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LATRNCY W RELESS MAC PROTOCOL This invention is in the field o wireless
comuni cation and Media Access Control (MAC) Protocols with extensions and

met hod m\ \ rrprove performance in the comruni cati on environnent.
Backgro !%@ﬂ\ mﬁ‘\‘ vention In a typical wireless co C wor k
environ ‘ as a nunber of stations each devi cmnle %RMlon) can
be Consi der ¢§*¥%" having a MAC | ayer dad & Link layer, and would require the
use of MAC and Lick |layer protocols . The .ink layer is responsible for
provi di ng address di scovery. address conflict resol uti on, connection setup,
i nformati on data exchange a®AGA diINK QAYEE (RXIERNSIONY i e al n saneammymmfmmm

latency is often a big congigietareve? witi@riesy MRE RekegurPver he
gain access to the media. In a typical networking environment thein

l*ayer pro{,Pecl%I ﬂ'! ?ﬁ rﬁggnm bie for ensuring end to end dellvery of t he
data. To ypical .ink layer will incorporate a polling
process by which control frames are periodically exchanged between the
source ,old Cafpia iguemtdenti® askiewf vdgeot edegitase ncaxinubhen siont askhvaat & ames
In net wor kecelshatorsabl ety omoleberlsl @i tav eyt dnl orav @ad @REANLEE Wek €Gndd o

util'i zi nQinghtioSe tpR€obhane! 14 Rie HRRQSITaCHh BvitBhNafiXPENSI Ve (nMeasured in
terms of throughput). The cunul ative effect far the entire network when
Consi deri egat t of all devices in the network is even nore
expensi veﬁn&ggma‘gg Gl Indehis atency can be neasured by the tinme it
takes for a station to get access to the chancel. =n s wirel ess

envi ronment, tHe BHFEYP o¥ixeiess &emmcewmr@tweﬂelwdrmnal tigatabhng ya at
any specuiunbest@ﬁ isbatjanisd eaTht derise gmakwdk- BEitSion)y dianObd 2Rk iddrddhgs

recei ver .havingenenal layelear@\R ﬂﬁl&erﬂir%r%ﬁdhﬁmﬂhsi-éﬁ(i‘%e Ofndt Uﬁe V&CEMXE randr om
the transyt f&})ert B&Mcaﬂém&eﬂnm ReSilY EQD %Se ff’

open apaceemco ac g&le%ts &:m? s%n grap fca . na S E[fsed in
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of power)aczess @ theaiedés. Iha >ypitaar herwemkngC alvizengedic kab ethrky 16 Héer
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transm t tyflab¥en@i ek tnQkrd RghSea1 =i ke 15 m@lenﬁmlpaga@é B&nm,eﬁéc?éeggce
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bi t - error-rat & $ERredpssjegridannenfoi sthe at§ ertSNRptatdepands epetber, drie
can find meceiveslliebgmeivayaliihatay by ppebific 7stdatyord fang efeirve rkgig&aqeoedseﬁase
syzbol :js.-aab@vena) R UBs iZe0diVeRY Cin ghisrad, @3 UdNr ab dsgaﬁtﬂhte' afs Et t
reduired o e ned _pro ily at a
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coordi nati on, reservati on as reservat | on or control synbol (the

co~rtrol syrrbol can be sE~nt fromany wireXess termnal in a distributed
Np, , C and by a cent raI ooord| zxat | on [ na coord| nat ed IVAC) ThE~_ col l ection
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~~ APR 2D3 eo that all stations wathin the interference range of a
transmtter Can receive and decode it with a high gxobability, This process
i g designed to inrreaae the throughput and reduce the oolllai on wi adaw on
tote transm ssion of re8ervatian control Frames le.g) RTSICTS) siaee if 11C
bodi es were transmtted with the repetition code of Rui h I nave a
poteatialiy much |longer transm ssion tinme and hence a | 21 tz&pR)MQbﬂal on

wi ndow. All header fi.eld8 of any frane {reserrration franes -ar data
flames) chat bedr any reservation specific information, axe repetition
Coded with Rrax and are in the frame header. The fields defi.aed bel ow are

used ~.n éf&ebeemédldh 266kl 06h RaBY nRk SR Brdffeeid, @t Eﬁinfeke'v?’%lrt,

b h " d
éﬁﬁﬁ'eséii"a? 2@?@ VEl€key BUELs USRS LIRS b Gl (5RO

rate R SN C A L AU T e
i denti fi e'éh‘a?npﬁeﬁscﬁ?lc&t%@bﬁ}tiﬁ sFengRibeech gnr bhwasy henpe-the ttempt ax dat a
exchange. r&3iené eidir Bodiggi nint labe ndlpabésshehsime) . | We irefheaicdnvad kha hi gh
probabi | i t¢peayeithl rateaat(RONILM Fdtaitiét Ant A8l FaESIValst A NYRBLA! 1288 £ikds a

interfer %ec%%ﬁ'd@ciﬁoﬂefﬁawaeﬁg p,grn{cq%ggé/ait | PR 'Jrébgbﬁ agl& (} cglvrlaxgd?om

ezv aan

manner . o] hat

fined R 1 °t °°§5§ é{ ch}eas?a e ée hgid'gst]i"h'ateirﬁﬁr r§f’§t fr‘?fﬁ o‘? it can
se7.ect &19Re o'iﬂﬂ‘??r’iﬁ FB‘P“’[ hﬁm'f uFF T RRFRIVCEf W oD £4BR tiboRudt RewaRt and
dat a exch&¥getha paghabdl iy P& rAfeivinaidecernet fumpolsiy ebded ianpredefiined a
group of evali omwsa tepuihi sheaspeaidicnt adteORSreqiilicihe saceivazb sambg have a
conuaon repebbiioRifbkepftaehindd provibh sy Aol qhvkn!fade®d Epaiith dRGaMe
e o CBHARA0L B TRIDES slhetip “%;‘gg%oﬂ;mt BdBfcs Hbm i Y0
one (or o‘%%gfm‘atstm &880 9’ A5 ?%‘fa ng uf® n%?%r R 98 RLIRTEPON. | n
ot her wardfé iBERFE "é’t‘ﬁeonu‘ler F%%“FB“I’“aE?“P Me5e8SAYaEe aqhdReeia v BER e
physi cal & Fgeeivey 13 aptopseddarngl hgorredtiondwithin g vinelagsonesiork, 2.
Frame Type - This fdeld defines the type of the franme. Firstly, it defines
i f thr~ franme piscaikitea MAcopFotREbots QAN Alrelé AT sMBRGOA WO ] iréj%ffté}?s the

fsglbl ; gglespﬂt,;za weésmnam@ @%ha&'ai B8k ! bRE- cd cfraandato%eéé %e§eé1 ign
that a. qul E'g’? l a re‘%S TS&JZaehle ‘3?%\&%8 I%c%bnrese??fed‘sd'emfs %F‘r'aﬁ’&

whi ch ar @5°P ?‘Fbg t? §ﬂjf’igt élbe APPTHaBeIYBt R AR o TRLPUEE PEservati Cn
exchange.CoPpfinasae mEPEPeudmiaee Mt Sopaztz+ NEel ey ity tienmdictypdesiare |,

defi ned: HRegomsis, tMndgdhihg( IS Rpal3xdar ; t1983pndin( GéxaldniE ahyHdreiiedfEUH) ,

