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JFOR DETECTI NG DELAYED DATA FRAMES UWWHWWWW FUNCTI ON 5 BACKGROUND OF

THE | NVENTI\QY 90A876t> 20 25 30 35 4 the Inventio ];??‘
I nvention pertallj(’ns generally to the fie W'rel ess commnlr}g 39@ﬁ§§

nore specifically to detecting del ayed agb frames in a transport functlon
1. Background The field of wireless communications has nmany applications
[ [ cordless tele hones | oops, and

i ncludi ng, e.qg. wi rel ess | ocal

satel i re SABTHED BOR JIESHCTANG DELATEL DA BRA NS 1008 on | s
cellular tel ephone systens f[q{Awgp@unpmq@pI@.N(As used herein, the
term"cellular" systens enconpasses both cellular and PCS frequencies.)

Various over-the-air interfaces have been devel oped for such c
'Ele:::)&%?ontel i}és'([jle\r/r:ss: g(rzll uding, e.g., Frequency division mul '\[/: E: gna(r:ruwww ’Wm”/"m"/

accessS( CODVA). In conr@ﬁ%ﬁiﬁmqﬁm&ﬁm@ and i nt ernat i*fiesh

st andards have been established including, e.g., Advanced Mobil e Phone

Service (AVPS} FiHPBRLSY Y &MRPr Mbile (GSM, and Interim Standard 95
(I1'S-95). In particular, 1S-95 and its derivatives, such as |S-95A, 1S 95B,

ANS| ~J- STD- 008,y S p‘%%serlt 1%53 tidy>: 68 8l e n&%ﬁ 'i]ort?lfeeﬁ{e %ﬁ?élés%c“"e'y
gated by the ry

herein _as |1S95), are Fees ni cat

Associlt i G@n(mun}caémsw%rmwa squ@rfml\lyﬂ%%rsmgg ISEéHV@Si f@@l r'«un@ﬁ in @ ephone
syst ens cqﬁﬂ@&e(yuhm@@cordance with the use of the I S-95 standard enpl oy
CDMVA signal processing techniques to provide highly efficient and robust
cellular tel ephone service. An exenplary cellular tel ephone system

conf i gur edl.subsianiigralhg i n accordance with the use of the 1S-95 standard
is described in U S. Patent No. 5,103,459, which is assigned to the

assi griée of thelTher efielt ohveirelesn &mhrhuhhqatidmorbm ah&dmyhea plicdtions

et e Tl o S  Bl SHARES ARy Bopl oL
rever se- | i99RMMINGeRiOD r YSEEIBS. ng"tlIPlﬂréIC@Bm bﬁﬁlﬂftﬁlﬁt ?Elqll@asthmesfé: rcﬁﬂééﬁrl n US.
Applicati Q@le%%b’\h/gjuﬁb(en@s@@ﬁ?mégﬁe fsu‘ﬂ)é%@hb@?ﬁen@% edl $RfeineNiHet |t8Fm
:\A:\I;ZL%EBEeEEEr sbjsfa‘ %%%%gl 3 Baéwil %T\?lar B! P@s e%rsesql 2ncies ())f Vtapl%up resent
20 over-the-air interfaces have been developed for such cellular telephone
systems including, e.g., frequency division multiple access (FDMA), time
division multiple access (TDMA), and code division multiple access
(CDMA). In connection therewith, various domestic and international
standards have been established including, e.g., Advanced Mobile Phone
25 Service (AMPS), Global System for Mobile (GSM), and Interim Standard 95
(I5-95). In particular, IS-95 and its derivatives, such as IS-95A, 1S-95B, ANSI .
J-STD-008, IS—99., I5-657, 1S-707, etc. (often referred to collectively herein as IS- o
95), are promulgated by the Telecommunication Industry Association (TIA)
and other well known standards bodies.
30 Cellular telephone systems configured in accordance with the use of
the IS5-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust cellular telephone service. An exemplary cellular
telephone system configured substantially in accordance with the use of the
I5-95 standard is described in U.S. Patent No. 5,103,459, which is assigned to
35 the assignee of the present invention and fully incorporated herein by
reference. The aforesaid patent illustrates transmit, or forward-link, signal
processing in a CDMA base station. Exemplary receive, or reverse-link,
signal processing in a CDMA base station is described in U.S. Application
Serial No. 08/987,172, filed December 9, 1997, entitled MULTICHANNEL
40 DEMODULATOR, which is assigned to the assignee of the present invention
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.Systens, over-the-air power control is a vital issue. An exenplary nethod

of power control in a CDVA systemis described in U S. Patent No.

