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MULTY PLE- ACCESS NETWORK SYSTEM W TH FAIR PRI ORI TY QUEUI NG 5 The present and
in particular, lm\ummm%wm net wor k syst em BACKGROUND 10 P - swi hehed
are useful for II H | of data over shared comuni caﬁ%@ﬁ"%‘%ﬁkh@?s on
a wirel ess. The dat®mowemruni cated may include nultimedia information such
as The present invention relates to packet-sw tched comruni cati on systens,
tus and a nethod for a packet-switched nmultiple distributed fair priority
gueui ng. communi cation systens (e.g.) packet-sw tched networks) t of data
over shared Wo¥aH0cati on channels on a such as tw sted pe¢risogsomy al

cabl e, power lines, and communi cated may include multinmedia information

such as. voice data and video data 15 One such systemat is in w de-spread
comerci al use i4 PACKETSWIRCHED MUL TIPLE-ACCESSNEBVORK STy used in

mul i pl o accese. t eohni que PEIBPAERAAR RoRE AR0RE NG, o1 ol st ot ons

contend' g for use of a shared channel. In particular, standard ethernet is
based on 1-persi.st Car i nse Multiple Access with Collision 2 o
Det ect (CSMA/ C%IE‘\}S@.: wh.'“?ﬁai ot~ Resol ution Algorithm (CRA) referred to as

Bi nary Expomential Bagfresthf int&Eh reldtss 18 phRM¥itthed cp&}nwcﬁg& s?&gt{xg d

comuni cation channel . 1s shared by network termnals or statrons’(e.g.,
personal conput3®f & DEiculs.ite preRPRratupanda methed fons paskettswatchddamitiplear e
segnented into § I%@Eg{] . . ane station is granted
access to pl acgﬁ%irsé.%&%cfansm%@%%%gﬁeﬁgﬂ%n hE®h8innel at any given tine,
and the presence of a packet can be detected by all the stations using a
carrier sensin 6&5 ations obey a distributed access protocol that

i ncludes the f ges: (1 ) station wishing to transmt a packet
moni tors t 8 channePadket-hdtched conrpunidadensyetes (epapabi@t-switchbd HgBkthe channel

is idle each yst .2002 99/ 43130 contendi ng station comrences

t ransni ssi on; ar?ﬁﬁj\%ﬁlﬂ’fﬁ‘gWﬁg\r/??ﬁt?ﬂbﬂé‘iaﬁdi%ﬁ‘%{c@&@h@w&%y af r om anot her
transmtting stvatietpnf phySicalgnddiassutts & oistddiRircannehtlE, pBweliRles iafh ON

det ection), then[e:l he 1}} fion abapdons its transm ssion and activates a

Col | i si on 'Resol"Nf9Sh e&@ﬁ*ﬁﬁ“@@%ﬁﬁlf‘@yl"@g‘éfV‘éltWWélaa'é,fe’@s%wM@éraS ng anong
the 5 cont endi n@ics dath bdWEded datast andard et hernet,the CRA is BEB In BEB, a

count of the nunber of collisions (N) during attenpts to transmit is a
gi ven packéf is mai RRGFHEEYHSM thabis inVideisprad eommercial mseis stendardethgnat hosen

from the interyak., ShérRet2Nohmdtly h438 iSLALL @;&%’?&éﬁgﬁ.ﬁg@ﬁ%&&sg{, LOW ng the

end of the current transm ssion before at mssion. If some
other station @8fAwkghanes ian multiple-agesspiedngiueto ddordinatecascaseanorgt at i on

defers until —t0eveeddhatibdloohtb i oP iedfa BbaIRSMEL n bl R\l er the

standard ethernet protocol |acks robust performance an ficient. For
exanpl e t he BEBthepistis hased onh-persistent Garrior Stase Miltipte diocdssiorish Coltisiease i n

channel acgg@ss pd-ERBMARD ey e e Q&g red |oad 15 (al so
known as the packet starvat)i%g{rgpae 412%1101?%0@%@%% U&i\yﬁg\t‘qﬁccordi ngly,
t he access net iindty Eyponential Bedkoffi(BEBEcess Control ) PCTI US99/ 03070

contendi ng station ransm.ssion: and. (3) if a transmtting
station detects ene?’gy $rom§[a>115 ep @ ﬁaéﬁcgwlﬁ“ﬁé“%‘tch%}fsdhﬁ’? its use of
the channel (i netWorlcttrhinals orstativhe (g, qe)sohdd Coraubdrd i plaRRYoNs its

transm ssi on ar:Id activates,a Col lision Resglution Alogorithm CRA) to

resol ve the accdSEMFIqns obe shanne aressementeddnsa vardabledength packets Onlycount of
t he nunber 26f At stafidh it grAMGHAdCes t6 bM@JKé.Q.@GJﬁ&hitj SpadRdt Bh ﬁierb‘ﬁ%m%’at h Kis
e end 0

chosen fromthe,interval, O to 2N-1, and the station th t He current
transmi ssi on b GREMS: 0dtha preggnes of apacketsnn bp Aeteataddy allthastationsusing Hef or e

slot K the the comer Qhsibdddvide! AMHRL SHdy 3 BRTbERE b phdtScol At includes

the following stages: (1) a station wishing to transmit a packet monitors the
channel to detect the absence of carrier; (2) when the channel is idle each
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3ard ethenmet protocol |acks robust performance and is the BEB approach can
cause an order of magnitude | atency for sone stations under nodest offered
1 oad starvation effect in CSMAICD LANs). .resent invention 1@/9«1%2?
packet-switched nultipleth a Distributed Fair Priority Queuing Q &?2I\/AC
rotocol that provides inproved performance and i nvent, the present
invention provides a fair collision with nmultiple priority |levels of
access. In this ~e algorithmis used instead of the BEB algorithmof 2 0
ef ficiency. womseoenbo resol uti on MAC protoco enbodi ment pcrusbaslo Or
standard ethenet. In particular, the 2 5 is divided into slots, whip of the
| ongest path in the particular, when used for the highest priority |evel
waiting. in the first station ie period followi ng the end of a previous
transm ssi on ar%ntehdiagistatinnivotminehees tangpissioncand (3yif eadmitieg fatibnr ect i ons
shared channel w4t one. nar gi uring.one.slot. Ln contention, the slots
are nunber ed bydgk)erc PS?‘?FVIP‘&?@?‘H% aﬁs'?'lg%ts?a“% ‘?‘F‘ngts uie FWWL%‘@FI\EQ:%S t he

hi ghest pri ari toplisioagietectiony, thidhaRsdation Qb@dEnsARUafBSRANRd Hitivhiaga t he sl ot
assigned to -2 PLS A‘K%Uﬁlt, 20?2 MO 99/ 43130 that priority. Hi gher pri
transmi ssi on befYFEon Kesoluien Alegrithm (CRA)4p eesolyg the ogsrssiopdsring armomgithest st at i on
5 ot her st atgd ongneadibdh§atidngS | ower priority stations. If nultiple static
multiple stations will at collision is detected by to collision can be

det ect e~ ends up beilhfandarethemet.theGRAS BEB. lBER agpunnEthenubbssefl col | i si on
resol ute i nventd,np; i i i i .S .s|lat. exanpl e,

t hree signal sIdoggﬁng@?ﬁd%?gg&cfgnﬁ%og@%@ﬁ%ﬂ%&‘r’ﬁ%ﬁﬁ V\aélgzﬁnﬁ%y(fa% mai ntai ns a
stack count 2 ostatioh)d rgidem muget Kiis ciosquHeonatht intevad oltd 25 omd desekivi i f or each
signal precede |15 ¢St unter,. Accp, PCTI US99103Q70, traffic froma second
station will ha‘%/%écf%r???g ﬁkctégo‘flgg {hé: c‘)’f"g 8%88?1‘5”3 FFEHen before pttenting o g
traffic andlO |transmisgion.tly saifie atharattion ditienoes thhghission et slbyK teaf fic is
Ni || have prior|] over all lower priqgrity traffic waiting in station wll
commence tr ansréu%’é?tgﬁgg%gefﬂéﬁt\fﬁﬁ%dﬁ H‘é?'}!“&srﬁléﬁ}@‘ mdZestars iIGERA ng at t he
same priority |evel Howeed, thbgsandatd dthciis Plossblaneks Fdbubtiperaaidadendfd col |i de.
The msm tting stati.ons _and signaled to all stations. The for exanple) by

the fact that tfRE"EEH 5 gampled s RESgpBitachfan FrusepiPrder obEpgtitige e dat a
packet. Upon deh&edst fichainePacdess PR dr@bmé SRS IARPMBIRE S ferdiiGad

speci ficall a stackcycle in accordance with one enbodi ment of the present
a fair col I}?lgsi o(ﬁﬁs?&‘m‘\ﬁs

itsrpagkststarvationesiectis CSMAVCRAANSH! | owi ng a col | i si on
are used as si gs@MARES. For is can be provided. Upon a collision, each
active station ate for gne of the S signal slots (i.e., randonmy selects a
and transnits a si gd¥FOriRelynibe presentinvention provigieha packetisitclied mudtindér priority
| evel . The pri ofckdsynd I c b | Baid 0F hor i t he

col lision that com‘r%rﬁgglg s%'ﬁéemW@g?&%ﬁfle%ﬁatuf%}gong{%‘?#%nkgnﬁggf%? t he signal
slots, and t he @fegia Agsess&entsl) protpcolghat prayidepimpraved pefartnpuce ahdicr ement s each

station thajy stgfligflyt ﬂ%ngggﬂgg%g%@ggggﬁp&n%g Kigvelk.ingrements i~

stack counter for eaCh si _ er e BUCCEsEPI®°2"8 t r ansni ssi on
Wi t hout col i sifeselution MAG protacel witlamubiplegeiorigrievlsof adcasss fathis count er f or

! LY o e AR bGPk b BB SBA . T o
stack n vote ofstadgmdathesitiot s i n each phase. In this enbodinent, in the
subsequent contenti i p 2 ié)utlair, tLQ {eurz])e E)Qr?odcfgfklwsrhslé t%g ctTd36f a previous transmission
25  is divided into slots, which are sized such that a signal can traverse both directions
of the longest path in the shared channel with some margin during one slot. In
particular, when used for contention, the slots are numbered by priority level with
the highest priority level first. A first station selects the highest priority traffic

waiting in the first station’s transmit queue and contends during the slot assigned to