Fad - 0 frerfids tsingCandediaXdtRdsd dolbkel) (MAGNGrbbesciARE adiRdbedgRAEale (| ACK)
frame 3) é%eaaeswahgxmmdfecmrﬁmﬁ&ﬁbem debadieiol O a\aaﬂm Qhicad 'sqgmt hat a
medi um i eQS'ﬂgb aryeq, J.Ez alaCh G oS e EA EanSﬂmL weald etrhueo and CTS
voatrol fra f %\?%? f i‘i} fra’ﬁgut‘ describeds t1 S Zg %Y the data
payl oad |5rfl'°'B§ faa P§5 1§ 37”?6 ﬂ’h&%ﬁ"”é’s““ﬁl SR KEREMRST l?r‘”f%i“f media) Ap R
~d~13 4. SPREHNGETY /. PF o FePITRCRRE R8f FRRFVEREOH 5t CRtEal rayrRol Jitder equest i ng -
station Septtrel gyrbaloczrbd jartsixhmt any fWimeléss thoniRY {1 el distafiburas MBOe :
r ecomma~ctaddby at eerdyyal hmotraimgeion tial « Lajordimdtedenat NgThd@oldédeiod &7 iagl
pescri Dt re@Br@itibA S yREEIN DR Sakh Mtafe conveydrill 2Bb&SaRiof in@SARMAbA Pdat

PraGesT .42y PR &8&%{9‘:&% BEAUA5S! g e UEEH 8o BlloShucal, g5 &t 1 01

arldtarg*e"_j1 g ]é%t erva is a
dr awi ng Bhe yﬁ@v? PLFRS B P~ FCPUPRHY FBFSERF 5T rﬁe’iﬂ %a“fq"n8r 258r e
descri beFYORRLA FRichHare $EaC 50Tt HAngEBFRNTaiRToBBH T Futth dsnbigher-layeanes
i nvent ed protod@ilgdee 8nits &rcly avkrepsolttsegterd epdceiiifcaredeiznsfar asganmr i 0
bet ween aiffl yeceistad i(@NScaskbtofd mubgitaays. ithesd eSRBYEE I8 MdY 8085 Sangnd

sequencegesaivitiBt loencaeeebamanhﬂ kA& 9Rntltad AQYEAIRN &M hééﬂfhyséf’lt i on.

ceasence *ﬁ?“‘qéi“é“g ElapBrdd WPHAES ndtBhd 32‘?"2@ E_U 8 W gfheapy, |
r As shov?’gg ke mggheug R nge tteeni%acll’nﬁ%(}& 8 gt %z W o kst - t o
send (RTs‘)‘CaPrd’tEf‘gaFu%%s RiHH PPERS £pilaNed pRenTaRElY 0¥ pks Stdbiqne-and japgdi um
bef or e t &abiqy pbkati dgedmopardretiet Aheravenvations signalr i mighitstaw aoedsestat i on
(A vvou: iheagmdo ﬁf&ﬁ@bgr&t bermickpd. asf a&ta%hﬂ.ﬂnc(oﬁtiimel M@slﬂ ogca]' S frane
it taoul iR Yid RoBadEl gn,,{gé\), iRc o ocalgetw JwoINOUNCE
to all olhebubat a5l (I@oam bdlasnoNE. CERENNESL NG, Tor sone

defi ned r|o I ons
hearing t F’a ex%éﬁ’&e"’é& e]iﬁ(‘-,‘cfh r’éﬁ*ﬁ Feq f‘c?eﬁﬁ‘“iﬁilﬁ “‘Fr?"h@eﬁ period
o nedia contention. The reserved per| od of tinme is known as the Reservation
Time (RT) . The end' of the reserved period is a~uri,Ged by a frar4e
exchange handshake bet ween the ~ part|C| pat| ng statlons ~I tation (A) would




~ 1 AP ~ V03 tine aepeCt of the invention provides a neethod fox

Commruni cati on between a nunber of atat~.4ns in a Communi cati on network

. using nedia access protocol, in ~rhiG trans~issi Qr nediumaccess is
grant ed to atati~5ris obtaining a successful reservation of the nmedi um and
in which data trar~5m ss~.on verification is perforned Qy. t&

within the reservation. In one enbodi nent of the net hodji 13 ?’R)Q%& n the
network that desired to nake a reservati®n of the nedium for communi cation

to anoti~er station would send a request nessage on the Conmunication
medium for a, reservation of the ~riediumfromone station to a recipient

station ifedelice nEruBEdratINE shBEY aflidid QGrn (e :ﬁeQﬁ'aptf:‘Eu gib&t iaeh %nd\QD d
then sendeg E@%\ﬂidﬂ)&ef—&mﬂi{@t lxgpe Saﬁ&%ﬁ é %g%ﬁé Vaf‘dlgr}’ of "fhe

atatir~r §$ t et;l rvat

eservat .’%ﬁy " ShE elielde o tS‘be JEREFT B msre‘ﬁ SBR IR 6 ot a
franes (pte ?attﬁa?s%’e‘tfdg'hﬁaéﬁl& ’@&) tt(S" FFRatiP&ci"plséﬁP hast ten. Aft ez~
sandi ng t¥freedyefe sepbale grrRaTc profabddity fatadets lesr thend mgedetimednlevehds an
es~, d of Egraasyivesirmximes Sagesiiaaiendrank &fICRLx VERRAWE) wherd Reck agibdiseat
station, izesd %nCHdnice MEomak/(2 o5 CacHiREs adheeﬂébeﬁd&@%% 55'3('1:05‘) that a

confi rrratéé}gi,gﬁng fesbUg g;raggg{e @Wa&&ﬁn)wt\p 5.5' egﬁlé&q on ded Ent I fying
t he nut nbreazeogt mes rgce N el r oriaql na sequenc ere % the
end of transm S¢iToh TE-S17 ? 501 PORERHE atacFIPRelY ak 5he giaxin ‘ﬂ‘bntlfyl ng

t he nunber®P8Fitpyeeding B@é‘iev%‘éFhl thag Wéﬂrﬁﬁtﬂgﬁﬁﬁcsmn%ﬂ sharefnedives
thin by i®enhessyphly Whraswigsions dresempsttrednd Zdatahe Burq i o]l freemd e

sendi ng sitat lowmst| dotieealex tnfauahput .denti F~. ed is not coxxeat, i.e. is a
frame nunber other than one greater than the last Franme i.n the sequence