5, 056, 109, Wh?¥#7fk assi gned to the assignee of the present RGREsMd1OMW8and
fully incorporated herein by 5 reference. A primary benefit of using a CDVA
over-the-air interface is that communi gati ons are conducted over the sane

RF band. For exanple, each nobile subscriber unit (typically a cellular

t el ephonejnd rruaygrw@rpoesdeaurt@reut eiyed@macéytﬁ TDNER soORPLNIRRAFGhuidip t he
same base station reverse-|i kSEIP%nal over the same

ti ng_a

105 Mo BPVAE OBERY il e | N efemBliRt e g (ATl Ssk em can
comuni caC®MAL srtmhust éeacribed 1hyUtSr dregentt Non§,(56f168werhdet iiskss$ggahato over
another 1ug5, J?Ftr&p%%{e v ntilr %'11979 1&&&88&%&"’?{&&#9 ame RF
spectrum pr oV des vari ous ene S 1ncluding; e.g.: increase 1 n the
frequéncyraferggweof a cel lul ar tel ephone syst em and the ability to conduct

sof t handoff baf we Bflary MBoréfit "B %strggea %tmon%%erltﬂerae@se@eﬁft&qqmﬁxtre]yse

al l ows a great er 8 be conducted over a given anount
spectrumC(S@Fft‘uh’éﬁHSF? 3re candlypiest ower Hwasane 1k bang; oﬁﬂrr@a@mbﬁr@ uni t

fromthe ﬁfbbereagﬁbs:thear Qfnitt sz&lgr awmmlhaseteph@hepnﬁ & hateh nvaluigs
si mul t ane % interfacin t WO . bat?e Stan fﬁ In}g:ontr?ai_{ h%h

handof f i FYOPVRRE ¢ S¥HFRatS Hg %‘WW% acd! €a St PaEs TR § Bh before
est abld shimgsthiging heelerse-link lslgnaée:tmndhbmmetla%r M2 oARFespeqtany net hod
of perforging,d féac!ﬂa&%s@fsfcatlcﬁt @lﬁss%r?bfgrvétexﬂ ééﬂscorﬁgﬁlﬁﬂtcatyow@t nc(?jb ?%r y

whi ch is assi g@F € ass) gnee resent Invention a
i ncor por atBYS hY Hianspyttings ar ﬁ&’e“r ml‘Uﬁtﬁé‘@l QY& | anaghen nk2] MW?%tRaﬁtdar ds
(referredspécthemei nafter coll ecti vel y as | S 707) an | S-95- corrpl | ant :,'

conmuni cat onsrsyst em. [ bt c ata co

services. Dat aTr% 1§ g’ﬁtagslgsocej%/rr CE: Sxﬁeo?‘vl:gf%? Eﬁmdgf% aré?(%shanged
usi ngia rbereefvterlr@b@ng 3rg RN mceﬁe&sace\ tthe ofrequengybrreuse anfsm ¢etlbriar

Exanpl es EHler'Bh‘&té e aFngﬂhbahbfﬂﬁ& qot dRIdRRL |6t hﬂﬂalﬂft beQvdis! Bt e | S‘ 707
standard i ncl ude c uter files el ectronic . I'n accordance

both the MrEsb %ﬁ?d“%%? l'écirﬁﬂ%"affg‘éequ@ﬂéy Jeise éHBWén‘béaearf%’t \ﬂé‘é‘ﬁ" R}Nr el ess
terninal ediib to bagendticted @ver sa Riveresseount bf 3pettranes Sofiohandoffasea t he