15 August 2002 WD 99/43130 In this PCTNS99/ 03070 each priority level has a
separate stack counter, and a collision resolution sequ nce at a given
priority level can be interrupted by transm ssions at a hi riQrify

| evel at any tinme. Al so) the signal slots are only present %%&r@b? afte
a collision and do not create overhead after successful 5 transm ssions. In
additi , unlike conventional approaches, slots are either used for priority
ordering, for ensing a collision, or sending a signal, and the different
uses are optwosbktssel ect d to minimze overhead on t he ChanpRRloeafrhr t her,

in one a bodinment, if the channel has been idle for a tine Ionger than the
series of slots as igned to defined priority levels, then all stations are
free 10.to contend. In this case) ansm ssion order is determ ned on a
first-cone, fir titserivedighsipfofty taffic fittn &teabid SatdANIRRSR cbhSeREd Or i ty) .
Simul ations have een petforned exam ning the optimal nunber of signal slots
(e.qg., whether %I‘SWéSS{)Meéfegﬁ%Tl°t§Pﬂfs§°“ g @ dhetigtpigtion’s fefic apdwill si gnal
slots, etc.). Utdforahseablut@siiditpsf Rcess. Wl g lﬁgﬂeti'glllﬁ’r‘ty ¥gmeizes of
packets and slots,, three 15 signal slots was shown t t| mal , al t hough
the system per f BRitBg thebst sjation wilkhave priptty oves aBﬁOW@m’nosﬁygnaﬁﬂc veditingsn  Fur t her ,
in one a bods Megther stdidhd &Qﬁe ﬁ%testa"t’iﬁ Wp&gnrgér{cg{rh{s}{n;sﬁx%é defet gﬁ% oglhng to
bandw dt h cl ass such at hi rate transm ssI ons

preferential prloser pyoritysta SSegrrent a result t he aggr egate capacity of
the segnent is 2 0 baud rat.e. In anot her enbo
ent, stations al terﬂg%déﬂk’%ets\?\aélgﬁy%yggﬁr %é @emﬂ,prwpa’b\gm Ithenghes ccor di ng

to andwi dth cl amlt@mtmmmmmanmnagsmm SRpRGiebysly ﬁddbmﬂ&leﬂmel n any
proportion betwg hgéffg ba}ﬁfr’x te transm ssi ons. a result, the
aggregate capaciiy 1&8° £l ‘%Eaé‘ggsq“gs\‘g&?lﬂﬁ?agﬁ%?% dhed bet ween

stations of1@5 cblfisflﬁ’f tﬁzﬁlbe baadw, £ Bx A By tHelFadt Bt 1h8 ColB B Ptransffibion | NSt €ad of
choosi ng a rando @éup t. at each contention resolution ph e, a determnistic

choi ce can be Fige Phortern lengthdhancp lggitimatsidata packet. d&wéﬁfwﬁ@n ofa sol ution
sequence of ar bbdmxy alll et dhs €ABr D@ nieffidiidsoMMion PRk, Jnﬁ%b%mcglﬁj g&ﬁckm m king
col l'i si ons. Eﬂf ci)l cul ar, the sequence of -4 15 A

det ermini sti c cPrspe enllision fﬁsc’l“@llﬂléﬁl%‘ar@ﬁc%‘il?gﬁ%lMthgl}e emtodidientofithe rirésentl abel is

Si do-band data eyad aat rey iyt SRR RRER AL oo BRI 1y (e

source stat}dn inihich the Sess 8 slgtsédlowmmlbmrm medlamlgnahgoideﬁndul ation

parameters appr u ddi tional use of

the MAC | abel i n%ﬁgﬁ%g}#ﬂﬁuﬁ éé’f‘%g&/r&’@é?l oﬁml:a&}tuhs(‘)ou °ataﬁ8%é’ﬁftﬁ% to

detect col | i si offdls e’és'gldeddhlt@wtqz@yomwfdhnﬁ sighrd elnis (i. d,aaxgbmly @bekasuf f

ciently long ang, kb I, ol | W t h anot her
y g9 BLtwdE6 td $8d4 & mits ta%%nﬁl ik dHeBhds Fxb?lotp ggaﬁ Q;(o

static to detect collisions. I'n ye I SUCCESS Pap del ay
contention for mahgnsastackrouter forgackpriepityilevek MiteqpribrigmetePdf thé ativens. | n one

h h.
Communt cat 2 caaedh b b S e o gt SR el Srer e kot 2

di stributed exemmtvedolhgtort ﬂesnltitlonsphasa.t Alliaotiveastativi mpHifk e @ignd18RQ| Mdng pack on
a per packet pef a gess pri ﬁgellf’n the a myltiple a distributed i ccur
during initiali 2&FiBAesd PSreding hehoses by aetyensstatign, ithecstation ingeementsr  echo
probing. By senii ftgpkaohradie|Actsriingly té&@h M@n%%ﬁﬂédtﬁ@pﬁa@éé’c'a%h?&os' gnal i ng
ng station can %e{%lqigre an arbltrarl y low probability of ~, even though the

initializing st fvel ogrements gs %‘qqowerafmhmanqlmm Aftegaaiccdssfubppended
to the end o augisiissiohwithoticOMabS, cadt actiestilichld S to of
slots. For exanple, the HO?D(GJ: si gnal a‘:lls suse?? pr ’% roungkfta?qn%)'=E gtenm es
bet ween a centr tm%léveéthtthlémm@,ﬁbe$tﬁw@nmdolnthgnmesia3h&rms€m¢ swi t ched
nul tipl e- accessjeyhjatSes GOMUHR st ti onnected to
nnel, and a sec‘cf):rl‘ﬂ sat%g(%l on copléli@%{)tggf%gﬁ?ﬂg Sé‘h%ﬂpgaﬁas?f"nls“ttﬁée F bt ati on
and the second xftamm@moldmoinomrsm tieaubseqieatedntehiich shatf & the EdMisisd ace
transmtting pack tts to t(g)? f( e channel; and fair priority queui ng MAC
(Medi a Access COM Vbqn)pr?)tf’ b‘cf‘c')‘l‘“"a the second station, the distributed
fair priority queuing ;t collisions between the first station and the
second station ~rity basi s; interface includes:
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ss controller, the nultiple access controller executing the priority

queui ng MAC protocol; -5 15 August 2002 a carrier and controller, tr of
transm ssi a packet data; signal detect that comrunicates V\Léﬂué&&i&dbtl pl e
access Garner and signal detect detecting the presence or absente i ns on

t he channel; the denodul ator converting received transm ssions into a

nodul at or, a nodul ator converting packet data into signals for transm ssion
wherein the transm ssion of the station is controlled by the nmultiple acc
ss control | evoemd3rey carrier sense; and a collision de thepeglidshmioan (a
collision); wherein a HOLDOF queui ng MAC protocol for a interval can be
used for acce priority queuing MAC proto~ In another aspect, the carrier
wave signal transmtter conprising: a collision sil sent by a first station
connecte connect ed Irothisiembnditeasy éach prititpleveldas b sdpafteGtadk th@tegRhdpri ority to

provi de m- transpLssi ortunities cor, AcCcess ntrol) protocol exec the
packet colli si %ﬁm(%%ﬁzrae%%&élﬁ(prgs.eqwger%Fﬁ“ieﬂgnﬁ‘étﬁ?v@rcag/gc Wiegated Bei ng used to

suspend t| t hattragomissioris aed kighetpfidtity kvelad by @he AGE WSsignA\dtOhek Gh1y Ct
detecting the pr e?]gmceag%‘“lg gl mul il,aneous transm ssion signal is Used to

suspend the di SEPFBATRETEY A SHistop and deretcrmisonerheadmiipraveessidl such t hat
the predet eBm m@dsnibsiGhsbih @Ad#ibh, 1R &nb@Mohd) 3pprban&lOlios X8 GHhd g4t he

di stributed fai rdopf gsent jnvention provides conputer data signal's in a over
a packet - swi t cHe _f&?ﬂmqrﬁﬂégéewgsnm@qmﬁm opdendingresigwll,land thediffirgnal

 ndi cating a_ cobdsisRl spinlly 1R KOhidiflick B AGHURES iy @ packet “sent by a
second station ntention $¥ots, the CONtentlon sl ots-\whi ch each have a
Itiple levels of prFwtheryn erfe exbodisent, feheuhanrmbhhsbedn idieforartinetonges! | ed by a

St uted | fenhd @ikl AUSHRR Vbl BN el Rl 27

i ncl udes alPIO BOkmtend ghethis casharanthisibirodesit étbiRd chaiffrstRbing irly queui ng
MAC protocol f -5a .. 15 t 2002 predetermned tinme interval s
access by-a thi(géré&s aﬁ’tsl(loeﬁ“f’ﬁéﬁg}uﬁaﬁla@gﬁﬂem%h that the predetermned tinme
interval can be useSinfubitioss la0é bex Peifbriied ckdd@inily HeloplibiGfimbal drsRRAIOT i ty
queui ng MAC In et .ang r aspect th resent 1 nvention provides a nethod
for a packet SWiS%()CSHE'a" W&}T’ e %ggé‘(‘f& é‘§§ﬁ ﬁ’gtsoﬂ‘Re,e siendl siats, Frogsismpbpletssita)y:

transm tting adiodérsm seoofassubpti®d réArTRbYehavd Sibs GPFHRAY ardMfhed BE&I Vi Ng packet's
fromthe ct[{?nnel ecutiﬂgﬂg istributed fair priority queti ng MAC (Media

;e
Access Conttol flgﬁ?léigffc%‘?s,s to be eptimy); althqughethe sysiemmerfogmed wearlyrag WollC
protocol resol with@wpacked sigfl g ons on the channel on per packet per
access priority basis such that stations connected to the channel wll ave
a fair and prioritiButhepypecmypdipentystaticns sreiassigned diiorgy feaclk e¢cardirget ect i ng
t he presence ok BHAaRIAGE:] B , el.. . d dul ati ng
recei ved transm ssions i%tﬁg&cgggﬁIei?tgﬁgigtggkfra%&f&pggli%';%a@e&p%ggﬁ{m nto
signal s for trBHWHY $athe seement Asta rawltathe pearegatemgpaxity of the sdgmentfis cont ent i on
sl ots, the2g0nbpithizedkowaab fhe RhPGhatd e f OF Packet transmi ssion conte tion
opportunities that are ordered according to access priority; and
transmtting a HOL rRngthepesibodimment, HaiddERRersatg bavedngiriogtylsett with suspend t he

di stributed faj . Or | . i . rotpcol ,for a predeternined tine
interval such og?mtl gl:%}{dé%tﬁé?n n‘?’ﬁg@%hgs “°$ﬁ1ﬂ thia%gé?gagéaﬁ?ﬁ%lsﬂb‘?&éccess by
a station that if anympoiposion beteerpdiffinenttiand fatdxeinedliséions. Avfairuitithe QU Ui Ng MAC
protocol. In sg@}% a%ncot hei{z)‘ aSﬁect swj t ched trr_ul tipl e-access netN
transnmitting pa SRALC CRpAcItY. IS op glzg?l' gm]zé:ﬁ?ss is fairly apportioned between stations of

25  different bandwidth class;