A, L %%“%E%%dmirﬁﬂ?z’ﬁﬁ%*?‘*“? s Dbl BRledized! 2L 0T
t he aen8|eﬂ‘5’ %EI#I o‘%'% ? % n§f°a°ﬁ€5) é@'f'ﬁﬂt}& 'Efg'{l\‘é‘ngmt Ea&’l ities) to
be capabl® S’f"’*’t"'é@'l)oﬁE P‘H #89(9%; DajR ?H CF8r9ghs YR @) TeRRELEFMUEART e t her
i ts har dvines wivichots Mgle egoudlykhae all aratikes odnhiv|thexittieyifeteacer range

i nitiati rgncdatade Nileabyndls Oforrect iy pitfa hiigh eReb4fi1tiean TBnetddNa

confir mtyaQldm aRE&SL hadldtol lhihedt S iRQRudd-lko Counac (A0S Lﬁ@ra;almseooge,faf the
renai nder (cak, a@.eaém@ﬁsé peRUBACEn dﬂtl?e[mtel:}@rr%ssltx&ktegeaﬂfg. PLERL 5 N one

ari gxoach, adant ause t he

u
i.r~itiation of areq gcﬁes? pm%gg%l at.F’ﬁt Hﬁlﬁs ?‘ﬁ'@ %Fﬂ%?etdd' ng g5t
r emai nder’ % Mdg?mrﬂgl?n%é‘t‘%"r’t% e ToriHg L3ahs of (hes AP Shswgion on
acconpl i wwatﬁn%ﬂwlwééet“@ﬁmeﬁm F@H-ngx GBS and L£TFepdrkets or

nul ti castshouthbai peti eirtbet vereniai@r codihceciiod Rgaowhich sisatesiaslin a
COMTUNI C&lai@ith18 CENER Kndii B iPETHdsMubédiunC OoTHdBe DR BQES doft W bEbkets
station tfafrdnedUivies @%Mrﬁa%ﬁhs pYiralls 84 (. Okl QaBid 1ANGiZCAe B er!
uest ”es%\%g? éi? t%fr EfPX ?\if@aﬁéuﬂ& r%%e%%%d E%@%egah;g g tgﬁget

station eardnae 1o sen hack to t he

sendi ng &P&f‘?atﬁ'ﬁ FFmT 391)375R‘""2‘%O§“ dder P RE e é’d‘?‘d?‘g M¥Ssage

by, Bendi ﬁ’g"'éﬁﬁ’&eﬁﬁb&lf? 5ﬁé§°%f=hﬂa‘§1’§°(iamutey¥4 A§dsieicte nelieng th?lf‘-‘é-kmll k8 such
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Btati ari siead SofcottiretdrniRalsltRat @i Agk PatticiPatitld SnSElcebadvatadn eHS i N

the presehgeitady QUK SIest & 118NSad faBl d&ﬁb?&‘%ﬁck%ﬁa §.b£‘ﬂmt hedte
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rames recelve ST at

ar eosed it SREAFAERSH AN 5P ER TeESrYAsT §n e S e

acknow edgiehtthid prabtem.ahe iront@ sendedllednfrmahions whth fgast dnitorhisThe

st eps ar erilkpeatid iong iverallows ehsnighdutst at i C~z~s of the Dreael ect ed groug
& stations have been polled. lifter this the sending station sends an end

~of burst meBS@a@ dutitn £ar a8k ﬁi-cﬁatl'eﬂn(afsoﬁefﬁreﬁ‘ ﬂ?tz‘ 8Fa Offer thﬁ‘ HofS&ls @t | On
of the gfg W{&L &eoaaeﬂdse Q;éréa%ﬂ ' PR & x$y, H&ém &8@ és[ BLdQ
~neBSage .1 dent | TY| ng 3 err original
oS ooa0C srarai i, U AR ok Sleae Lo Saous, SURBERITY ML FAey | o

number tﬁa?namgsma RP’FP-‘-‘é'eq‘ﬁﬁar?éée‘E‘é Rohe8188Abe fided eI 119PFdy reddYeed in
t he ori githalrepetiwni ziteoR dinr the bodghoft coptnoedr rayeat . 1dds then datamal

transmi S gbOomakaSTHR! 16 LREESERULE YodaR PP rehRéh ab@'tdaREhAGA PAGANSE sane
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A eI SR

seqgl aenCe~ were rece~.ved iri thB correct order the 7.ast 2 franes can be
resent in a subseQUerit txans~aiasion reservation. In still another aspect:
of the invention, if an acknow edgnent is not received froma pol 3. ed



zn. this section we will describe the nethods of the invention using a

di stributed CSMY cA type of MAC protocol with repetitiGh coding as

8escribed isx the ba~ground. The invention contains several new frane

types control frames header and tic body fields as illustrated i.~n detall
.n Pigure a . Three new fxane types were invented to cy %zddtae ~l,

prot Cai, nanely the Sequenced Data franme (SDATA). Sequ eA

( SPOLh) and t he Sequez~ced AC ozow edgnem (SACK) frame. The SDATA frarre

hds a new sequence field which has been added to they MAC body of the

frame. The SriO~I, frame is a sing7.e header with a renote uni nast

deati . nat m@ntaaldraaasm(aDA)mb ﬁ|td1§mﬁbalﬂlﬁ§féﬁnagq-a}[§gﬁogytr% j) ACx frarre