l'i keli hoo t y u ta
transni sor e rRepl AR heitoRf Sl IRERRS i ét%fﬁﬁﬁ@“ QB b
framed) t r aRSAPEG @Gs%ﬁ@é@%f’lli‘laltym"é?h‘épst Sipuitapeapsl B’ah%ter Egn SNt s when a

fL ane is Bgde étéﬁaﬁéﬂ Khe@br&tlﬁﬁeﬁéxfwhhb(doﬁﬁhbam Séirtrﬁﬁahﬁ Pigef Q’{tgﬁ‘dcélp to
three times

beT soo) THbd $13E Bafsstfit Hrte® elblsting the ihtsriask o Bhot Soroq dake
addi t i onabtagioaps An exemplaryt methedeffpen rmmgngmtthamiqfé isdesadsduiny. In

or der to U@CPaM'tQ‘@ofSQEfP%Ih%ﬁm@P%Pa&s‘i 6ttﬁé’ a%Hi“g?@escfoﬂHngrés%W calls
f or ht-bjt s (%I_Hence nunber t as a frane header 5 in each

fra ra SRTERyane helly dReATROEA R F“t y,rﬁ ’é?ﬁ@nted for each franme from-0
to 256 and thelndesethdalk99 oandr dS-787 utmuiacdss(refdryed r anshetdindftér ane is

det ect ed WhRE:fcly 2P 147, 2 O1d-o8lofilRky S COHERERIAMIRET dySoghyed. o

an error IS usin &cksu orfati on or of he

det ect i onPﬁ@:Ylﬁl@ds boﬂhcé’om uRBdc c sasF ulqoyumentcraetmm ttsédwfc?sarre i Paget ect ed,

t he recel M&tmtuﬁl@&rrmtsssévrtegeubwa tutvaaeﬂwemaﬁgw rb&eilvBe
i.ncl udes t he sequence r.ane tha[t was

trans mﬁéh gut Q?&F
not r e| 9 interface; 10 QN (e T ARYPHFS R tgxtrﬁﬁ’ elsr 9 BHUEE ng the
sequence dtgrtrdrdm typitaglynahhsmitted simirtgt e . [S1707t Stend atdr mehrdd techfutarre i s
not recei 1?& SHE GE oﬂéﬁhaﬂa second 15 negative-acknow edgnent nessage is
sent to the transm The transmt _system tcépr cally responds by

y

notifying the J:lﬁ)nftqudﬁrﬁg wighl ibosh i e &7-9Peandrie-THy stangprdhetheaidata
transm ssgQtha G%ett@eﬁ%w@fﬂeésstgr@?maf AAES Bse SthAHR Nkt hRibesHRECIIRVETY

twenty_ m I | i secon s (ns Thu t - bit s uence nber can t ack Z56
1 ame Dot Lpetnisbise 3% ; USUSedhatiay: o paime pib B cuiaesraly
typi cal | ytrambiritteg rluring aldtafwm-antsmxt.s@@h fISam drh hi?@‘léﬁadjﬁ lirck lpeod:ebect ed,

umber  pr OGP AR 3t Ptbreﬁrntern% pEftsed b SRR b Ohe Erabivence

retransm tetpangnisses cawher uai qbsinge | disnt inbit ed twainshdtied arrbugttﬂssfyﬂllofaused by
a Sequenceethad rrﬂeBEH {eneI0hiddl In S§WBACEnAUADRS thepeat s.
Since t g%‘?\r 8}1%% devg%g%ment of | S-95A and I§707, zowgver addi ti onal
protocol s and standards have been proposed and devel oped t hat al low data to
be transmtted at greater rates. Typically, these new protocols and
standa_rds use the sane frarre structure as IS—95A and IS—707 |n or der to 30

