtral

sequence. THeéGYai dithgessdyendedss fadd (Raakints mre memmo | n

cal cul ate Cfﬁ/ﬁ‘%orﬁ%ﬂﬂ&t q14402. Tihe pﬁx*&lmfée @Q:'hecalgti%l%@ da@ €1 t her
decode 25 the destinatjon ta g gid conpare that with a Set of one or nore

addr esséf t Rackele 1§ 49%%¢ Hath teHteold 0dr mSPEXaA&dT esses
that the st aldt@rt@cdinas adartee @nnasdad LN qridha hehairdlt isedel f or

conpari son t.h the St 24, each of .the one or
nmor e addr es\é&est‘-’ll ?accol%\?ol vsg?ovt\}%& tq:%’e R%gadn "E‘ 0|e7matt eIn| {ri\l: s‘:"tégﬁ‘ 403 and the
resul t conpau@tb.waamnlreemt@tam nwnwe@tm@moummthmBMOS i f

there is no helbdiaile HAtd %aas..o t(r%ngLH&@olcrlqw tééngee‘cdf al |
addresses 35 ave been checked in If there i1s a mat ata packet
2100 i s1fr oA Pl a3 dddss and Lhpe k& Ss!“taéi?d asdiug 40%-enher 2002

Collision detection is accompllshed with echo canceller
1108 and carrier detector 1106 that outputs 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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2406. If there is no match with any address, the data packet can be

di scarded. Tf there is a match, the channel nodel nmay be refined and used
to train DEMOD 60l (Figure 6) so that header information 2103 (Figure 5 21)
can be denmpdul ated to receive header information 2103. Fhgegtember 2002
sequence in preanble 2102 remains fixed for every station in the network. A
channel nodel, therefore, can be created using the known 10 training
sequence. Figure 25 shows a sanpl e training sequence. The training sequence
in Figure 25 is repeated sonme nunber of tinmes, i.e. 3, in the preanble.

Met hods of &8A8t KEdgpng A0thanRBC sbgekerr ddl3uehsa reapivag §Bfuence are
wel | known. hbat! BathepheReBENg sequence is a periodic sequence of period N

wh N i . of t t th . to th i h I
length, a cal cul 8BRS0 3t RESURalE! PRSAEE*EHat BLPBARFAV6PPeSTonl y

addi ti on opdaati demodadaberparbar, methictr éat bymidéductogthhkedd@aconput ati on
over head; Far ; r t Lal.nng,Sequence consist entirely of
A N§SP§§ﬁ&ﬁ§?r§ ﬁéérg he %1%3Qb% 7 sﬁa 8C€ PBBYa

QPSK (4- QA y s and t channel "estinmation requires only
addi ti ons. PemomudatplellpPai AngdudeguEssampapraldblconsfsedentirely of BPSK

synbol s usi pgr@acanebBhlabeen13930f a2aaribebs ebegBHak BBAAN Yde W th phase
di fferences of 180_degrees. For._. t.he tralnlng equence nmay consi st

N=32,. S
entirely of 138f0- FALEFFedvaa  QBskeIPinIrsogrTgpRI sy el mapBepsk
Zy?PN ogy hasos eedstekcahnbleef 18 09ynbErsorf negtiiabrmagost wea patll phase
ifferepce of 30 45 deqgre etween .adjacent synbols. For 64 he
trainiﬁggseg Sﬁgetﬁﬁﬁﬁg6n§§8? ﬁFWPnghb pnggén§§ﬁﬁépg SﬁngBBH%res only a
smal | nunbetoofresampilpli d3Plons Phaametrssr gonktmglihvgchhanel esti nate.