is a sinphachensamng hee . t
shoul d EE&%%A gﬁﬁ“% Etu(;%%? T REP Eﬁﬁg%&m&d dE ool Th e bR
body. Th 3 9? ng‘t‘%e $t9°OHEEL0B YARERY 9%y et her t he
data pr$~rFap j'f' age A&L R \F@Ht’a}cééﬁ@ﬁuﬁy i RFS{@Tilemince THeAmACK
frame pro¥rgies t“t‘t‘é’et%ﬁa@é@i’s‘teét vitwnghe aepprisdon sk cofPphix, thdhanEDa@veeader
vwag al so medeRtiadly onadidleangeewt Sequencen( Sne) add abikd @ DIQuE @13 pRaANs far

the taxgewisdow. ontueadeediailis drabsy frane NXEY RS oh H&%%”L} ta%@ df”‘ames)

frames re asbagu ne out error
Seauence8€ghya§na%1rw%§%§f} at bﬁl g%% W?#h“go ?@:j‘f;b‘r‘n tcﬁ‘d%d "i&Rnt i on
is tp pl‘Oﬁ a seqliencrn frgﬁ? feadesy, Thadetda, fetingdrkelar o uambinethe t o
rp~duce t RE2YEpefd? 8h 19 ARY IP&'?%‘F”HS"OI‘?’T ABY Gthenededds)c heariged dncebsf ul |y
recei ved PRVEadalaveze Ye |4ssppe £3khowuede add demmbaitdbe | addresdeacatd peEndp7c
| ayer andthe|firametbodyrand era poitl wirh tREURPEEILILN FREVWDS Khe tdialgd ReWl hi gh

| atency tlxis is a val uabl e savi ngs. Even networ ks that do not incur a high

|atency wall Stlebbe/stadn ifeic BRI (REIENCRAE (0 FRoL0LS.0L00G0S,

|1 A ul.d
the previ g ehef by e Brahida P g Ser o e e g

t he preV| us

body fot ‘l%’ P r RSk RaRden) ’1"51? &8aFd ddth B Béoh Prehabaditmldrass direct ed
at a specF‘ﬁ"ﬁlC’P&r‘g’éth Whigh She WrENsRiStihg Stprivnees iistenfeye ammpeixmbie for a
burst of defimedepswans@rattion gmsa 24annc rC e anden Glnddie LS fiEO&naﬁ:leénhe
request i Nghdy akhodts @Aresdhbe DAY Basd @dE N0 phélR£SRGH 285 | da@th HR LA LROLTAN

frames tOedd) deaditR DAL IGTES, S:.etngaﬁ Qe by @7 ?&x{dgﬁ %gi%ttgyugﬁ&a uni east

addr ess 14l a%ﬁkﬁr é@gcﬁe%ﬁ,'ﬁ% attllgﬁ ﬂ% ress c@%ﬁ b‘?ﬁ‘:&f"% | F2PP6%i de an

conseputxve
i ncrement{ ﬂﬁb‘éer UPR ctfhéh’élﬁi”f ?%Itﬂ S?Hf‘ﬁel“l\/ﬁ@"' FoFOUPAPE cttatfend.gEe  SDATA
frame is 'Eti"zfnﬂs? talddstatdAng Mithothe B RIP aopnld have .20 gomucnheepseseon at i on
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in sequence for lost data if any encouatared ELSE Link Control begins error
recovery reformLin,Ic Control np transmt canfixma.tioa avail able Lick
Cpatroi begins polling &queace. ELSE GO Hack and RETRY RTS again ELSE wAI T
FOR | DLE MEDZti M Process 2s Grounca9ting with SPOLL a§di MS Maxi y
net wor ki ng prQocal S use the concept of group addressing or nulticaat

addr essi ng sah~a0.es. ~'he basic principal fe that you provide a unique
address shared by nultiple stations. ~1h$n data is sent to the group

addr ess all stations listenir on the group address will receive the data.
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t hat the tran%? asi @3a_n-~ 'w{ Fs&g?”'t' Leé nt eglded reoc§ i,~r $r.s. 11 APR
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station ®Me.ni|l| then tez~nminate the reservd,tioz~ by using the EO8 | EO80
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aaility W%Estatipn (B) explioitly to receive the 9EQ
resuit$ pr 1t nmay rely on the seQ field in the 80$C franme. Providing Che
SEA field an thg EOHC wouy ~, maate the e ngthe tation used
to establish %‘hg aﬁ“&&'@?‘%xaﬁ““%ﬁ“ﬂf 2 P“%ﬁ"’g?‘ét"?og%e r?ﬁg%“& PR, Y888 %1 d tho
reser vat STRRIPARLAN KBRS querasnes: aiffipel Y epcpuptrened t"-hﬁ’-opﬂﬂé' gpbetnd i nk

| ayer thés Stapeble of atiavinmsignifidaghinerfommagie @easynsedsin ciramgedf t k~. e

i nt eD. dednemighphiticyatms Ot her actions ase required at the link |dyer.
However, if delta | ose was detected then the link | ayer can performit's
error recovery procedures. |la the exanple Shown in figure 4 you can see a
situation where Station (A) and (C) received all 4 franes correctly in
their original seQlenee. However, station (8) only received tlxe First 2

~ ~ ~~ ~t zov~ 12 frarres correctly The Iank Iayer carr note use this
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|F ( CTS Fratae repeived ) Set BEQ counter tc~ D in |ot SDATA franme Send
SDATA frane with Group address LOOP xncre~eat 8%$Q counter Send 9DATA frane
wi th, group address Repeat |oop xuatil dll SDATA frames transmtted
ENDLOQ~' POLL LppP Send Pall frame to renote station using unicagt address
|F (SRCK frame received fromrenote station.) , Extract hfﬁf\(g 0@31 from
the received sACR fx~me LLSE IF (poll retry limt exceeded e on to the
next static~z~ tv poll ELSE resend the poll frane Repeat POLL LOOP for each
menber tu~til all SPOLL frames transmtted END POLL LOdp SEND EOH Frane xF
EQgC Frame received ? Extract the 9EQ (field fromthe receives ECSC frane

EtL BtE, I nfor kabg tQQBéézﬁ log Néhet immn B 1 dd¥Bh | R¥tnaMasdX dbfimfi B4t doar get
station Ljn ri i gﬁﬁg;