In another embodiment, instead of choosing a random slot at each
contention resolution phase, a deterministic choice can be made, and furthermore, a
deterministic contention resolution sequence of arbitrary depth can be forced by

short transmissions mimicking collisions. In particular, the sequence of



the present invention provides a nethod for a packetork, the net hod

conprising: a shared conmuni cati on channel and receiving packets - 15
~August 2002 executing a 'stributed fair priority queuing éMEdI ?@ cess
Control) protocol, the distrib ted fair priority queuing MAC BHOYS

resol vi ng packet collisions on the channel on per packet per access
priority basis such that stations connected to the channel will ave a fair
and prioritiﬁgd 0 o, transm t pendin ets; etectlng tr

denodul at e; fﬂpﬁf%é’%g’lé% é%”ﬁtzﬁ‘é in.a pesoJotion frefe g’f‘gﬁg“gﬁf:?&@? ddaeni ssion

contf prioritgg, HAesMIAGRMingRBGERBFA chfirely AhEThe MAO fayel) Ih fs channel ;
recei ved transm ssions into packet data; data into gjl(v?nal s for

transm ssi on;euhediment, @e&beh‘éﬁﬁeéﬁ? idsntify thsrsqurcm gationip aWdtica® sl ot s bei ng u~d
opportunitie t he pluralltyf
OPPOT U €Syl B e (hARANE )y by 366R08 AR Bl

di fferent bammﬂmappropdatﬁ feethe miultivast soate. d‘hrthwmddmoﬁllheerofabqoect s and ac
fromthefoll etail.ed ~f,~t E a block dit

at t ached stat ﬁ“%@&%émlﬁ'& Fﬁ"[")%g %“vaﬂﬁoigabalétgé?éﬁ?fie with one enmboc
FIG 3 is a fwmstdn@(b A 0dIOaNCER i dufing Retisipdidn oflchinneld tHabpreseht M ng d
collisions on a shared chan one enbodi nent of the, pre of the present.

i nvention wi | TrOBEEALS)- 498 ascessite thsghapasldancchy Progingr Biissning &s of a |

shar ed- medi Undub SRS fhl al@iniGUicHabM hdingthé MAD SonenBoR! taBI o present

i nvention. di agram of the network interface of FIG_1 in rent t he
present i nverflesaived ghoxgreadidalizingstation smneuae%ebsraetydf'wmqbebﬂlwof FIG 2in
vent of the pEmast Bikd Ritron HvET B RV, gg% Etaﬁ ASRSb sl ots,
and 1 of the shar edmurr{e}él um of Fi G1lin acéc]gl?t ance Wlé I nvent ?gﬁ -5¢c 15
August 2002 VD@@PWQH@@IHPCTI U599/ 03070 FIG 5 is a diagr of a tree that

represents a sequ ac
ntention cycle i nqgggtg?& ance 8%%%?%@ngn§ﬁw%&eﬁﬁe prtlge!’suel%tgg? nventi on.
FIG 6 is.a psuwtessfobgankettranschission; which signabradhthe disteibutedMAL entiticotad 5

conparing the [ '
Medi a Access i‘%ﬁ%@@ﬁ?ﬁ“ l%%é%o'ir% lr%%?acco %8§%®?§§5i&?ﬂug ment of t he
present i nvenfqrowonxdoﬁatmgamudlal foandvaip latehdies bétwesn a ceritnal cotﬁcdstagnam showi ng
packet transnle Olte fqﬂ, ?ah?ﬁss f the shared-mediumof FIG 1 in accordance
wi t h anot her e € pres t invention. i o DETAILED DESCRIP ON O
THE PREFERRED EI\/BCDI MENTS I n one enbodi mnt, the present invention provides
a _pac_ket - sWi t ched Imdetasgeciptha peeasinveationgirhvidey 8 peketwivitdthedmbitipkracdosst ed Fai r
sl S T el A SR b it 0

- mul tiple pri ¢hdshgred @mwcetfonab@e@eand FWOIEB%R%?PBP@“&’ theshaisd k t hat ffer s

guar ant ees Ofcofhahibdibn Sfanne Whbef ﬂ(efenfe)stata &@&fe@écﬂn&sﬁaﬁfyﬁ bdeh 8drfRigdTs such t hat
ntrol | ed streams access the network a nge er priaqri tg/aaf(han uncontroll ed

traffic ould signifi car?t‘te§>"°5%‘m§‘ffi‘°€’q“?‘t?m‘tﬂft ety N&epr esent
i nvention. Flcﬁmmalahéﬁreaenbhg)ﬁakkeltsaﬂﬁﬂﬂéﬂfamﬁl ahdar ed medi um broadcast net wor k

101 th 2 ttached st 102, 1 rd th
one \emnbodl m:?nf1 o?ct ﬁe ; q#ﬁrf”% Pfy@ﬁé““tg%ﬁgwle%?ﬁ?f?ss o g‘?f tg‘?o gl WIITEdI um
of shar ed- medixeruted Byl the ﬁrsemtioeand HyIhe saconé stammkthodistobuteddait mbﬂttmusmwr pair

Wi ring SegrTemc%%?&ol%?sofvgl%\%lg%léﬁ&oﬁglgmb%&%eﬁ @Je ) 8% énrcllg;lt?e)se@o[? ?&. rk of

povver Wring suc resi dence, connect ed
coaxi al cabl eongwghnagietpes aeepss fgorityasis; i n

wherein the network interface includes:

a multiple access controller, the multiple access controller executing the

distributed fair priority queuing MAC protocol;



25 prem ses CATV (cable t evision) wiring; (a) a wireless nedium
represented by infrared, RF (Radio Freq ency) or mcrowave broadcast; or
(5) any conbination of the above. Station 102 inclu es a n face
103 that attaches the host |ogic of station 102 to shared- ﬁ?’ﬂ%#@ﬁﬁ
particular, network interface 103 transnats -6 15 August 2002 WO

991 43130 PCTNS99I 03070 and recei ves packets of reformation. In this

enbodi nment, all statio j 3191%1111? 4 ) 'nclude a
network interface suchngﬁhreatﬁ(\}\%)lgl@%étc@??ace %QS tliﬁ)lgcmce fséa(lc:cg%?rol for s
aced- medi um 101 i s accéatollerhtbeicartier endgignal deppdeteqing the pigseneaprplgercePr j or i t
Queui ng) MAC (Medi a AcGegmsiRidds oh the Rkaahsrcol 5 operating in each netwo
interface in each station. Thus, there is no central controller, i The
signals on s ed-nedium 101 may be baseband (using spectrum extendi ng up
from DC) r passband (Uusidegodulatdd8Ed debdulAdt@onvefing RESFEd a@hidsioiidC) . The
signals may a a range of ul ati on and coding techniques to 1 o

comuni cate data. wt ‘dg Bket such as ( 1) pulse anplitude nodul ation;
(2) quadrature anpli tude m dul ation and carrierless anplitude phase

nodul ation; (3) nufti e nodul ati on.
In particular, the |gnalrr§°%ﬁlglgﬂme Odaabrcg’c'i epkgg%gg‘g% m(?o% aIEl§(frechn| ques can
be assigned to | ogical tenwlission whareg thectrangyhissinnefthe met@hnumoumlhgbmbtl pl exi ng
15 techni ques such as (nquh)plebdcgegsa&gmlgltﬁs“g%hﬂgSgt{sgth@nm es down to DC, (2)
frequency division nultiplexed, wh rein éach channel uses a distinct
passband of frequencies on the physical nmedium (3) code division

mul ti pl exed, wherein eacebmszb.aam! thdt%onnnﬁﬁ&ﬁ@bvﬁﬁ @6 mitibld asceSQbntler)

eudo- random code sequences: ? qg&fmj' Vi Si on m,ll ti"ﬁl exed, wherein eac
channel occupies a speé‘i‘ef@gls‘t’? ee ‘?Ffeé't‘ e presenge pEass ﬁ’“‘zt’%'s‘ﬁsw frane.
For exanpl if enployi ngagdigsshnnd nodul ati on, there may be a series of

| ogi cal channels Freq ncy Division Miultiplexed (FDM onto shared-nmedi um
101. In this exanple, ea |logical channel nmay have a unique instance of a
nmul tiple access control a tity, which is discussed below with respect to

FIG 2. The | ogical &H@WDG%W fsBPro SRPGIdithe ishitRRA losk rising the
distributed fair 2 3 priority queU|ls 1 I\/lg\C‘ti)Ss ocol ‘n‘é beﬂgfalgir}ed with the

channel used %W%?B’é’é?@af?‘épﬁ?de‘ﬁ%%éWPéW@tha e prefeterpiped g | vel y t he
MAC speci fi C igérgdl darSbe@edd fOGGeeRYbya tIRIGKIaT Batlinpt EptutiH BB Bitribaed flirnat ed with
data transm ssioQns in M {o(ﬁl cal channels. In a preferred nbodinent, a
si ngl e chann@fORY LHRg B8P&ture Anplitude Modul ation ( AM technique is
used. 15 August 2002 WD 99143130 PCT/ US991 03070 FIG 2 is a funct' nal

di agram of net wor I«Inhnvﬂsrdsa@ethe@&sénnmmmpfmmca&ﬁu&rmslgﬁheﬂi nment of the
resent inven gﬁﬂt@i{ 101 i s made vi
a HYBRI D 209t°3‘ﬁ|9”c“r34"§%‘§‘g‘? ates t %vefée%agg%g@lgb?l%&na‘lﬂé ?%qfégsgg e?odul ator 203)
froma transr’f‘P‘PP%SF’Qnal (froma nodul ator 205). A denodul ator 5 203 incl udes

a signal ¢ 'n that [ nC'albdﬂiﬁoﬂ@gIﬂl €@ Q8 11iRbn sighilifdi@ing d doliffon of £3RFR! €T
feed-forward %gg gﬁét ., ecl Si og edbac ual | zer, denodul ator, timng
recovery for Statign poRdefied o the ngfworl éﬁ%’i‘ﬁﬂ%l‘?@%ﬁ?ﬁ%‘ﬁ‘%@&ﬁ’ence

esti mat or, ercomectetbo deaptworkinghdf ram ng to ic. Dermdul ator 203 converts the
contlnuous time signals, fr 09 Jdnto i,ch is stored in
an RX queue 207 for usé ]basw%}oc'f'nemﬁnﬁ?ts fesers °1‘ &?c%‘%e\é\%‘[liaﬁerﬁ 102. A
carrier & si giffetentigiogitytto Q!@Qld@muﬂpplb esels dfpripdtyef ackey bbingiised foe canndrved si gnal
and conpar es S dof Y% iR Ayﬁ i ndi cation
of a presence or ssoseﬁdge o C$ n %mg'f‘%gh’%t%ﬂa? O&Hgal?erg}n %@@%dhal det ect
202 is connedesss EentgD mwmc@u@ééssﬂleﬁmwmwbzmsecp_gd station thuestver 205

general | y perteqpati@t doBioh BY £pet Backstpetdes Rlorig®aRgdul ator 203. In particul ar,
nod ator 205 converts, pScket data froma TX ﬂ ueue 208 into a continuous
in

time signal at canf 4736 sighpd prglydase &t %@f‘.gn@}dh?]ﬂ@weﬁ t he

modul at or 20%5ighal deisgnissd PRuspendiiRcistdibytet i priohiy aGERIFAC phtdcsllthr 206. The
transmtted output of nmo ulator 20S is conpared with the received signal in
a 2 o collision detect 204. An detected difference indicates that some
other station is transmtting on shared-~ operation involves com standard
FIR filter calil transm ssions. The pov 2 5 threshold | evel and gen
mul ti pl e access control: Miltiple access regarding the priority s' for the
packet ready to 101. In a preferred enb8@inent, the detection :ation of an
echo replica of the transmtted signal using a ;ed with coefficients
measured during non-colliding | evel of the detected difference signal is
conpared to a tes a collision detect signal which is connected to 206.
~ntroller 206 also receives input fromTX queue 208 i as priority signals
201 and de5|red (h#() Iabel (|f any) transnltted Mul ti pl e access