. o -, = e o



standards. Neverthel ess, while maintaining conpatibility with pre-exist?f®§V 200
,Standards and systens is desirable, the use of the sane type of frane

wi thin the i r rate protocols and standards substantially i es

t he nunberag%&fésg‘ﬁes that are transmtted during a given perﬁ%@%ﬂlﬁiﬁm.
For exanple, if 35 the transm ssion rate is increased by a factor of four,
the time required to transmt 256 frangs is reduced to 1.25 seconds, rather
than the five seconds.required previousl Y Atime period of 1.25 seconds is
typi cal | y respansibilifent theohighesiaver aptasals F%%Q%@ﬁélﬁﬂéb Biapstte ensudet ect ed,

and a ret HROSIReSTARR RAhSANEA0is Sggééggﬁllpyhe ei ght-bit sequence nunber
repeats. Thus, .the use of 991 60%61 4 PCTI US9911 f%ﬁ%&)ﬁyeﬂsght-bit

an . WO
sequence nunbellni°§dF§1%fr1aF}éi“§Hf}¥%r6n%ﬂslIE'R/Veu PR ErANGRRPE SUCE F ames
for the ti708 cpBs fodaneigsisit geduenpernfianbei he bdaaciueddr &f s dngnt Ssdacle
sequenge. .A vfehl -kn§v¥n gﬁsttpcg %he Ralgli 0_Lli rbk Pr ot ocol EE%CF) us ; an
of ght yobi i1 <860 (RS COMURI e Pt SR IRRNGS BRBLR el SVaReniie 4PF 3Re i ght
bits représeme frhm |@det 256 gnidf iheantrepdtt badf ta zewel veAb tumumessfukept
i nternal | r ecel ngat Ler ., +The | ve-hit.  counter
i s updat eér%{asggglégnﬁtg ﬁle(_e gsi gﬁ%ﬁ%ﬁi t%ﬂﬁet#n‘ggrr éﬁgeﬁéﬂhoégr% Q‘e%ﬁtdr'& %/t L%'{\tg%ds to
reason t haumpesrayisd eEeed, plesnt eXopr Bl @afected wsing pCRG r shedksame

si mul t aneghfdrmatibreedrt otlicdmetloe détanson tinethddl, aDaceedravethudickdsfigppect to
each g her_at t.he ,regceiver tget t\/\ﬁl Vﬁiblt counte%s will be incorrectly
updat &8 adEFRSREtERP RME alfor feteUiif e e ISEHYEr BATETYE i A (B Sience
nunber coukknbelédgments etbssagec INAK)i toc theasmnamit dystebstthat imtlligeslther t he

frame forngt,apd %@%@% foe&hgﬁn%eltﬁswae%&%kei%gnﬂm ?ﬂé@%}ﬁgmn“ al -

conpatibiljty wth previously exIsting Sé‘,g]errs and standards. Additionally,
i ncr easi nghemgeHaRpRY tSothe frame ninchiding gthen sequaieB erubEr dasvestgnallyi | abl e’
bangvm' dt h-tra‘hsﬁﬁf‘t&édnﬁf eheretpantitted] fsael i@ ok rﬂ@de@@@:lf ] agcdel@ﬁumlwhesrgc@:ﬁd bits
use represent e seguence counter. 1S er or.e 1 nagequat e use It
woul dpnt FEGaRE S I IETERERT SOEPReS e sant ¢ P RS AT ohE of ¢ he
net t hr oughgnsmibfsystem ttypics by respoadsi bye notifriog, thet comtuddinge applicatibhe to

provi de a yFeidRerk Mvaxdendi Aded MnsEAsEHEE Nunber range wi t hout nodifying
the nunber of Dhi uy Such a net hod woul d

t or guence nurmber.

hivant ageous! y Unernanra Trd 1570 EmeR RS LEh C5icf dYeY AT of
m ssi ng datidlifecands (25).d&huseah ightabithsequegue meenimernben tmek£56ramymed fr ane,
t here i i : thr t i . Lhus,
ther o205 EAERTHEL over b e NG IR AL IV LESRRRIE LyblARl! AlificlheS,
transport to@ew arfailed {game ransmissiptintsebe getastads .angoa SR YR ISOFONT [HE
ENVENT_I mb'gh@epffogﬁ&ﬂlt,f hAY e flidrefore S adli r@gﬁtewlitt Gequeretf ircirAbér Mprbeidesf f