Li nk. OonHP er‘i‘ﬁrr‘bé1 gs”q"rﬂé:ge A li{c’}ga E(eérgf:Ic‘:('e}I Sre uﬂ%t h\_l nak-g%ont r ol
begi ns erP%ﬁtqcéEO\}éth’f"&x“T’tﬁ‘é‘F‘%FdPﬁ 1R \REERS I FE?(’%’H’dFE "0 Hack

aad R>; TRYbEW iy @i sudtesSEul\\RpgequerRiqn PlatheavEptiumend in which dﬂ"—a
transmission verification is performed by the protocol within the

reservation. In one embodiment of the method, a station in tha network
that desired to make a reservation of the medium for communicetion to
another station would send & request meéssage on the communication medium
for a reservation of the medium from one station to a recipient station in
the network. The other station, the recipient station, would then send a
reservation confirmation.mesgsage which is received by the station
requesting the reservatian, and which responds to the reservation
confirmation message by sending an ordered sequence of data frames
(preferably sequentially numbered) to the recipient station. after
sending the ordered sequence of data frames, the sending station sends an
end of transmission message (an end of burat message) to the recipient
atation, which coafirms it by sending an end of transmigssion confirmacion
(end of burst confirmation) to the sending station identifying the number
of frameg received in their original sequence.

Preferably the end of transmission cowfirmation from the reciplent
station identifying the number of framesg received in their original
sequence accomplishes this by identifying the next frame expected in the
gequence, from the sending station. If the next frame jdentified is not
correct, i.e. is a frame pumber other than one greater than the last frame
in the sequence that was sent (indicating that some data is migaing or out
of order), then there apparently has bheen a communication failure and it
is preferable for the sending station (foxr instance, by its communications
facilities) to be capable of responding to this problem (for instance, by
virtue of either its hardware or software design, e.g. in the control or
1ink layer initiating c¢ommunication, on receipt of the end of transmigsion
confirmation) .

[}

preferably, the station will cause the trangmission of the remainder
of the ordered sequence of data frames to the recipient. In one approach
to this the communication facilities are adapted to cause the injtiation
of a request for reservation of the medium to send the remainder in @&
gimilar menner as the original transmission was accomplisbed.

another aspect of the invention provides a method for multicast
communication between a preselected group of stations in a comupunications
network using a medium for ¢communications in which a station that requires
commumnication with a group of stations sends a raguest message for a
reservation of the medium addressed to a target station, which responds by
sending a clearance to gend measage back to the sending station, which
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inQ All MAC | ayer protCcols use sone form of addressing pxocea$ to uni QUely
identify each station. Typically a link protocol would be responsible for
identifying address coilisit~us and taking procedures td resolve them The
benefits of this new ~veat~on is the MAC will be able to fqt ?ﬂDRanWQesol ve
the address confl xCt qui cker aid easier than a upper |ayet 'LI'nk ol
protaaols. Al so, the MAC protocol will prfovide a |ocal maypir~g of the MAC
address to isolate the dynam c process fromthe upper |ayer protoao5.. This
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pseudocode gé%gg es _have beet gz vi ded T,or. _a aubxe thorough unde~staudi . ng
of descri B& Bth AEHES FBFEAVRB THhRRt IO b BN phI 9TAEF | Ryt they

ri seudoco¥®F®\iFPthHe evident to those skilled fn the art., as~depending on
the ob~eGives and equi pnment used for communi oati pns network atat~.ons the
pseudocode coukfl tne asadttaisribeidead e seddesasellyntsampaecadle o har dwar e
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frarraes ?%“ slgﬁdsﬁ'aé:é?rbireeﬁ?“ssta? r??h?i? é’rf géen |(ri1)€fd§§| %:%'rgdered sequence of

data firarrAes sends an end of transnission nmessage to said recipient
station; recei 98 agpedn@f ofhe ABYRANIGR | heTele oHCPERRTRreh Teshrraili titiedi pi ent
station i dext mightnetiemdnimvenind layendsitpex aiivelkasnMa @rotagulgi Wdile it
sequence aasl nbbeagpaxénd tARE tRXP pedadH) was it kaBIR AR CAbsdqueita yRipaase D f
claim | wapldi 91 SOFTMINC Blbddimbd €t 360 a0 he P RBRed  khd 2 8 5n SAlclnt ,
comuni capl ol FEfla WPELE B3 I iR WIRLEA) 8 uld 1l GANTL! o TRADG S
adapted to respon:? 0 recelsgt of saird en transm SsTon confirmation if
sai d nunb8MSE fomafERen S¥ees, 0f MAF PREYGCHP| thafalay dftiun &4oh SLAEERY t han t he
nunber of Hewevaretheyr ¥ifilnaet pesdigeusged Mhaedataifiolexs. ThemephgdsPesaziihedai d
cor nnt ui | betdiancdn bk wsednts dnpredl pesoradaps cdebsuredule tielmws tafansn ssi on of
the renai epfughputdalislivy 4669 oL HIGPErs BhabiiAstfiRSa MACSHStoESL] Rhedt . 4.
2dapted © g e geatfinls bali st ElER e AN o0l chTte Gl L WY 18
P Rocor EaES e Tl S Sl B dHIce o plob3sl Wb hediadl O T
wher ei n sBPRCPP A ERAR 93FR eXED¥E-a clearance to send request transm ssion
over said nedia addressed to a recipient station; receives a clear to send
message from s@hel sequdnuied Patst Marafer esips nalidowe thecidtoofersiaMac cdleear t o
send esGagghenkaiNaash ErAafés Ain8ide RY réaitPabod af8 GpeeNtiRlahy fUMIBLECE-SLT | €S

of data fraMRe f& $eLEdneHdlicaRing FhiBlerS PRI JudilabB11Y HAQehT@TES.




1~ _'"i 1 APR Q03 sends an end of transm ssion burst nessage to said
reci pient; receives fromsaid recipient an end of transm ssion burst
~rressage eoufi~-mation idc;ntifying a frame nwber that is nest in
sequence to the nunber of the |ast franme received by j d et for
those frames that were received in their original seqa?‘wtmm. 6 The
nmet hod of claim5 wherein said first station is adapted to respond to said
end of burst nessage confirmation if sai & frane nunber received is not the
next nunber in sequence to the nunber of the last frame originally sent. 7.
The met hod of claim®6 wherein said communication link control neans is
adapt ed t geqasrss.t Beid riansmcspl Gihe@fbit helngeangEgndieldoin Sdiedbmivdef athe MAC
sequence ghafRirdahé AP Aek ndAinl fQEEDI26Nfhe BargbleroBet hasbonke Hrand chrhdy €i N

sai d COW?LC &u%ﬂcéiﬁ‘&u%’é‘;e&&{ tgggag%gieg aq._qilp&gd to cause the initiation of
the tak