. I NN S I 1 . oy NN NLSY VAN NS O ANA NN -



10 15 20 25 30 the detected priority and packet data from denod Sinul ati ons
hav slots (e.g., whether to us Under a set of assunpti signal slots was
shown t with two or four signal sl FIG 3 is a functi~ acc 1 one
em CONTROL LOG C 301 202 as well as a collision |evel andaﬁgpggﬁﬂ@gel (i
transmtted are input to Wien the carrier activates a SLOT TI MEI

particular, one function i signals and to maintain a The foll ow ng pseudo-a
CONTROL LOd C 301 i.nvention: After successful STACKjpriori ELSE collision '
| F STACK[ pri Hreetepnipgditimeintercyl sheh that e predeterpined-timepferyak i be yoedfor 7S99/ 03070

| abel of receicwecbys HiRBtSioh hat¥adl dRRing ®hé datrBagd Phriphorith Guef MIAR203. been

per f or med exar}‘itni g the optimal nunber of signal two signal slots, three
si gnal sl ot s, PR signal slots, etc.}. regarding relative sizes of packets

and slots, three be optinmal, although the system performed nearly as well

nal diagram of mulgi pl es ontraol.ler.206 i.n ~di t of the present
i nvention. In par t%gﬁlag?ﬁeg%ﬁﬁﬁt@eqrgeﬁé VG g’ngm(‘flg?srai”é‘i’h%gg?f§é’a§ﬁetgnal from
carrier & si gpwitthed etvbipte-adesseetwak, gheaketfod oompeising:i si on det ect 204. Al so, the
priority any) of the pagket.n. T 8 b AL S L e ROL LOG C 301.
sense signal becones inacti {:/dg,gpmﬁf@ C Ulahf"?gkf%epwg%v}néenti fies
slots as contrefheisdiom tegchgimghal s. In f CONTROL LOG C 301 is to nonitor for
col | si ons and count er GIAGK: AR far GRHBBbuTHARK (HER: AQdss de

y

illustrates an i n'g)l ementation of this functignality of ~n accordance with
‘one enbodi merit"Ee! P’H@c‘g’r itrbuted B35 gy wweting MAS pretoralepsplying gagkety] - | ty] =0,
THEN sel ect SOllisiGds onalie cB@hnelsohagheiachetper acdest prictifFbdsiShRCHattions t y] += SO S2,
+
BPT

THEN STACK(priority) .+=.50 + . ~iQrity]l .-= S +.s82 -1 i1y)+=SO+S|
+S2-1 ral, THEN® epcrh?nél?livf@]l]avg a%ﬁf@é]%ﬂt 1 transgut pendiig’ &gy st
2002 WO 991 43p@@tsCONTROL LO~ when STACK counter station has encountered 5
counter 303 has been in to other contending stat decrease their STACK top
of the stack (counte In one enbodin 10 15 PCTNS99/03070 ~IC 301 will only
enabl e transm ssi on ( e.dgtectingithptnresence ex abgenye of Gangmissins opdhrerchamnelpriority | evel
is equal to zero. If the given ~ collision on previous attenpts, it may be
t hat STACK ~reased abO\S/‘g zgro_ t hereby nmaking the given station defer ins.
At the end of a successPHPIYating tegqived;tgpsmisyipas into ppg 303 by one, which

wi | | nmake t hose st ati onsodalatiigyackeadateini® Bizhald foytramsrhiksich;

J

detecting a collision;

providing a plurality of contention slots, the contention slots being used
for packet transmission contention opportunities that are ordered according to access

priority; and

transmitting a HOLDOFF signal, the HOLDOFF signal being used to suspend the
distributed fair priority quening MAC protocol for a predetermined time interval such that
the predetermined time interval can be used for access by a station that is not executing

the distributed fair priority queuing MAC protocol.

In still another aspect, the present invention provides a method for a packet-
switched multiple-access network, the method comprising:

transmitting packets to a shared communication channel and receiving packets
from the channel;
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when a station encounters a collision, the station randomy selects a valu
slots: SO, S1, and S2) signal inforns all the co choosing that slot. Then
particular, those stations stations selecting higher this OIHZlRﬁ ustf2002
station is STACK counter 303 inc: stations now entering the si gnal sl ot
will be active in the range 0...2 (i.e., assumng that there are three
signal d asserts a signal in the corresponding signal slot. This itendinQ
stations that there are one or nore active stations signals allow the
stations to resol ve the¢xecubingledistrignted fair pripmisy quening MACqMedie dcstsmber ed sl ot s

wi || contend s} keeps track of tot
active (i.e., &fh@%’ﬁm%ﬁt?ﬁ%mﬁb%édffgu 'F?‘b%@ﬁ%é lﬁ?‘ﬁ °?°°3[3§sé)lvl"tg§’p§?%tck |l evel to
accorrm)date pfoliFiont, & e channel gn lal@RketmﬂtPcyce&SheorS!mslsequﬂmmhs ng in the

| ovest nunber @indetee toWBeEhanRLWE havd alaif 04 B iz W@Qénstryl }@n he hi ghest
stack. | evel for ny station, at each priority leve to set -
t he stack Iev’?aal‘3 %r stations beconi ng active with new packet data d
fairness of access, ens statl ons already contend'" 2 5 is used, which
inhibits n stations hav(etec hed tra%&was found, to produce nor In a
preferred em hardware cfesc SRS Srifsescs Fﬁ‘tﬁt”ém(”e“%thecémﬁler cially a
cycle of collision resolution. This inproves the that |ate arriving
stations .do not gain prgfe ver..ln an. alternative enbodi nent, a
"closed" ‘entry policy p%%:n ﬁ‘fmlﬁglaen%‘r'ﬁdsusa’lwo s‘ﬁﬂi‘f“f’pa‘%tﬂdf‘ﬁe currently
contending nission: In sinulations, this alternative enbodi ment opti nal

| at ency distributions. JédiRiat EoRnGode L s mapped into a ige
such as Verilog or VHDL, and gapl?%%ﬁ%t xglg‘%hem S ~a|(1abl e aut omat ed
synthesis tools from Synopsys) are -10 15 August 2002 W O 99143130 used
to conpile the co InteglerttgaChllisio; knd A | evel progranming |ar

m crocontroller that is 5 code can be translated hardware finite-state n
FIG 4 is atimcollisions on a shared enbodi nent of the prE 1 o PACKET
401. | mre which di vi degamvﬁdmmmmfcwmnhﬁgagsnecpmbmrohwtsﬁaﬁgwrrpl e, inF

Priority lev 0 only one such
station is Eq{lg d%é%@%ng@&)c ?‘Etagé@;] %Afghﬁlona?r i raﬁ%ctr‘%]?%t °RHEY an ASIC
(Application PSB’é‘&fl c vely, the pseudo- code can be translated into a high
such as "C' and execut ed on a standard enbedded of network interface 103.
Alternatively, the e and executed on custom mi crocontroller
or ram showi ng pac Itmt eaﬂ‘g?rlfn%\@{°8ﬁ§“t‘°‘éfglﬁtf§mﬁ&ﬁﬁ‘"ﬁ‘fdfgmﬁg@@ﬂﬁ@dl um 101 in
accor dance wittahsnussions at diffatenidraud vhtesorekifeesmt mbdulatlign®hasi on i s shown as y
followi ng the end of packet 401, a timer is started into a series of slots.

The slots are ordered by priority - [u)‘ pl’lﬁﬁlty | evel s are
shown, nunbered 7Otheaspedteand advanthges of qRS?SFW‘ﬁ@‘?‘h@‘ PBAENRET 401.

with traffic qeady sl d&&h%&’de@crﬂa%ﬁ%ac&&n%&ﬁﬁhg&a%s” ve, a successful
packet transmssion Is However, if nore an one station

cont ends, thdRIEF{) IPTION OF THEDRRAWINGS ol | i si on detect 204 in ea
transmtting stat ) broddeadt RvERMRL €S the
received si 205, gﬁ(gl gg\rofl sron ?’?Wﬁ%ﬁ%ﬁ?ttl ng stati ons‘;ﬁ In the hybrid
by subtracti mmakmmmmmmmmmwemwmmmgpmmywmsqonow ng th

bet ween col | i di ng fied Tefgenge of signal
slots, ¢ 7 stati oﬁ‘ﬁﬂ' &@8&%‘3& Q%w {W%ﬁgg%gfﬁ%m SsSl gln%l n slot ~ from
the transm tt@dorﬂi@@@imﬁﬁmmﬂndﬂyoﬂmdp&mMV@domy the presence of received

energy fromother ther enbodi t he col |Li.5i on det nts echo
replica of the trdkdm isadipctp ‘ﬁﬂtgl“ﬂl{‘j acgesdgfm élef(%g:@u? d by
reference n””&%&han%@@nth%ﬁééﬂﬂ%dﬁﬁbnt@ftﬁ@ﬁﬂe@eﬁtﬁfrexﬁbﬂnm slots are used to

signal to resolve the collision. These slots are shown as SO, S 1
FIG. 4 is a timing diagram showing packet transmissions, slots, an