etect|ng .ayed..rrapes;, |1 n a ransport ctio n a; n er o
b ts. Acoshan anle MR aRetol-ARRRRId, 15 S B AL 8"
t ransport BBqhelycideotified withoht ambigeiturcauseshby frsequenta 4ngaptarerndo a

recei yer ipgbidp@shé lﬁt!ﬁp§ecﬁ.{en99mﬁ‘lﬂé?g'eﬁié%. a received frame, a frame
sequenci ng counfer nufber, wi

sequenci ng coumte %QF‘%IEG%H&%%% r%gfggéfg;gg Olcgg'%ﬁ'leli'f"é"(‘ft%{’]%egr e
frame, andddbtiecdlipgtddeds and stareldrfls haee dwea plepayet] ahdadevefopedethat ame
sequenci ngyjoul d3ed o Be @an%gg?cea‘oat%%ggf Odtes. Typically, these new protocols
and standards use the same frame structure as IS-95A and IS-707 in order to
30 maintain as much compatibility as possible with pre-existing systems and
standards. Nevertheless, while maintaining compatibility with pre-existing
standards and systems is desirable, the use of the same type of frame within
these higher rate protocols and standards substantially increases the number
of frames that are transmitted during a given period of time. For example, if
35 the transmission rate is increased by a factor of four, the time required to
transmit 256 frames is reduced to 1.25 seconds, rather than the five seconds
required previously. A time period of 1.25 seconds is typically insufficient to
allow a failed frame transmission to be detected, and a retransmission
attempted, before the eight-bit sequence number repeats. Thus, the use of an



PCT/ US99/ 11108 counter nunmber exceeds the threshold value. In one asﬂeZ:k’U‘ubeUZ
,the invention, a data transm ssion system advant ageously includes a
transmitter, a receiver coupled to the transmtter via an interface for

recei ving d4a%6¢’ahes fromthe transnitter, and a protocol pPOTA&S9Y/1HA0H
conponent housed in the receiver for conparing a frame sequencing counter
nunber with a predeterm ned threshold val ue, the frame sequenci ng counter
nunber being derived from headers of the data frames, the protocol

processi n%é%&%l@@@@&e&@ 8GhibeY B helifvaentabaidvngniqliet RntiIRIBoREGHUENCI NG
XC

count er nynber eds the threshold value. .10 BRI EF DESCRI PTI ON OF THE
DRAW NG TS TV B RetPAGRRToORy 40T e e SpROne Sy SR on Fl g 2
is a schersatjiencd.agram of a transmtter and receiver. , 15 FIG 3 is a

di agram of a fr uf [ &S ing.buffer. Fl is.a flow chart
illustrating t@%ed@?a@%ﬂﬁ%%a&t ﬁ%grgh&icpgﬁggnﬁcfgéoc}oéégi‘yérusgﬁrainnffg -
comunpcathibpequEnGe ®tinden ifdloded hiar framesusentapiey theaiopdhat eight dfitt he

recel ver dubldnt b IERERIZORCAN: Bi0SHh BT Lhakd: AR inlElIG o6 |5 2

fl ow char ustrating operation of the recelver d . ception
of a retr ddhitheetpceivereand-thw transgijtefesdhgetvilygramePEntest isatipAgtadne
oper at | Ontlﬁfsed Bg %feag@]‘it-tﬂiﬁhquE "%_n't Qﬁ@rV_&’lfe dﬁ’gi [1?5@ﬂdfﬁ@rf@hﬁm’ tthat ;
communi cat j on. IS a messa i agramj.l lustratin e operation o
Che 25 ¢ 1 At A qPTesEnt Boerbl . RGIHRIC TP AT CURMERUF B, .
FIG 90i s sanf froan chartrandrhitierr ot mg déleyepeovidhi mspedt toheacheottiereat then - -
recogni zi ng40g: QBQ%@N{;'—‘QM@SEH%‘?E‘ V\fi[laﬂ?ﬁmoﬁe@'g ]&e};dasc &aRH”tf\E'I&Ha'w' agram
Tt Sdatd & bit v