Conputi ng t hroRdudkit36h PRLARRLE!GHAAMSRrea33nChBANELBde! . however, is
conputational l'y i.ntensive. A destination tag in hgﬁder 2101 can be checked

by -46 5 B&pEddssr 72802ncofpdr iRy FERMTESsti AR 8h REE #PPWNa28et of tags
associ at ed Vnightisheéohesle vhatibas fuhck iwalscbfoebdr blotkeaikheanddnt i onal

conput af L on _r.equi r t o_obt ai.n e al_i zet,.par anet.er s .and in_the
equalizg’ | iRy AP akdRe ﬂgtg%{%h&t%%%natnl%é’lﬁgfﬁéd,degaﬁlﬁﬁ 33pBoin

par anet er s @gFrecests imge eyswpillby ist opéd onala impdbhlist iwplpmehith&dohook- up
table 711 and 81%1%%1%§1§h%WBanaF. WS 34 a34n8or Th D3286§ exanpl es are

denonstrative of the 10 inventioon only. Variations of these exanples which
are obvi ous Fdaswe 1)1 e@ata fife host BACkRtt kramekelscbpétsrednin
invention. Ameudchaouhichaitndenipagt iof linBer®Fdce 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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only by the follow ng clains_ -47 5 Septenber 2002 CLAIMS: 1. A nethod of
network interfacing between a host station and a set of stations,
conprising: receiving a data packet froma shared nedium the shared nmedi um
connecting the host station with the set of other statisggptefitie@002g t hat
the data packet is a receive data packet that is directed toward the host
station; converting the receive data packet to a sanple packet; storing the
sanpl e packet in a receive queue; perform ng signal processing on the

sanpl e packet to obtain host formatted data, the signal processing being
performed sepafhpanelakstimaddanefgualizean Tapfininge andcHeader sending
the host formatted data to the hostp,gldQlg recei ving host formatted data
fromthe host station; converting the host formatted data to a transmt
packet; storing the transmt packet in a transmt queue; converting the
transmt queue t Mamyt leadsidiimedtisa qaakeals idRiedttiiong wihat ber ueednot there is
data col Li si by ner.ating..a chq replica.of. the transmt data in the
of f-1i negprg’gleq:shs%)iro;cgd?t oarli%ﬁag té Oexgﬁsoq}aevpﬁnlgcé“uvﬁ%tlﬁlfehgtt %&r?élﬁ’i t packet;
creating an cssingeatatch Pk ares ol wia Hwisted padni tedsphopacket ;
subtracting }ihg LN data HafdiRle fd:0MNa RlA Racket i jigcei ve a

differer-~s-:~ signal; detecting the data collision if the difference
signal is asSVStdnhldhainuanl . wWHeh tamines fget #éet Pinsnit data
packet onto ddiglitfianed MEdiiHg idb thewrbfente toirtdoat ber tthat a packet and the

gﬁéaacgibl z.};salsn%. %{sdﬁé:q}aqtﬁhﬁo. ]dﬁ.gci:];]ﬁr_]fga?tva\{)o[% Io t(i"arnf %Cslen%n%%tn 1?:?.0%egOSt station

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 wmost 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 0SI layers (See R. L.
FrREEMAN, TELECOMMUNICATIONS SYSTEMS ENGINEERING, THIRD EDITION
(1996). In many embodiments, payload data 2104 is
modulated according to a pre-negotiated modulation

30 scheme, however paylocad 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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5 Septenber 2002 receiving a data packet froma shared nmedium the shared
medi um connecting the host station with the set of other stations;
detecting that the data packet is a receive data packet that is directed
toward the host station; converting the receive data paq¥$é fePhisersmp! e
packet; storing the sanple packet in a receive queue; per o?n1ng si gnha
processi ng on the sanple packet to obtain host formatted data, the signal
processi ng being perfornmed separately and i ndependently in an off-Iline
processor; sending the-host fornmatted data to the host station; receiving
host f or mat medudataofr paramethost tot makdmizeohheotygmgut he host formatted

data to a t ls cketi s st orlngithe ' C ' t mt queue;
converting % ggg}%ﬂggft gﬁéﬁeeggggl?gaﬁ%%€?agg%aP%aéﬁéﬁéf%éﬁeé:|ng whet her
or not ther8ti stagtaupolimei 8F whengbher dinagcandetiens ephange of a const ant