collisions on a shared channel of the shared-medium of FIG. 1 in accordance with

one embodiment of the present invention.
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eral 404), and S2. Imediately following the tention slots restart at
priority 7. Assuming no priority then a subset of the stations contending
inslot 402 i. If the nunber of contending stations has beeﬁAﬂléustﬂ(ﬁ)
August 2002 WD 99143130 reduced to one, a collision occurs as protocol is
re-invoked. PCTIUS99103070 packet is sent (e.g., PACKET 407), otherw se
anot her 'by reference nuneral 403, and the collision resolution Further,
the abo a described (access) priority mechanismcan be used to 5 segregate
traffic on awgissmsiem segment (e.g., shared channel) that y3es @/ag rate
nodul ation rates, which is particularly advantageous in a scafsea e network
systemto allow m xed transm s interface nmay use transn whereas a high
performa 1 o Mhaud/sec. In this exar baud rate nmay occupy to offered at the
hi gher bai the segndfiG. 5 i adittpriniefn we@Nhd)epRSE ONRGudBE SEBSices T sighgher  baud
rate transm resm,ttSS ltc?%fuﬂgé egat e .caf [ate. | n anot her enbodi a statistical
di stribution capacity B FulsneR cyslegn gererdangeyvithane gabedimensiof the anot her
enbo successf ul peseatiaméngish.on a tinme identified by refer distributed
multiple acce 2 5 SlﬂﬂﬁEs%.' before starti ng the made available to a renxk of a
wi de- area requi r emerftiSt hi@ Nt ef paxigum and minjman: Infendye@us offireddvdd er ent  baud
rates. For exangingarifg the 3 f Ugd sec ugd per
second), ~e interfacgg m%ﬁf@%@?gggﬁﬁﬁggg aje{tp Nggtlygéug‘"(%@%%iﬂe‘gﬁere is
the possi bi | i t yA¢qeas Cantraf @4C)airpteead éh aecortiree ithene érbodtnedis of e PreteniTe

transmtting onuthe raffic e nd therefqore, the aggregate
bandwi dt h capaclinty 8? .|y%%%§%tfée .et‘Accgi;(g?]ﬁ%?gT"ﬁg la@r?e’é}mmlm stations
ri o][i ty I_evlel s mtpissibmganﬂﬁlotswﬁmbisﬂérémitﬁﬁﬁ of B 1]Eiha$1cofiﬁﬂ§¢ RAiSnghyen .
preferential priori o.the.segment. As a ;ity of the segment Is optinze
t owar ds the hi g%ngeg(’d aeﬁ%‘)feth??re%ef‘gif‘?’%‘hg"'choose bet ween (access) priority

| evel s wit hQ si DREAIIED DBSCRIPZEON I0F THE PREPERIID BMEGSIEIGE€Jat € pat .

transmissions at a lower handw dth class are not to the channel. a |i OLDOFF
signal isinserted AP oP" Bt thepresent igugntionprovidesiapacketsswitched or to t he
contention sl otmulifleGccesiietwdtk BHAE Fith 4 DxuPutdal i I#IJ i i(ﬁ?%ﬂ i nf orns
the controller Mtiti es to Insert a bl oélk_ gf@hgﬁ%{l? é"ﬁ'&g )unt down of
contention sl ot¥" ediaAceessGopteel) protoral that providesimpoved performahceaad ed at a
central office @ proRdRieEoLNsh LRARL Wh?xﬁﬁﬁ[}fé&tﬁ% LSebQD it hout
super posi n%é_t he to station_ be abrl e tonpartl cl pa er{t%ﬁ?ﬁgltia ?’ﬁs%r#glron

protocol fAC prtyels) 3 netwerk thagpbfers guarantges of Qualityf Servicei(b®) tacamis - 12 15

August 2002 VO t@3idstkas such that controlled streams access the network at a higher priority

than uncontrolled traffic would significantly benefit from this embodiment of the

present invention. _
_ FIG. 1 is a block diagram of a shared-medium broadcast network 101 with
20  attached stations (102, 104, 105, and 106) in accordance with one embodiment of
the present invention. In particular, the physical medium of shared-medium 101 is
either: (1) a network of connected twisted-pair wiring segments such as found in
premises telephone wiring; (2) a network of power wiring such as found within a
residence; (3) a network of connected coaxial cable segments such as found in
25  premises CATV (cable télevision) wiring; (4) a wireless medium represented by
infrared, RF (Radio Frequency) or microwave broadcast; or (5) any combination of
the above.
Station 102 includes a network interface 103 that attaches the host logic of
station 102 to shared-medium 101. In particular, network interface 103 transmits



controller 206 to PCf/US99/ 03070 contention cycles to an overall frane
interval by detecting the proximty t a frame boundary and commencing a
transm ssion which is artificially termnated to coincide w5tkuqmﬁgbigi n
of the next frame. Assertion of the HOLD FF signal at the end

special transm ssion can then 5 allow the renote station to commence
transm ssions at a known tine. For exanple, this network synchroni zed data.
FIG 5'is a signal slots selected duri 10 of the present invention. chosen

during a cony@eminszift the start of the cycle, chooses one&{i,r %B@ &he next
node of tree 500 15 the next two selected to a | abel of ?’ I n one

enbodi r expected depth of the t minimum In this enb 2 0 choices sel ected
and However, if a st contention tree, then w packet, the station has E the

recei vi ng st at | o (r&ckivefackét e ifonchtish. OMahis BRbbdimbnt 1t sﬂ?i%m! (‘?Eeéta fons v
mul ti cast and 'f(%; (?5 I“Hf)een assigned a_unique . select Jermdul ation
a

cl ock is useful flada 4 Qﬁ%orkefﬁer&ewchgs wfwerk finteréacs 00B. t hat

represents a semee:aee@s&i‘mrsmm@&dm ARG EN (Pt#u% rdance with
one enbodi nent particular, the seq ueence o? 0|I;clle5fsi¥o #IS%Q&QI ots cycle

can be thought S%@%Faad’moew&wmgmp (h@ﬁ&lAccesmﬁloaIsolﬁprﬂmdﬂ 501 at the
top of tree H0Qqpeiitis ﬁltéa 1 S2. The choice

| eading to rns elljedllgéit of the Fﬂb% %Qegiiggél? S}Sg sﬁ?}\ﬁﬁqw 5, ~s are S
1 leading to a doatellerof O 1 x (504) and S 1 | eadi ng t, these choi ces are
sel ected randomy t rethat th ve,toasingle station
is optimally ment, ﬁ'ﬁggg}f ?%M‘B‘@?"Wg@g &’81"1‘58 ‘EW SPeAB M no usef ul

i nformation. nedxmdmgnp framdmmﬁ Phssihd Qmmg&tsp&aﬁlhaﬁg%\e@ﬁte@(ﬁ a\int}ﬂﬁr&ﬁ'e station

finally resolv cessf ul and trapsnuts its conveyed information in the
formof a (mcﬁ?ftig’ﬁsigﬂalﬁmﬁg%ﬁcéﬁ@ﬁmﬁﬂﬂmﬁﬂ d cading techpigpesits used to

provi de r ways: conmhyucﬁidldhla@aﬁammcl&tél{chﬁﬁ?)gaﬂsé éilﬁﬁift&dceﬁotdﬂﬁn ce of a PHY
| ayer. In particular eahrmltlcastlngs ion has ge e receiving

stations use t &AW amplifde mednlatipniagd carrierlessanplitestembass omditkatiort; B)t he
i dentified souns@ti-tonkInodulafién; /69991 Q{Q'%r?‘% ﬂ{ﬁ 189, 2) The label is a

al evel ; 3) The | abel | S a acanno i; det I'si f5initialization
signals to aMAC | ab & pasticulascthesigna c‘éﬁﬁligltmsgn@d@etxcha,ndwdmgleaﬁﬁqueg@nechoes)

to gain a csuf fyeGigitel bove i.ni. 'collision
With another st ~to de¥°el('(:) o C%Pﬂesllyg}\%&lggﬁ%%wa du"b'éﬁ'ﬂ%rg plexing s or
sub- | ayer s 1§f dgcbpiqaps sgch as (b) l}?ﬁﬂbandouldmmrﬁqqgenchedm@(a@mequm@nt ion with

sof ten statio i d2. ot ions.is
recor ded ETHERN?I;wyl\/%Aé(&EHA%l& étgvlil g?%%%gtc?%%te@\g? % malsﬁ’ﬁ%‘ﬁ%%‘l“emles

i ncreasi ngnedi mthﬁﬂlyyedmndwmmcmgmrmvmmwxe@m@mma@femt er than
Oatruct ur e of (rocia SRARE A i B fods o ehaaF SR i T b pr ot 1

Ostructure of t e present sub- prlorlty
within a given npjﬂtlldexetiywlnaneuﬂ each ehmélmuupre@ba;kaciﬁcttyneqme@ﬂl ih b $épeRinOT

stations that %ﬁe g P%?gx%rsn%let i emgla {;Sg parggbang mo:cliulatlont, %e;errx?ar;rsbr?atsenes

of logical channels Frequency Division Muttiplexed (FDM) onto shared-medium
101. In this example, each logical channel may have a unique instance of a
multiple access control entity, which is discussed below with respect to FIG. 2.
The logical channel used for the specific signals comprising the distributed fair

25  priority quening MAC pfotocol may be shared with the channel used for payload
data of packet transmissions, or alternatively the MAC specific signals can occupy
a separate logical channel coordinated with data transmissions in other logical
channels. In a preferred embodiment, a single channel passband Quadrature
Amplitude Modulation (QAM) technique is used. | |



ibrate their collision detect blocks 204. In particular, the is to used to
allow stations without the ability to detect ~ occur during initialization
on channel s that present ;ss to the channel for echo probi ngs ARustStakNg 2
~e | abel using the MAC contention resolution signaling izing station can
ensure an arbitrarily |Iow probability of ion, even though the initializing
station lacks the ability i to identify certain packets for special
treatment by protocol stack other than the PHY | ayer. nmaxi num and m ni mum .
| at ency ver sweogdsigr ed | oad protocol in accordance w th opgrgsdsfsi-gent of
the ,dard ethernet. In particulax, FIG 6 shows a sinulation nly
distributed traffic load in which the offered | oad was m ni mrum and nmaxi num
of average |latency across all each run. As the offered | oad approaches
100% NCY shows t he FUGSZisk fiaedess disgaii of hitoorkkineMiteass ihhecdimesvasd above.
-I'n particular, soneb%§atio?s see pl.a 601) while other stations "capture”

y ( )
the sharedi | atBREPOPEBEN of the PEeSERtIIEptionpdppsrigugrstrchmsatia sased-at ency (602)

and is stable auefiukM0ELs ki oA TRRLY 209 BHHQWe atpﬁﬁgﬁaei\tés@g}ég%&ﬁﬁons and
slots of ~ordance with another enbodi nent of the present he addition of a

det ermi ni stic |%AeAuiniRE?Q3) from thetransmitsigaal (Bpmewmpdalator 3090 Anigmedudstoon t o
differentiatse bREWERes i d / L US99/ 03070 a
flame transmtted wt ﬁs éﬁ%arllé%ﬁ y?t*g%l%%egg%ng@qtﬁgr?g‘g&g ﬁr&%ﬁ%afnpgé’l ues (S
choi ces, as di sfeessforvard bgelizen) debisios fredback equalifér, dnodulstoratifatrgrecovergansm t t ed