of a shift register use e recelver tou al ue specifying-
the next faP8%e to be recei ved. 30 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Thenaiibale reithBerdesbits bx@dh@é%éqh@xb@: mrz]yrﬂtﬁ.&i eauld ﬂ?eainléﬁia%@@ﬂ |35'
communi catl on system operat,,ng.,l n_ac r nce, w { us (0] S| gna '
processi ngs_%gcﬁilwggsegfv Q“Hg .-s_%glag da_ - Sge sér%waa&.’aga?mq glﬁfr’éoﬁr esent

i nventlbon vigla¢e thei gddlyofs maisthihing wsibstantial ncanphtibilidpnwithi paevionslysyst em
it should hg s%éxﬁ%’%nh@&n&&%sp%&éﬂloda@ ; rlh%&asfﬁgyﬂ{%engmegy its" 0 k!

various othe es of communi catlons syst at, t.rignsm 2

5002 VIO 99NaDeEETHePRETNITDET MOHd WRsteA vrifaD ﬁé@r\éws két SOnYeRiie@Rhg bot h
wirel ess aolutibn ebudbe asoimuedsing i thie s\urhbes, ofirtsitssaised| td erepassedt the
communi catd Aoyt @liie AU HAARRLLY inb BLAUAROW. LG dPSSELRE | HlrodiBld OUS
wel | -known 'systens are set forth in block Torm I's'Is done In order to
avoi d mnn@@ggamh gveshgad MeF itransnHesign a1ch daerease/f ithe siet shraughpwyeh ens

for wirel afg tiRlsppROSE viRMHRhEA it WordldPbeYebirxisld tBas@videahimaghodhedr
e units via an_over. terface. ul ar

Cystoms | rieinedng sedutie tultiet §neY b Qmorif et e B RSAL e
(d obal Syusednfolr othe Msgjuence oyvumber atSuchs a e fitid\)wowldd ad @raggé@mip)be | n a
preferred pbodi SFBRterptfEnS &l HhBossIH BELE i CEMOF SHRERE data frames
25 derived from the sequence number as a delayed frame, thereby increasing

the throughput of the transport function. Thus, there is a need for an

efficient method of detecting delayed frames in a transport function using a

minimum number of bits.

30 SUMMARY OF THE INVENTION

The present invention is directed to an efficient method of detecting
delayed frames in a transport function using a minimum number of bits.
Accordingly, a method for detecting delayed data frames in a transport

35 function in which frames are sent from a transmitter to a receiver includes
the steps of comparing, for a received frame, a frame sequencing counter
number with a predetermined threshold value, the frame sequencing
counter number being derived from a header of the received frame, and
detecting the received frame as a delayed frame if the frame sequencing



As illustrated in FIG 1, a CDVA wirel ess tel ephone systemgenerally 1 7 KOY 200
dncludes a plurality of nobile subscriber units 10, a plurality of base
stations - "01?%6 72lbase station controller (BSC) 14, and a npbile swi tching
center (MCY 8! The MSC 16 is configured to interface wiPhT/HS99/11108
conventional public switch tel ephone network (PSTN) 18. The MSC 16 is al so
configured to interface wwth the BSC 14. The BSC 14 is coupled to each base

station |2 via backhaul lines. The backhaul |ines may be configured in
accor danceowntdr anymbeér s@meectsl therothresimslar feades. i ni u@lmmgaspmcg of EhET1,

ATM or | Bnybdiyibs, t% b& t%‘?ﬁ@&%ﬁd tsgéjEmt h%‘&@aﬁ’tﬁ e@@sl ope BSC
14 in the system ase statjon 12 vant ageous y |n Ieast one

sector ( ndfartf’l%\ﬂk?)f aeé@??”é@c‘@@ﬁ?@énﬁ@l Hengramsraitesnyaa pan ntl’éféf Iaﬂe afor

parti cul arre@élf/ﬁfgt | @dta ' Hnal | foaveshel neMshiteePasthd tAt R Péae%ﬂgth i \l;el Y,
ase

each . _sector g‘png ant ennas .for diversit OJ{rece t on
stati on 120%1% @%% ?g‘?SreS@W&ésf%rnéﬂninrén&p% pME SPOHENGING of
frequency cassit@nneuindbef ea\uthf Be e@etyrmmeﬁsstlglmhmtd confue, sithg ¥raxheMHiz of