a request Tor reservation of sai ifumi1n accordance with claiml to send
said remainder. 9. The nethod of claim11 for nulticast commuztication

bet ween a pr es&MEcPFERPRGREE FraRaLexi BOGR BFAINEY HMEGHISVeh S ItRIfeTttisary
first statigomusaeddsess)r dave srenafes aprockes whicke sep\xovide dhmadipge nta3vam

addr essed stc fort degiiack abit0R; MACC a8 ESom eabk alembexr denche ytdiSagititcrsn sai d
target station; responds to said clear to seztd nessage by sending a nunber

of sequenced Oler £ iRl Ehedle f13h 8ot R 158 ndo RIS BHRARES Hhkandln el Pi ent

stations; galls se o’gﬁ%’@i st ati1ons t sall_%dﬁuqre %Igc ed gj{grtg)?“f E}tlea Lons
request i nBeEERTHLHAE t 2HF PSR r g'é@f’uen’c Bary ot Faife s 888f ved
by sai d sefecehedASIREQteRel bii -Seddiirl SERTHRgPFIaRYs Vi nthe, Mo Aty RredidRsed
to sai d sal detaldaddeds=onsphingsedide prhes bink pdérageouy the lochhMARt 2d8ra8$ ons;
recei ves gpaheRtecesdd@sl & dgpbitatt s sadeas f theniemil dadiiesst elh1e tvilll o ;
repeats S@pdafdduhe UsenapBes 8PSy ¥hb idewaibl s8baGketh shatipns. aheSeindlict

presel ect g.gagfu&qug?éﬁ%eg%l q&nﬁ?a\{gop&%a Ak Bl ugﬁ}fﬁrmcsmdu%x iaSiriny |

message tO _Sal ation, for tez-m nation e reservation of said
medi a; r eB8F VYL ARE RYSFRRRE 8 T8nTPRRti on from said target station
identifying as a fta~me nunber' a xrunber that is next in sequence to the
nunber of DehgiledsPedarimtion b phed Freferxned) Frnedimeatht for those frames that
were received izt their ariganal sequential order. -16 - 1 1 AP R 200 10.
The nethod of GlatmlP J6RELQI e GATIUN e ANt indEns@NbE CdheNBARALLGH LBMES

sai d communi eatl,en. MR caGILLP 2 fr GOV NIERPBE]di1BK E&Rdihg ek MEANS 1S
adatedtSPesog‘f‘%%re el pt o%esﬁ? n%q?}ltrans S f on if
saig nunb &FS%T aﬁ'ésmrgeﬁﬁ?@éauﬂdr‘i '?'hheel AR “sare&l%eénag)e;rgg e"s %h n he
nunber of t¥Pe#eSOBETQ FEPRSE shepder 1and ¥RG bRty Biglcy, sc*]ﬁi“ﬁtﬁﬁe&h%} 8FR2

Sai d
communi catihoMidunel - contra) xneaus is adapted to cause the transm ssion of
the remai nder of said ordered sequence of data franes to said recipient.
12. The net hod Wires! miwncidnahigpa Resaiidvanenntoicaatlinent ithk Mgnprarecakans

| s adapt edigf01 ¢ AsCeddifenkBd iDafl | 2AmPT (sBATAUSSIueha BEEE¥¥akd QBPOAL) S @hdl
medi um in accordance, gz th ol al m 9510, Send sapd LG b haeda df Znet had
of claimF*fo EWEI L Ay ni catton between a presel & teg royp of said —
pl ural i ty S6RUERGH Fopta wherRints Resngaddedsto SpaMAGHPAY, tg“?r ’ﬁf%ﬁst ssage
for a res&®eabifnamefisai dipmpgi kandaddridlst Femete upifagst deatdiproor pEEEPTes a
clear to seal feadagmtfainad Sai the NAg&odst Ihe OFACKr Smentss at imiedheddenr to
send nmessg@enbihes eBEbNY vaifistbRfuret ssUeNqss) ahder etdodYdmRSsidehtiaiats o
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Proceas 1: Sacuenced Data Transfer Modes



said target station for term nation of the reservation of said nedia;

receives an end of burst confirmation &m said target station identifying
~as a frame nunber a nunber that is next in sequence to the nunber of the
| ast frame received by said recipient for those franes that were received

in their. original sequential Oder. 1~. The net hod of m%ﬁm
comuni cation link control rrteaz~,s initiates said co t hod,
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reception of the EQB frame (B) will return to (A) an EOBC to complete the
termination handshake. The EOBC returned from (B} to (A) will comtain a
new SEQ field which will indicate rhe number of frames received
successfully in their original sequence during the resaervation bursat. The
SEQ counter on both statiomg will be reset at the end of the reservation.
The sequence counter could gtart at any known position, the typical value
used would be zero or oné, If a station (A) were to send 4 frameg to
station (B) upon terminating the reservation the target statiom would
inform the requesting station of the next frame expected in sequence. If a’
frame was received out of sequence the target station (B) would stop

7} incrementing it‘s sequence counter and tell the reguesting station (A) to
retransmit at the point data waa received out of order from it’s original
gequence. The requesting gtation (A) can pass this information to the Link
layer user of the MAC. If the user of the MAC is informed all data frames
were received correctly it will no longer be required to poll the remote
station to discover this information. The polling requirement would now
only be necessary in cages where the EOBC frame was lost. Two possible
outcomes can happen at station (A). If the EOBC frame was received by (A)
then the link layer will know immedjately which frames were logt and can
begin error recovery immediately. However, if the EOBC frame wag Jost then
the link layer will not khow which frames were successfully received and a
polling sequence would know be required. This complete process will
result in a valuable reduction in Link layer ovaerhead and reduce the
amount of time the atation would apend contending for the media.