with a determndstic choi of signal val. . hence, a.station that desires
to transnit a glgféarnqn%’r%f@h g W%r,g%a&ﬁn%bkcjﬁg@sgﬂw% sumpfon expt 701
(referred to asleaodeRiahd fhraink Idyid. rdentidatadl 205 @nk@withdkohtiiousims sighlere n is
t he nunber of sjign t.s..and before the priority. p, where p rs the
nunber of transfl ngﬁiIBr%Bgl“}t?Paé ?tdf’ﬁaéﬂg‘ﬁ%@g‘f”ﬁﬂ‘ X quene 287 f9F p$dyonl vy
signal s DI 19 ottheBdst shxeon lodic bsgatiohaosm tted the entire CRA 10 15 sequence
correspondi ng o the desired .|l aag | and when it has chosen the first occupied
signal slot (i.e., Mbca5ieidssigy &?‘%2%‘6%‘&’“%%HFPS("RLlijelPﬁtheselmdati on chose

slot S(k)). ThesigaPdr coRp&es BisISieDloq tRetHRMBRI Btfodﬁéﬁ;gsab?ﬁ&yﬁxh; mde 1) the

station which has transmtted the dete 'nistic | abel” successtully transmts

inits slot; (2PrejeRcerabenss af sigpe dhpewtpntiefcamridrifysignal datécd202 iy

transm ssion; afgndc@l té RRwkinhldcOids EHubjidSps W t h anot her station of sane
priority. In cases (2) and (3), signaling in the DI slot has no effect.
Howe er, intase ( A moduaten2d5igaerrally petfornp thesinpdrsedionoties of deniodfiletom t he

| i steni ng statifgs . PR %05 S i I by a,determ nistic
CRA sequence. T%E%}ﬁg@q?%dt?’gmwg s@??%’ﬁg%ga%cg&ng%ﬁgﬁgﬁéf%‘}égee%&t%ﬁtz’acorrect'
PHY par anet er s gogtinuonetime signal fhaperodedpplipd yg shared-anedivent®d diContndl of thee pr esent

invention proviggsy & N ﬂ i Qri otpcol that can

be enforced per pac etﬁéer %Eogﬁgﬁi%n. {eiﬁﬁg‘fscgﬁczc%tf%gr%hgﬁepri ority

- traffic is al ndtanswitted putpyt of medhblatoe205 is compdnel wiflf the edeivedatbnaltinhower pri

‘ties. In ti : i i raf f.Lc_can be assured hounded ,access

| at enci es E%Lor%#!f%lde{zgé %Oﬁ'gg‘g %t%:ctt?c{/éelh‘r%rﬁ%é?g%fes M?%o CL¥PHNIS at the

sane or higher tpmsmitiidgonesharedvhiedinm H01alvapiereedetibdditieny H\detbclich

guar ant eesof QS. Alsp, the priorinechanismadds little overhead to the

standard et her ngc2uen WK@W%‘?B’PWM ?ﬁ%@l‘? "[rﬁ%ll"ﬁﬁ?ﬁhf’ Spnsmitted sigapl usipg any

station is fai reandahd IR filier AHbrERS with\SoofAEibRS meMured BkieSOHHmEIng| 0Se to the
t heoretical mni mum f or .%?erfect I ﬁf ai r _queue. In particul ar,a packet

starvation pherfSEREHOBF 1o noverlerebefthe drsscted dlifferange signabis comparediiora t he
medi um by disf f ehRBolPlePdas® ; ; he i cl asses
oldle Phenrates Q%ol‘ﬁ&@? gét&t gig}lﬂ%ﬁh'tﬁ%ggefw

of transm ssion thereby nmaintaining a - August 991 43130
hi gher aggr egat®8ultiply acsssoepgelien 206.

Multiple access controller 206 also receives input from TX queue 208

regarding the priority such as priority signals 201 and desired (MAC) label (if any)
for the packet ready to be transmitted. Multiple access controller 206 also outputs



of the medium Moreover, in one enbodi nent, the present invention provid s
additional signaling that is useful for other |ayers of the network
protocol stack ( .g., the PHY layer). Al though particul ar e{¥adiistdod20f

t he present invention have been shown 5 and described, it wll De bvious to
those skilled in the art that changes and nodifications may be m de w thout
departing fromthe present invention in its broader aspects, and scope all
such changes present invention. the appended clains are to enconmpass within
their nodifivevpems that fall within the true scope of thecrdRsenighd August
2002 CLAIM5 1. A packet-swi| comunication channel, a fir 5 a second
station connected to and the second station each c. a network intE channel
and receiving packet. a distributed i |0 executed by the first station a
MAC prot ocol r ethoHeteaiel princity and labebefireqaived sipnahets RAICGRES 207 dlonphGifiehe the 15 a
mul tiple distri : hed | ti.p] e-access network system conprising a :
shar eg t stati oﬁa%}é%%ﬁ%&ogb&uwd?lﬁtgr% ared communi cati on channel, and : he

shared communi cat i orsimblatisis havedes érfortéEexhinintlg tBE Stindl nuhBi Sf si%x}f!{ie net wor k
interface trans i ckets to the fromthe channel; and it priority

ittin
queui ng MAC (I\/E%%’tﬁzeﬁ?c’c SEIRHSF BYO sighabslessdhregsignal slpts, founsigndl slotatetegn, t he
di st i but ed 4 ai Undet b ot st Ehpartin Stk R sDASOAEINREAI LBE, LSt stati on
and the second station rity basis;, inCerface Incfudes: ss conttoller, the
mul tipl e accessSi&¥htlpts Wagshiosnde be entigal,lshaneh heisyspeny perfiirmed Mady s wtlocol ; a
carrier and s Opal tvEdre6l: statsiggenmuni cates with the multiple access 20
controller, the carrier and signal detect detecting the presence or absence
of transni ssions n tHe. tisafurestionah dipgmioaif mobdtipte acads sonwoller e @t , t |

transm ssion, Vv, ' ces, 30 t he.denodul ator. conpverting received
transm ssions i%%hgggﬁg%ﬁ%?%?o%%%gr‘g? RS pLEkREHoR e partichlat, dnnyisde s f or

therein thela r SGONTROLAOGIC 10hdnchidataicafici Sn@QEhITdnesholidt & gnd @ik 0! | er
using carrier %S wefl gga éojIlZsion Jé?ec&l{gqnléﬂ’rm% ?:glﬁsion detect 204. Also, the priority
level and desired label (if any) of the packet in TX quéue 208 that is to be
transmitted are input to CONTROL LOGIC 301.
| When the carrier sense signal becomes inactive, CONTROL LOGIC 301
15  activates a SLOT TIMER 302, which identifies slots as contentions or signals. In
particular, one function of CONTROL LOGIC 301 is to monitor for collisions and
signals and to maintain a counter STACK 303 and a counter STACK TOP 304.
The following pseudo-code illustrates an implementation of this functionality of
CONTROL LOGIC 301 in accordance with one embodiment of the present
20 invention:

After successful packet transmission,
STACK [priority}-- , STACKTOP[priority]--
ELSE collision THEN |
25 IF STACK [priority}=0, THEN select S0, S1, or S2, send signal,
IF selected S1, THEN STACK [priority] += SO
IF selected S2, THEN STACK [priority] += S0 + S1
ELSE STACK [priority] += S0+ S1 +82 - 1
STACKTOP[priority] += S0+ S1 + §2 ~ 1
30 IF new packet arrival, THEN STACK [priority] = STACKTOP([pricrity]+1.
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a collision collision d collision); ;t that conmunicates with the nmultiple
access controller, the detecting the presence of a sinultaneous

transm ssion (a 5 wherein a H DOFF signal is used to susperqg}\ngstzonz
distributed fair priority queuing MAC protocol for a redetermn lcIJI tinme
interval such that the predetermned tine interval can be used for acces by
a third station that is not executing the distributed fair priority queuing
MAC protoc 1. 10 2. The systema in Cairn 1, wherein the HOLDOFF signal
and a transnwebmsizdi ned to end at a frame boun ry is use i ment a
synchronous frane interval within which the distributed fglc?ngérgl%B%ﬁy

queui ng MAC protocol functions. 15 20 25 3. Conputer dat; swtched

mul ti pl e-access netv a collision sig by a first station connected to to the
network; and at least two cc different priority to provide rr transm ssion

opportunities co: Ac tr ol rot ocol exec the packet collision on a
per f wherein the ca&ﬁ%ﬁ_@g%ﬁg)ﬁgﬁ)“ﬂé?‘ﬂb%ﬁ@@d’aﬂ%&ISWWGde@mlmcﬁw time
i.nter access bywhenSTACK Séwtdr 303 ﬁth@éc&reﬁrpﬁt)%%vkeliggﬂl%i ngm)rlfﬁéglge%s' gnal s

: . . t
ina carrier wave,signal transmtted over a packe é)orrprlsm |, the
col I'i sion si gnaf@joRdatencrwyerad & enllisien enpreyious attemits it rsmyrite the STACKOrk with a

packet sent 4y &uf Is ion.slots. the, contention
sl ots, which each ﬁg%}je}qlfEﬁnilﬁeeagﬁy\;‘gfi&g)f&]%raiwo? V‘gff‘ glé{?:‘bg‘? ,“dﬁéf ng used
for contention to8icr eantdnging statiensr iAl theeedd bed sucqesifulrtiahsmissian Bl gadddS (Medi a
~ted by the fir i by .t econd, statjon to resql ve cket per
access priori tyééggg%egf;lélﬁ%@&g\é?/‘ém Bg% Oney, hig &ll ’&MW“%‘{S%@F, the o
suspend the di stoppfihe stdclf @buntqrivhioe bie) newattiveg MAC prot ocol 'al such that
the predeterm ned tine interval can be used for not executing the
distributed fair pridPTtSPepdERenHIIEREsEionRareyert collisiprctoe stadan t ched
mul ti pl e- acties srandumip sdlects dveal¥ih B Farngd 8...2 (ile aNBHiH that ORe Lrk ﬂ.?%@%g&, ing p
ute

packets ftomthe ch | ; ecuting a di protocol, the distri fair 1 5
the channel _on __%%e_?djgzc%@%b@déﬁ%ﬁﬁéﬂgwFﬁﬂlmﬂr@%’nﬂ’agﬁigaﬂg}op Thit ecting the
10 demodul a mockiral inRgmel2N @ obitthdnglsuidh Mk thehlar RSt LRI RRT 0N
conten and to a,shared communi cation channel anag receiving ri Y fair
priority queui nORPRE thifisintaThese signalsaliowty stations toyesglve ticirprddiise pinot 0col

resol vi ng packegartlak,idids0 St sREARS S RWefdh! | D nfeng hesioat | ons
connected to the ~ritized Qpporst%uniﬁl?yntoe{é?g‘%%})ng?é%%ﬁ%w\%m%ﬁgkﬁg; or
absence of T arfdgficasselsqtingighen aumbrasrsiots. ThefiTavEks siuotes303riteepsnacket dat a;
data into signahs ofdRf. frhAEH SSbQRtive @k ont eption sl ot the
contention slots bei ng used&}%?‘bg%%ﬁ@h'hlg-ﬁgécﬁ at %Qgrg%?&%r%aieﬁccor ding to
access priori t ySTAGK peyster 80higcrsases DORIkdévghtalagconinmdOpROfsigagihal  bei ng
used to 20 suspefrdnd ffv Sitcnk! i 1t eul MAC protocol for a
predetermned ti me intervan%suc g'hta)@y[ﬂlllegsmg{o}em(ﬁe{%xgﬁﬁWB%IPWH%RWH{"E? al can
be used for accégnsldet will be aativoin thhaextiemdot executing the distributed it

priority quguing MA@ phof QF&)&K TOP 304 tracks the highest stack level for any station, at

each priority level. This is used to set the stack level for stations becoming active

with new packet data during a cycle of collision resolution. This improves the

fairness of access, ensuring that late arriving stations do not gain preference over

stations already contending. In an alternative embodiment, a “closed” entry policy
25  is used, which inhibits new packet transmission until all the currently contending

stations have finished transmission. In simulations, this alternative embodiment

was found to produce non-optimal latency distributions.