portion of bheet t@asihgPaskebmpletBe ehé- kAL GhOWSPExcitdiRAL ilp an echo
replica datapiacket frog%the C lica, storing.the echo replica data

packet ; BubPPAAPLRG: RBTRERQC eBgFgggﬁatasﬁﬂek%Tb??%mﬁQQFcﬁﬁ%@%ponding

portion of the dgualpaekebnt peceépteod dathedenaepadiggyal ; detecting a data
collision if theydh{fgienge-abgnabnticfPMaCHR pPLESIN Sl oNdlas

access to the network. Only one station may transmit

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.

15 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 cannot 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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and transmtting the transmt data packet onto the shared nediumin the
absence of another data packet and the data ooltision_ -49
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|.AY. A 5 September 2002
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] ca] ca] c’a] ca] b?%ﬁf%a} Q%q F shows a (carrierless
_8 ) axaaaapfbgb«b@cﬁnégé]d@aﬂ‘@pﬁ‘i‘é&l) 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
shows the 4-CAP constellation at 0.14 Mbaud, Figure 18B
.41 Mbaud, Figure 18C
.68 Mbaud, Figure 18D
.09 Mbaud, Figure 18E
.35 Mbaud, and Figure
18F shows the 4-Cap constellation at 8.70 Mbaud. Other
constellations having a different symbol alphabet may

shows the 4-Cap constellation at
shows the 4-Cap constellation at

30 shows the 4-Cap constellation at

B O O

shows the 4-Cap constellation at

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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ically, howéever, several of the terminal jacks
in the network will be unterminated or incorrectly
terminated. Figures 19A and 19B show the impulse
response and frequency response, respectively, between

10 the terminal jacks of bedroom3 1602 and kitchen 1604
when the terminal jacks of bedroom2 1601, den 1603, and
bedrooml 1605 are unterminated. The unterminated
terminal jacks cause strong reflections, introducing
nulls (points of low frequency response) in the

15 channel. Figures 20A through 20F show the 4-CAP
constellation for symbols transmitted between bedroom3
1602 and kitchen 1604 for baud rates 0.14 Mbaud, 0.41
Mbaud, 0.68 Mbaud, 1.09 Mbaud, 4.35 Mbaud and 8.70
Mbaud, respectively. In 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 unequalized
transmission of 4-CAP is somewhere below 1 Mbaud. For
longer lines in shared medium 1600 the baud rate would

25 Dbe 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 demodulating 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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order to demodulate the payload data using the
predetermined parameters. ‘A section of header 2101
(Figure 21), a preamble 2102, is used for baud

S synchronization.

The process of acquisition uses header 2101 of
data packet 2100. The length of header 2101 is
overhead which affects the throughput of the network on
shared medium 1600. The computation 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 tomnes 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 be 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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5 signal with every packet. The equalization parameters
can be determined from the training signal, enabling
decoding of the header information fields, but this may
result in high computational complexity and lost
throughput due to the increased length of the data

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 wmore 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 station. Hence, no equalization
would be required 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. An 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 CommM.

35 Mag., Dec. 1991, at 25-34). Precoding is a non-linear

equalization method with near-optimal signal to noise
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precoding that may be used but Tomlinson Precodlng is
probably the simplest and is appropriate equalizing the
header.

5 Precoding, however, '‘can not be used for baud
synchronization because the resulting signal would not
be tonal. Another problem with precoding is that the
decoding process requires knowledge of a scale factor
which could be different for each pathway. The scale

10 factor cannot be determined easily or robustly by
analysis of the precoded signal. One might wish to
encode the scale factor using a sequence 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 transwmitter to
correct the channel distortion for a single
destination. The resulting preawble, 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 lengthened.
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The frequency of the tones is variable and wmay
differ for each pair of devices in the network. A
mixing frequency is chosen at training time with the
objective of maximizing the signal to noise ration
5 (SNR) at the receiver. The mixing frequency is path
dependent and varies for each transmitter-receiver
pair. Even over a severely distorted channel, it is
highly probable that there will exist a frequency at
which neither tone falls into a spectral null.