Pseudo Code Explanation for Sequenced Data Transfer Mode:



communi cation iri accordance with claim1 between a plurality of stations:
conprising communi cation frame neans far transmtting information between
said statia~ts, said frame neans conprising: sequenced data nanes i ncl udi ng
data sequence inormatiaz~; an end of iraasm ssian confirmation frane
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provi di ng | ocal address nxapping at a station using a T~ink address and a

| ocal nmedia address for responding to detection of a duplicate nmedia access
address said | ocal address table will be updated and remappad using a never
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plurality of stations: conprising comunication frame nmeans for
transmtting information between said stations, said Frane neans
conprising; sequenced data franes including data sequence information; an
end of transm ssion confirmation 11 AP R 2003 -2a frane including

sequence i nforn~ation identifying the next franme expected uence
of information received by a station from which said frarrl MPEZBBS

Commnuni cation nmeans for use in a nedia &&cess protocol for perforni ng
conmmuni cation in accordance with claim1l between a plurality of stations.
conprising comunication frame means for transmtting information between
sai d stations, Faithif meweesmans iddnpristieAgin sequendeduninisaufdeageseionckandi ng
dat? Zequewm cmft@nag}droand aﬁaeﬂ:;i ezgweam{nw&ahoil t@gggud@;é@qa raﬁgf
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associated to the specific group address. (A) will then proceed to poll
each individual member of the group. The polling procedure is completed by
(A) sending an SPOLL frame to a target stacion identified by the unicast
(DA) in the MAC body. Thd target station at which the SPOLL frame was
directed will reply with a SACK frame. The header of the SACK frame will
provide the SEQ field fram the target station and will identify the next
frame expected in sequence to be received by the target station in this
reservation burst. The bady of tha SACK frame will include the (SA) field
for the responding statiom and will be identical to the (DA) provided in
the SPOLL frame, A timeout facility has been incorporated on the
requesting station (A} to handle the case where the SACK response from (B)
may get lost and not be received at (A). In auch cases (3) could attempt
to retransmit the SPOLL frame within the reservation and repeat the
previously deascribed procedures. A retry limit would be defined to control
the number of times (A) would be allowed to attempt to get a rasponse to
the SPOLL. The SPOLL and SACK exchange between (A) and the next target
device would then be repeated for avery unicast (DA) address included in
the group. wWhen all target devices in the group has been polled the source
station (A) will then terminate the regervation by using the ROB / EOBC
handshake termination. The requesting station (A) also has the optional
facility of polling the target station (B) explicitly to receive the SEQ
results or it may rely on the SEQ field in the EQBC frame. Providing the
SEQ field on the EOBC would eliminate the need of polling the station used
to eatablish the reservattion. After all stations have been polled and the
reservation has been terminated the MAC will report to the upper Link
layer the status of the transmitted data. If all stations received the
intended data then no other actions are required at the link layer.
However, if data loss was detected then the link layer can perform it‘s
error recovery procedures. In the example shown in Eigure 4 you can see a
situation where statian (A) and (C) received all 4 frames correctly in
their original sequence. Howevar, station (B) only received the first 2
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IF ( EOBC Frame received )
Extracat the SEQ field from the received EOBRC frame
ELSE
Inform Link Control no trangmit confirmation available
for target statiom
Link Control begins polling seqguence for target station.
Inform Link Control number frames recelved in ‘sequence by the
group
Link Contraol begins error recovery for lost data
if any encountered

ELSE
GO Back and RETRY RT3 again
ELSE
WAIT FOR IDLE MEDIUM
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frames and the SACK frame. If a (SA) is detected with a matching value and
the frame is received without errors (ie no CRC error detected ) then the
conflict is detected and reported. The MAC protocol performs this chack on
every frame received carrying an (SA), Upon detection the MAC will
reassign a new value for it‘s own MAC address and update the address
mapping table. The MAC atation would also need to inform a)l stations it
wes in communication with of it’s new addreas. The process could also be
applied to resolve duplicate addresses on behalf of other stations in the
network. This would be agcomplighed using the address mapping table with
Link Control and MAC address pairings. A received MAC addregs paired with
an LC address different than ldentified in the address table would be used
to identify the owning atation of the conflict.

e

In the preceding description pseudocode examples have been provided
for a moye thorough understanding of described embodiments of the
invention. variocus applications of the pseudocode will be evident to
those gkilled in the art, as-depending on the objectives and equipment
vsed for communications network stationg the pseudocode could be wsed for
the basiz of software, micro code or hardware implamentation.
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stations obtaining a successful reservation of the medium and in which data
transmission verification is performed by said protocol within said reservation,
comprising: a method in which a first station: sends a request message on said
communication medium for a reservation of said medium from said first station
to a recipient station in said network; receives from said recipient station a
reservation confirmation message; responds to said reservation confirmation
message by sending an ordered sequence of data frames lo said recipient station;
after sending said ordered sequence of data frames sends an end of transmission
message to said recipient station; receives an end of transmission confirmation
from said recipient station identifying the number of frames received in their

original sequence and the next frame expected in said sequernce.

2. The method of claim 1 wherein communication link control means initiates said
communication method, wherein said communication link control means is
adapted to respond to receipt of said end of transmission confirmation if said
number of frames received in their original sequence is less than the number of

frames onginally sent.

3. The method of claim 2 wherein said communication link control means is
adapted to cause the transmission of the remainder of said ordered sequence of

data frames to said recipient.

4, The method of claim 3 wherein said communication link control means is
adapted to cause the initiation of a request for reservation of said medium in

accordance with claim 1 to send said remainder.

5. The method of claim 1 wherein said first station: sends a clearance to send
request transmission over said media addressed to a recipient station; receives a
clear to send message from said recipient station; responds to receipt of said
clear to send message from said recipient by sending a sequentially numbered

series of data frames to said recipient: after sendine said series of data frames.
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reciplent an end of transmission burst message confirmation identifying a frame
number that 1s nex! in sequence (o (he number of the last frame received by said

recipient for those frames that were received in their original sequential order.

The method of ¢laim 5 wherein said first station is adapted to respond to said end
of burst message confirmation if said frame number received is not the next
number in sequence to the number of the last frame originally sent. 7. The
method of claim 6 wherein said communication link control means is adapted to
cause the transmission of the remainder of said ordered sequence of data frames

to said recipient.

The method of claim 7 wherein said communication link control means is
adapted to cause the initiation of a request for reservation of said medium in

aceordance with claim 1 to send said remainder,

The method of claim 1 for multicast communication between a preselected group

of said plurality of stations whercin:

said first station sends a request message for a reservation of said
medium addressed to a target station; receives a clear to send message from said
target station; responds to said clear to send message by sending a number of
sequenced ordered frames of data to said preselected group of recipient stations;
polls selected stations in said preselected group of stations requesting
acknowledgment of the number of sequenced data frames received by said
selected stations by sending polling frames individually addressed to said
selected stations in said preselected group of recipient stations; receives sequence
acknowledgment messages from said selected stations; repeats said previous two
steps until all selected stations of said preselected group of stations have been
polled; sends an end of burst message to said target station for termination of the
reservation of said media; receives an end of burst confirmation from said target
station identifying as a frame number a number that is next in sequence to the
number of the last frame received by said recipient for those frames that were

received in their original sequential order.
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10. The method of claim 9 wherein communication link control means initiates said
communication method, wherein said communication link conirol means is
adapted to respond to receipt of said end of transmission confirmation if said
number of frames received in their original sequence is less than the number of

frames originally sent.