In a preferred embodiment, the above pseudo-code is mapped into a
hardware description language such as Verilog or VHDL, and automated synthesis

30  tools (e.g., commercially available automated synthesis tools from Synopsys) are
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5. A nethod for packet-sw tched nultiple-access network, the nethod 25
conprising: transmtting p. packets ftomthe channel; executing a dig
protocol, the distributed fair p 30 the channel on a per pag®igut2002nnel
will have a fair and p~ detecting the ~ to a shared conmuni cati on channel
and receiving ributed fair priority queuing MAC (Medi a Access Control)
ority queuing MAC protocol resolving packet collisions on access priority
basi s such that stations connected to the ~ritized opportunity to transmt
pendi ng packeosy43tseence or absence of transm ssions on thgGiReeehe - 19
15 August 2002 nodul ating 5 detecting a ~ providing a packet transm ssion
content 10 wherein the transm ssions at different b. received transm ssions
into packet data; data into signals for transm ssion; and of contention
slots, the contusstto eomgileghscdngiumtjonss atehichne inePPOXSITTAbbIRGH I SHecifit € OF der ed
according to aq&ggrgteggi or.] téﬁ of.cB{n ent i qn s ots are further used for .
segregating rateseor- ai'f ey SHETHYE DEPSHde-6P be trayglated into a high
.g,Ag}aQsle. \;\As/\y. AE develrofbmmAe)arfyiSgeAA0h AUB? AhY exd8utdO6h ARarBarB&mBedied Ah. AU. A. A
n|a . . )
#1{vpke'[ V] ca] é@f‘%&‘lﬂf'&ﬁ?é‘éﬂf isrart obnetwotk duipiface)l 0] Alremativeln) thaseadee a] ca] cal cal
ca] ca] c"a] c&| cabgdati Bt Gildlaedifhte FlAFAE 3R] SxcButdd bl Jﬁ{oﬂﬂricr ontroller, or
"9{vql ga[ V] caU] caU| ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca]ca]ca]calc
aU] ca] ca] ca] calheuipas)imipsaledeackisp-ca] cal Rd' h' k' z' ' ' C((2))) *J**L+X+s+}, V-P/ d

/177000001~ id Zt D

] ca] ca] ca] c;is(r:]:i] Eaﬁfg%gﬁg’%]“gg}%%ﬁ%’%pgg{ﬁf@%%%%%ﬁ%@g]ag%]?gg]( ??:U]N?a
<<e=n=} =>>. ?¢? 2oigm® o ashered tlrahe af shafedahathine 1) 1cia acatdaadecalicakca] cal ca] ca ¢
a] cal cal cal cal akGaheA iaeals AhealnCahealilsah gl od L BBCO0Co0KKKKi
Z7Z[ D] |\ &\ \10\ \ PASHIRT] 401h SmiMelisalvifslving tha berdipabiealnal gakcaksalcal caUl cal] ¢

TV e 4 Do SR re Rtk G aShioRP (051 S 560 Pe afiems bapdetea) oa] a] ca

]i:a] i:a] i:au% Ca]U]V!i?]thalig}&]sQﬂioﬁtyﬁrst. 1 cal Lcal f3ghhLi\i 11111 . mivni no

a] ca] ca] ca] ca] ca] cal.ca] ca],c cal.ca] ca] ca] ca] cal i\ : ni noi o

oocp=qqrrsss2tnt: u% AW&J]’E‘EE@@] ;(E}}t](f)d%ﬂfl}’ df%%ﬁf‘gypdmaigﬁ@apca] cal]calc

a] ca] ca] ca] ca] @eibligadvens, et 463, Jsand deseicrk ttlosdleaRd GRlot PAEREGaAbS 2

BuQu] uouuu%%wx%‘z%?gp %@é ) . . o

| | K| 1} n} ~" <2~=2{3URe ‘5’{ rHtetorsayisawaficrendyAt prigrita b etiehns apeailscmUIL a] ca] ca] ¢

i]e(z:?% EZ‘]Q;?L\C/? ] @%ﬁi%ﬁﬁlﬁlﬁﬁ? ’gdasflg%efﬁﬁq%gqeggm%gﬁ@]éfsﬁdg%'gZU] cal ca] ca]

ca] cal ca] ca] ca]P ]493)-ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Q' *9ETC#LTcoD+@\ } xsn

i d_zy ca] ca] ca] ca] cabwike#makhabakhea\dbralsaheal stealcahsal gal cal cal cal

ca] ca] caU cal] ca] ca] ca] ca] ca] cal cal #T

KN#2VRd, zupkf a\°91}1f1€‘a]1?$%ﬁ3 isgpdetiavshittiiestition)) Fat caupteathe hyteid]208] ca] ca] ca] ca
, Lhj v#/ : Eltps: b] kf a\

| ca] oa] oa] og] ﬁ%@%ﬁ%ﬁ%ﬂ%ﬁ’&f@é@ﬂ%ﬁ*ﬁca B M el BN B ebE] cof cal ca ¢

a] ca] ca] ca] caURBappnd} eqllisiontixdétppt@l by the presence of received energy from other :

1090& ()- 1090 & L)1 L vy W& () - oT& () - owr& ()- L
1 8 qudg;&( ; 2 &n |0 a/flj- EL* 1@3}%@%)185 /%Fg‘a(%l? q/q?l'ligédl(n)lenk, 12 oMb abtect jzggxigénﬁe%ts
: the hybrid by subtracting an echo replica of the transmitted signal.. InFIG. 4,a

collision on the shared channel is indicated by refetence numeral 406,

25 Immediately followiﬁg the collision, a series of signal slots are used to signal
between colliding stations to resolve the collision. These slots are shown as S0, S1
(identified by reference numeral 404), and S2. Immediately following the
sequence of signal slots, contention slots restart at priority 7. Assuming no priority
7 station has become active, then a subset of the stations contending in slot 402

30 retry transmission in slot 408. If the number of contending stations has been
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reduced to one, a successful packet is sent (e.g., PACKET 407), otherwise another

collision occurs as indicated by reference numeral 403, and the collision resolution
protocol is re-invoked.
Further, the above described (access) priority mechanism can be used to
5  segregate traffic on a given segment (e.g., shared channel) that uses disparate

modulation rates, which is particularly advantageous in a scaleable network system
to allow mixed transmission at different baud rates. For example, a low cost
interface may use transmissions at a rate of 1 Mbaud/sec (Megabaud per second), _
whereas a high performance interface may use transmissions at a rate of 10

10  Mbaud/sec. In this example, there is the possibility that traffic offered at the lower
baud rate may occupy ten times as much time transmifting on the segment as traffic
offered at the higher baud rate, and therefore, the aggregate bandwidth capacity of
the segment is detrimentally reduced. Accordingly, in one embodiment, stations
can be assigned (access) priority levels according to bandwidth class such that

15  higher baud rate transmissions are given preferential priority to the segment. Asa
result, the aggregate capacity of the segment is optimized towards the higher baud
rate. In another embodiment, stations choose between (access) priority levels with
a statistical distribution designed to optimize the utilization of the aggregate
capacity while ensuring that transmissions at a lower bandwidth class are not

20  unfairly excluded from access to the channel. |

In another embodiment, a HOLDOFF signal is inserted at the end of each

successful transmission interval, at a time just prior to the contention slots (e.g., at
atime identified by reference numeral 409 of FIG. 4). This signal informs the
distributed multiple access controller 206 entities to insert a block of slots (e.g., 16

25  slots) before starting the countdown of contention slots. This time interval is then
made available to a remote station (e.g., located at a central office at the other end
of a wide-area subscriber loop) to commence transmission without superposing the
requirement that the remote station be able to participate in the contention protocol

(i.e., execute the DPFQ MAC protocol). This approach also aliows multiple access
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controller 206 to synchronize contention cycles to an overall frame interval by
detecting the proximity to a frame boundary and commencing a transmission
which is artiﬁciaily terminated to coincide with the origin of the next frame.
Assertion of the HOLDOFF signal at the end of this special transmission can then

5  allow the remote station to commence transmissions at a known time. For
example, this network frame clock is useful in certain applications for sending
synchronized data.

FIG. 5 is a diagram of a tree 500 that represents a sequence of choices of
signal slots selected during a contention cycle in accordance with one embodiment

10  of the present invention. In particular, the sequence of choices of signal slots
chosen during a contention cycle can be thought of as an address or (MAC) label.
At the start of the cycle, shown as a node 501 at the tob of tree 500, a station
chooses one of three paths, shdwn as 80 (502), S1, or S2. The choice leading to
the next node of tree 500 forms a digit of the label 0xx (503). As shown in FIG. 5,
15  the next two selected choices are S1 leading to a label of 01x (504) and S1 leading
'~ toalabel of 011 (505).

In one embodiment, these choices are selected randomly to ensure that the
expected depth of the tree needed to resolve to a single station is optimally
minimum. In this embodiment, the derived label merely reflects the random

20  choices selected and conveys no useful information.

However, if a station makes non-random selections at each level of the
contention tree, then when the station finally resolves successfully and transmits its
packet, the station has also conveyed information in the form of a (MAC) label to
the receiving station(s). In a preferred embodiment, the label is used to provide

25  side-band signaling in four ways: _

1) The label is used by multicasting stations to identify the source of a
multicast and assist in the PHY layer. In particular, each multicasting station has
been assigned a unique label, and the receiving stations use the label information to

select the demodulation parameters corresponding to the identified source;
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collisions (e.g., which may occur during initialization on channels that present

strong echoes) to gain access to the channel for echo probing. By sending a

10

15

20

25

30

sufficiently long and unique label using the MAC contention resolution signaling
described above, an initializing station can ensure an arbitrarily low probability of
collision with another station, even though the initializing station lacks the ability
to detect collisions; and o

4) The label is used to identify certain packets for special treatment by
layers or sub-layers of the protocol stack other than the PHY layer.