10 Header information 2103 is usually precoded 4-CAP
(OBSK) data having, for example, 21 symbols. Both
header information 2103 and preamble 2102 are
precomputed in an initial training step when the
network is initialized.

15 Figure 22 shows a method of receiving a data
packet, determining 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. First, 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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the phase of the discrete fourier transform of the
squared received signals at the frequency equal to the
tone spacing. In this example, the tone frequency is
10 one quarter of the baud frequency, although other
spacings can be used. Therefore, the rough baud-phase

estimate is given by

3, = (2/1:)‘9hase(zt x(€)? e'(jft/“), (1)

15
where x(t) is the real received signal from shared
medium 400, the signal coming from the two tone
preamble, and £ 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 initially unknown to receiving 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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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 1is to quantize the scale factor non-linearly in steps

of 3dB. Other step sizes may also be used. The phase
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distance from a scale factor constellation point to its
nearest neighbor is 2.12, whereas the wminimum 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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X" Sc \!10@6§hﬁ)écgggi§§ng sequence. The training sequence is used

to obtain a channel model in 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. In 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. 1If there is a match, data

packet 2100 is processed in a process data packet step
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(10%#& () - @?9'1O%ﬁéfé}a1§§ng sequence in preamble 2102 remains

fixed for every station in the network. A channel
model, therefore, can be created using the known

10 training sequence. Figure 25 shows a sample training
sequence. The training sequence in Figure 25 is
repeated some number of times, i.e. 3, in the preamble.
Methods of constructing 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 calculation of
the channel model that often involves only addition
operations can be performed, greatly reducing the

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

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

30 4S5 degrees between adjacent symbols. For N=64, the
training sequence may consist entirely of 8-PSK symbols
and requires only a small number of multiplications for
constructing the channel estimate.

Computing the equalizer parameters from this
35 channel model, however, is computationally intensive.

A destination tag in header 2101 can be checked by
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parameters are not necessarily stored in a modulation
profiles look-up table 711 and 811 as is shown in
Figures 7 and 8.
The above examples are demonstrative of the
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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CLAIMS:
1. A method of network interfacing between a host station and a set of stations,
comprising:
receiving a data packet from a shared medium, the shared medium connecting the
host station with the set of other stations;
detecting that the data packet is a receive data packet that is directed toward the
host station;
converting the receive data packet to a 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 independently in an off-line
processor;
sending the host formatted data to the host station;
receiving host formatted data from the host station;
converting the host formatted data to a transmit packet;
storing the transmit packet in a transmit queue;
converting the transmit queue to a transmit data packet;
detecting whether or not there is data collision by:
generating an echo replica of the transmit data in the off-line processor;
storing the echo replica with the transmit packet;
creating an echo data packet along with the transmit data packet;
subtracting the echo data packet from the data packet to receive a difference
signal,
detecting the data collision if the difference signal is above a threshold
signal; and
transmitting the transmit data packet onto the shared medium in the absence of

another data packet and the data collision.

2. A method of network interfacing between a host station and a set of stations,

comprising:
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receiving a data packet from a shared medium, the shared medium connecting the
host station with the set of other stations;
detecting that the data packet is a receive data packet that is directed toward the
host station;
converting the receive data packet to a 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 independently in an off-line
pracessor;
sending the-host formatted data to the host station; -
receiving host formatted data from the host station;
converting the host formatted data to a transmit packet;
storing the transmit packet in a transmit queue;
converting the transmit queue to a transmit data packet;
detecting whether or not there is data collision by:
generating an echo replica of a constant 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;
subtracting the echo replica data packet from ta corresponding portion of the
data packet to create a difference signal;
detecting a data collision if the difference signal is above a threshold signal;
and
transmitting the transmit data packet onto the shared medium in the absence of

anather data packet and the data collision.
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