11. The method of claim 10 wherein said communication link contro] means is
adapted to cause the transmission of the remainder of said ordered sequence of

data frames to said recipient.

12. The method of claim 11 wherein said communication link control means is
adapted to cause the initiation of a request for reservation of said medium in

accordance with claim 9 (o send said remainder.

13. The method of claim 1 for multicast communication between a preselected group
of said plurality of stations wherein: said first station sends a request message for
a rcservation of said medium addressed to a target station; receives a clear to
send message from said target station; responds to said clear to send message by
sending a number of sequenced ordered frames of data to said preselected group
of recipient stations; individually polls selected stations in said preselected group
of stations requesting acknowledgment of the number of sequenced data frames
received by said selected stations by sending individual poll frames addressed
respectively to each said sclected stations in said preselected group of recipient
stations; receives sequence acknowledgment frames from said selected stations
that were polled; repeats said previous iwo steps until all selected stations of said
preselected group of stations have been polled; sends an end of burst message to
said target station for termination of the reservation of said media; receives an
end of burst confirmation from said target station identifying as a frame number
a number that is next in sequence to the number of the last frame received by
said recipient for those frames that were received in their original sequential

order.

14. The method of claim 13 wherein communication link control means initiates said
communication method, wherein said communication link control means is

adanted to rasnand to receint of said end of transmission confirmation if said
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frames originally sent.

15. The method of claim 14 wherein said communication link control means is
adapted 10 cause the transmission of the remainder of said ordered sequence of

data frames to said recipient.

16. The method of claim 15 wherein said communication link control means is
adapled o cause the initiation of a request for reservation of said medium in

accordance with claim 14 to send said remainder.

17. The method of claim 13 wherein if an acknowledgment is not received from a
polled station within a preselected time period said first station repeats the

polling of said polled station.

18. Communication means for use in a media access protocol for performing
multicast communication in accordance with claim 13 between a preselected
group of said plurality of stations: comprising communication frame means for
transmitting information between said stations, said frame means comprising:
sequenced data frames including data sequence information; sequenced poll
frames addressed to selected recipient stations respectively, sequenced
acknowledgment frames addressed to said first station including sequence
information of information received by said selected recipients from which said
sequenced acknowledgment frames were sent; an end of transmission
confirmation frame including sequence information of information received by a

station from which said frame was sent.

19. Communication means for use in a media access protocol for performing
communication in accordance with claim 1 between a plurality of stations:
comprising communication frame means for transmitting information between
said stations, said frame means comprising: sequenced data frames including
data sequence information; an end of transmission confirmation frame including
sequence information of information received by a station from which said frame .

was sent.
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process provides a mechanism to perform media access level address conflict
resolution by providing local address mapping at each station using a link
address and a local media address whereupon on detection of a duplicate media
access address said local address.table will be updated and remapped using a
new media access address in said table.

21 Apparatus for communication between a plurality of stations in a cornmunication
network using media access protocol, in which medium access is granted to
stations obtaining a successful reservation of the medium and in which data
transmission verification is performed by sdid protocol within said reservation,
comprising: requesting means at a first station for sending a request message on
said communication medium for a reservation of said medium from said first
station to a recipient station in said network; receiving means at said first station
for receiving from said recipient station a reservation confirmation message; data
sending means responsive to said reservation confirmation message for sending
an ordered sequence of data frames camrying ordering information to said
recipient station; reservation termination means for sending an end of
transmission message to said recipient station after said sending of said data
frames; and, for responding to an end of transmission confirmation from said
recipient station identifying the number of frames received in their original
sequence by identifying the next frame expected in-said sequence for the
termination of said reservation

22 The apparatus of claim 21 further including end of transmission confirmation
" means for generating an end of transmission confirmation message identifying
the number of frames received in their original sequence by identifying the next

frame expected in said sequence.

23, The apparatus of claim 22 further including means adapted to cause the
transmission of the remainder of said ordered sequence of data frames when an
incomplete sequence of frames is received.

24, The apparatus of claim 22 further adapted for multicast communication between
a preselected group of said plurality of stations in said communications network
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said ¢lear to send message by sending a number of sequenced ordered frames of
data to said preselected group of recipient stations; polling means for
individually polling selected stations in said preselected group of stations
requesting acknowledgment of the number of sequenced data frames received by
said selected stations by sending polling frames addressed to said selected
stations in said preselected group of recipient stations; sequence
acknowledgment receiving means for receiving sequence acknowledgment
messages from said selected stations; end of reservation burst messaging means
for sending an end of burst message to said target station for termination of the
reservation of said media; end of burst receiving means for receiving an end of
burst confirmation from said target station identifying as a frame number a
number that i next in sequence to the number of the last frame received by said

recipient for those frames that were received in their otiginal sequential order.

25, The apparatus of claim 24 further including means responsive to receipt of said
end of transmission confirmation if said number of frames received in their
original sequence is less than the number of frames originally sent and to
transmit the remainder of said ordered sequence of data frames to said recipient

during a subsequent reservation.

26. The apparatus of cleim 21 further including means for address conflict resolution
process comprising: means for performing media access level address conflict
resolution by providing local address mapping at a station using a Link address
and a local media address for responding to detection of a duplicate media access
address said local address table will be updated and remapped using a new media
access address in said table.

27, Communication means for use in a media access protocol for performing
communication in accordance with claim 1 between stations in a network of a
plurality of stations: comprising communication frame means for transmitting
information between said stations, said frame means comprising: sequenced data
frames including data sequence information; an end of transmission confirmation
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28. Communication means for use in a media access protocol for performing
communication in accordance with claim 1 between a plurality of stations:
comprising communication frame means for transmitting information between
said stations, said frame means comprising: sequenced data frames including
data sequence information, an end of transmission confirmation frame including
sequence information of information received by a station from which said frame

was sent.

29. Apparatus of any of claims 18, 19, 21, 22, 23, 24, 25, 26, 27, or 28 wherein said
apparatus is embodied in programming means stored on a media capable of

being used by stations of a communication network.