FIG.6isa plot of maximum and minimum latency versus offered load
comparing the DFPQ MAC protocol in accordance with one embodiment of the
present invention with standard ethernet. In particular, FIG. 6 shows a simulation
of ten stations with uniformly distributed traffic load in which the offered load was
increased in steps, and the minimum and maximum of average latency across all
ten stations is recorded for each run. As the offered load approaches 100%,
ETHERNET MAX LATENCY shows the unfair access statistics known as the
packet starvation effect, as discussed above. In particular, some stations see
continuously increasing delay (601) while other stations “capture” the shared-
medium and see minimum latency (603). In contrast, DFPQ MIN/MAX
LATENCY shows a tight bound on latency (602) and is stable even under offered
loads greater than 100%.

FIG. 7 is a timing diagram showing packet transmissions and slots of
shared-medium 101 in accordance with another embodiment of the present
invention. In particular, the addition of a deterministic label indicator to the slot

structure of the present invention allows a listening station to differentiate between
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Y@ 10% deterministic choice of signal values. Hence, a station that desires to transmit a
deterministic CRA sequence also signals in a slot 701 (referred to as a “DI” slot)
5 immediately following slot S(n), where n is the number of signal slots, and before
the priority p, where p is the number of transmission priorities, transmission slot.
The station only signals in DI slot 701 when it has transmitted the entire CRA
sequence corresponding to the desired label and when it has chosen the first
occupied signal slot (i.e., no other station chose slot S(k-1) if this station chose slot
10  S(k)). There are three possible outcomes of this situation: (1) the station which
has transmitted the deterministic label successfully transmits in its slot; (2) the
station is preempted by a higher priority transmission; and (3) the station collides
with another station of the same priority. In cases (2) and (3), signaling in the DI
slot has no effect. However, in case (1), signaling in the DI slot serves to inform
15  the listening stations that the transmission is one labeled by a deterministic CRA
sequence. Thus, a listening station can unambiguously set the correct PHY
parameters for the source. '
Accordingly, in one embodiment, the present invention provides an
efficient absolute access priotity protocol that can be enforced per packet per
20  station. The latency for higher priority traffic is almost entirely insulated from the
offered load at lower priorities. In particular, multimedia traffic can be assured
bounded access latencies proportional to the effective number of active stations at
the same or higher priority level, which is advantageous for providing guarantees
of QoS. Also, the priority mechanism adds little overhead to the standard ethernet
25 MAC layer. Further, the maximum latency seen by any station is fairly distributed,
has low variation, and is bounded close to the theoretical minimum for a perfectly
fair queue. In particular, the packet starvation phenomenon of standard ethernet is
eliminated. Further, the MAC protocol can be used to balance usage of the

medium by different bandwidth classes of transmission thereby maintaining a
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11! aS, - 10%& ( ) -pleseMiInvehROPREVilds additional signaling that is useful for other layers of the
network protocol stack (e.g., the PHY layer).

Although particular embodiments of the present invention have been shown
5  and described, it will be obvious to those skilled in the art that changes and
modifications may be made without departing from the present invention in its
broadér aspects, and therefore, the appended claims are to encompass within their

scope all such changes and modifications that fall within the true scope of the |

present invention.

-16-



N@10% ()-f' @O0%Z& ()- @10%Z& ()- 110%Z& ()-jjSkidIlllaB7@ 1! 10z

10‘%&' (0)- (S) 3109%Z& () - I(:) S, 310%Z=& ()-F S,310%& ()-F S, 310%u& ()-F

s, -10%ZZz& ()-Y II111.mpmjH@ 1! 10Z!' DO10%&' ()-!; 15 August 2002
A910%&' ()-10%& ()-fS310%r& ()-1"9MLO%& ()- 10Z 10Zmmmivni noi oz[ <H@ 1! 103
10%&' () - S10%m&' () - s'SflO%r&(){'@?ﬁg/crlrlrr&'()-f!e :
10%>& f1D910%& () -1 ooocp=qq\ra .
10! @glgg/e&' ()-2 &Flg)g/m& ()-9310%r& ()-fl10%r& ()-yYs-10%m& ()-f 310%m& ()
-@rrss2tntaBH@ 1! 10!'3 10%r& () - FS210%r& () - Of 10%m& () - )1I0%r&"§) .

) 910%m&' () -Z!' N) g10%&' () - Zt u: u?u@AuUBUCY Wptgsl! 10! @ F10% h&' () -"" 10% h& () -
10m 10m 10m 10%r& ()-3 10%& ()-3 10%& () -] uouuuuvvdBbC 1! 10!!gS10%

& ()- 10% h& ()-2!S10% h& ()- 10% h& ()- 10% h& ()- 10%

h& () - vWOMMNXXXWYSbC I &ckét%@#&ﬂ&fginﬁl)apg st RIRBE s(y.)stem comprising a shared
communication channel, a first station connected to the shared communication channel, and
5 asecond station connected to the shared communication channel, wherein the first station
and the second station each comprise:
a network interface, the network interface transmitting packets to the
channel and receiving packets from the channel; and
a distributed fair priority queuing MAC (Media Access Control) protocol
10  executed by the first station and by the second station, the distributed fair priority queuing
MAC protocol resolving packet collisions between the first station and the second station

on a per packet per access priority basis;

wherein the network interface includes:
15
a multiple access controller, the multiple access controller executing the

distributed fair priority quening MAC protocol;

a carrier and signal detect that communicates with the multiple access
20 controller, the carrier and signal detect detecting the presence or absence of

transmissions on the channel;

a demodulator, the demodulator converting received transmissions into
packet data;

25
a modulator, the modulator converting packet data into signals for
transmission, wherein the transmission of the station is controlled by the

multiple access controller using carrier sense; and

30
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queuing MAC protocol for a predetermined time interval such that the predetermined time
interval can be used for access by a third station that is not executing the distributed fair

priority queuing MAC protocol.

10 2. The system as in Claim 1, wherein the HOLDOFF signal and a transmission
timed to end at a frame boundary is used to implement a synchronous frame interval within

which the distributed fair priority queuing MAC protocol functions.

3. Computer data signals in a carrier wave signal transmitted over a packet-
15 switched multiple-access network comprising;

a collision signal, the collision signal indicating a collision of a packet sent
by a first station connected to the network with a packet sent by a second station connected
to the network; and

at least two contention slots, the contention slots, which each have a

20 different priority to provide multiple levels of priority of access, being used for contention
transmission opportunities controlled by a distributed fair priority queuing MAC (Media
Access Control) protocol executed by the first station and by the second station to resolve
the packet collision on a per packet per access priority basis;

wherein the carrier wave signal includes a HOLDOFF signal, the

25 HOLDOFF signal being used to suspend the distributed fair priority queuing MAC protocol
for a predetermined time interval such that the predetermined time interval can be used for
access by a third station that is not executing the distributed fair priority queuing MAC

protocol.

30 4. A method for a packet-switched multiple-access network, the method

comprising:
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packet transmission contention opportunities that are ordered according to access priority;
and
transmitting a HOLDOFF signal, the HOLDOFF signal being used to
20 suspend the distributed fair priority queuing MAC protocol for a predetermined time
interval such that the predetermined time interval can be used for access by a station that is

not executing the distributed fair priority queuing MAC protocol.

5. A method for a packet-switched multiple-access network, the method
25 comprising:
transmitting packets to a shared communication channel and receiving
packets from the channel,
executing a distributed fair priority queuing MAC (Media Access Control)
protocol, the distributed fair priority queuing MAC protocol resolving packet collisions on
30 the channel on a per packet per access priority basis such that stations connected to the
channel will have a fair and prioritized opportunity to transmit pending packets;

detecting the presence or absence of transmissions on the channel;

-19-



10%"& ()-T 10%"& ()-T |[:bU4 11 | Y10%"& ()- +s10%"& ()-
/r39%10% q"/ & ()- +3% 10%1 +& ()- f10%"& ()-z 910%"& ()-KN !|[:-410q"

9<Z10%" & ()- 010%g" & ()- 3Y+10%"& ()- L610%j"& ()- O@LO%S AKigdyst 2002

. 10%" & ()-1"#2VbA410q" _4&@ 10%N"LE& ()- s "109"& ()- FLIO%"& ()-z
L10%" & ()- " 109" & ()-10g"10q" Q[:A410q" y 10%"& ()- y 10%"& ()- vy

109" & () - & 109" & ()- &10%"& ()- & 109%"& ()-Rd, c<|[: A410q" 3

%0% & ()-F 3 %0%& ()-F f109%"& ()- f10%! & ()- &&6&10%!N& ()-Z y
109" & () - Ibghijy|obU410 'MLO%" & () - 10" 107" 10" &<Y10%" & ()- &6
109" & ()

- 3 %0%" & {omdduladin 4&%&1 {ranshidétbhs fdto %‘éﬁé&lata f310%" & () -
&@O%"& ()- 10%"& ()- SL10W"& ()-7z $sL10%"
SL109%" & ()-z: FIt|[:bUA10 , 10%"& ()- Ys: 109" & () L10%" & () -

STTRIA R AL o O T A

@Oo%"& ()-!W [:bUAL0 13:10%& ()- 13:10%"& ()- & 10%"& ()-

L™ & 10%".& () - & 1098, ) (V’\ &() G UsvW410 ns10% ""[ & () -
vs1096" &'5()- vle%‘c{ °°?‘ éacghéwwﬁ 107" 10~ 101"

9<Y10%" & ()-s:0|[:vW410 n 9S: 109" & () F@O%\ & ()- &10%w" & O)-

9Z10%\" & ()- fs&l0%"& Q T109% :vU410 n 9S: 10% " & () -

F@O0%" & ()- &10%" & prpviding fc)l];w@l@yc’)f °°!§®¢lf@%°t5&tfxe)wmsmm0ﬂ¥0¢%bqn}g used foral
"Headi ng 13peket tHHAGHisHEn ecttéitior Eg;ﬁﬁit‘uﬂ& SBhfare ofderdi @a)cﬁﬁ% 53] c"
"Headi ng 63% Headlsng 73] c” w adi nge83 creoHeadlangr93 anﬁcég%ggmt?

Par agr aph Fontaj $, 3m @BQY i Ar!{Y)S"i 11@f Buopqr st uvwxyzna}

{5 LSt B T

"H#SUR' () * +iransmissiRBg @atif@ent baud rates or different modulation formats
<= >7? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqgr st uvwxyz{| } ~

-20-