spectrum er e f nc S nt my be
referred tgiﬂ%&ﬂ%ﬁ@&ﬁ?ﬁ% R&nﬁgr %ﬁﬁléhgre“’g@ &gnég%% ot tﬁ? doaqﬁge RHGUN as
base stat ithe prainedeprasessing SpsponentBlskcting. aﬁdqleradadatpelfrgpmé bAgsbe
station” rf?é’m@%e%ﬁ@ﬁcﬂ\g cbhﬁtérr}qﬂﬁbéye&&eagftﬁé tRfestiold §4lde/el y to a BSC 14
and o ﬁ or nore BTSs which BTSs 12 may also be denoted "cell sites" 12.
(Al'terHatively, indivi dual sectors of a given BTS 12 may be referred to as
cell sites.) The noBRIEBDESCRIATION OETHEDRAWINGS:el | ul ar

t el ephones TO, and the-eellular tel ephone systemis advantageously a CDMNA .
system confi gu i n._accaor th. t e IS 9 standard. 35 During
typi cal oper at |P§§; gfls?ﬁo%ﬁi\aﬁf%{? te base stations 12 -
recei ve sets ofFltevds s@»ChemRtlsld@ﬁgrlam bt@massnstt@f andbetGVM| ts 10. The ‘
mobi | gsuni ts 16#1@914;9% hﬂSf&?x‘a?xE’é‘BﬁReP%éi%eéU u%asg HAEEuNi cati ons.

Each reverse- llgés g ?fip el V’il a given ase stg on 12 is processed
within that baddGstdf ddiPy £hatt, ursé‘?lﬁ’F‘tgl AREERHOD PhAEANERItIes andjar zuJz
WD 99| 607GécéivEEB/uUﬁfg911cbi1&BuhttetlBﬁC 14. The BSC 14 provides call resource

al l ocati on and Vi tihon n i .
orchestration o % Et{gﬁggﬁ g ﬁrﬁgﬁ%\tf\%gﬁ%b%%egé%{aaﬁogng %% Fé?:ﬁ%}%ﬁuﬂg al so
rout es théhﬁéé@ﬁﬁﬁw ot 2endy traasyBtieddramBi ch provi des additional routing

serviggs for i rl-‘qe;f bace Ww khhhegilasiiafiNg1the Shévakidnl §f tHehRcBREN é&in§
interfaces,with t 16 interfaces with the BSC 14

16, and. t NG
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35 During typical operation of the cellular telephone system, the base

stations 12 receive sets of reverse-link signals from sets of mobile units 10.

The mobile units 10 are conducting telephone calls or other

communications. Each reverse-link signal received by a given base station

12 is processed within that base station 12. The resulting data is forwarded to
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If it is determined at step 160 that L_V(N) does not equals L_V(R),

and therefore that NAKed frames remain outstanding, L_V(R) is

30 incremented MOD 4096 at step 178, and at step 180 the frame is stored in the

resequencing buffer 92. The receiver 52 then returns from the first frame
transmit processing at step 176.

In FIG. 6, a flow diagram illustrates the operation of the receiver 52

during step 116 when a retransmitted frame is received in accordance with

35 one embodiment. The processing of the retransmitted frame begins at step

200, and at step 202 the SEQ field in the received frame is used as the key to

look up an L_SEQ associated with the SEQ in the NAK list 94 (see FIG. 2).

At step 204 it is determined whether the L_SEQ is less than L_V(N), or

whether the frame has already been stored in the resequencing buffer 92. If
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fol Tow ngfrcaxglenESO index L_V(S) is incremented to Ox2FF and frame 232 is
transmitted with a SEQ number of OxFF. Both frames 230 and 232 are
received successfully by receiver 52, causing index L_V(R) to increment
twice from Ox2FE to 0x300.
35 Frame 234 is transmitted with a SEQ number of 0x00 and is not

successfully received by receiver 52. L_V(S) is then incremented to 0x301,

and frame 236 is transmitted with a SEQ number of 0x01 and is received
successfully by receiver 52.
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steps of : MNPM%¥g, for a received frame, a frame sequenci FGTEGIHM EYO
nunber with a predeterm ned threshold value, the frame sequenci ng counter
nunber being derived froma header of {§he received frane; and detecting the
received frame as a delayed frane if the frane sequenci ng counter nunber
exceeds the prEpeheredensd of hfrastel| 236y aleoeiyemhB? edetetthe thpd uoad-of-pradr f r anes
is sent | f , | 1di ng I of
frames, t gla# {rlgénggﬂ\?éetr rﬁ%%%f%ﬁ%%ﬁ% ﬁa{ g‘géne sdlqmljfl?? 8_%8%%51 5‘!&2‘2{{ wher ei n
the conpa?? generetgs Nédpmessage adfrpariaigingnther fulhswsbigdeitdndex dodhfRr nunber
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retransmtte ane,. 3, e. lret of claiml, erein the tra t
functton et whieackaaharaf DR nat efiBedbre MR b Bk PORPEKS ect i ng

a del ayedmessage 248. a transport function wherein a plurality _ . of franes

are sent {rom B kansgh! Lanshsdioh ©of XEAK LABARIANUS-EQIRAIGH g _Toans
for comparing, foroa I‘EEEI ved Frane, S? ranme, sequenci ng _c}o:ru.nt er nunber with
a pr &det eransmmits tanaibeo meRdR withe 35Q ke 06 Oxfry WRicht Irresanssr bei ng

derived fsoresthiipdgrreodivens2.r eprinviedeipt VA KNtlessagn 240 orafighReki509 t he
received [LANB3S & ARAVEA "HATE bho UAKREARS SHIEBEL "Fx00 and the -
retransmit flag 74 (see FIG. 2) is set to one. Upon receipt of retransmitted '
frame 242, receiver 52 detects the retransmission bit and matches the SEQ
15 number with the SEQ number in NAK list 94, Once the match is made,
retransmitted frame 242 is placed within the resequencing buffer 92 (see FIG.
2) and the entry within NAK list 94 is removed. Frames 244 and 246 are
then transmitted and received in normal fashion.
In FIG. 8, a message diagram further illustrates the operation of
20 transmitter 50 and receiver 52 during a transmission in which the sequence
number “wraps-around,” when performed in accordance with one
embodiment. Frames 240a and 240b are transmitted with SEQ numbers 0xFE
(all numbers are in hexadecimal) and OxFF, respectively, which correspond
to values of 0x2FE and Ox2FF for index L_V(S), and are successfully received
25 by receiver 52, causing L_V(R) to be incremented from 0x2FE to 0x300.
Frame 240c includes SEQ number 0x00 but is not successfully received
by receiver 52. Frame 240d includes SEQ number 0x01 and is received
properly by receiver 52. Upon receipt of frame 240d, receiver 52 detects that
the SEQ number is greater than the eight least significant bits of L_V(R), and
30 therefore that a frame has been received out of order. In response, receiver
52 updates L_V(R) to 0x302, which corresponds to the next expected frame,
and places the SEQ number of the unreceived frame into NAK list 94.
Additionally, receiver 52 transmits NAK 241 containing the complete
L_SEQ number 0x300 of the frame that was not received, and initiates a
35 timer that tracks the amount of time that has expired since the transmission
of the NAK 241. As shown in FIG. 8, however, NAK 241 is not received
successfully by transmitter 50.
Transmitter 50 continues to transmit frames as shown, including
frames 240e - 240j, all of which are successfully received by receiver 52.
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fransmitted for frame 240c Addltlonally, receiver 52 sets L_V(R) to the next

expected sequence number 0x403. It should be noted that the sequence
numbers transmitted in NAKs 243 and 245 could be transmitted in a single
NAK message.

Transmitter 50 responds to NAKs 243 and 245 by transmitting
retransmitted frame 242a containing the data from frame 240k, and
retransmitted frame 242b containing the data from frame 240c. Upon receipt
of retransmission frame 242a, receiver 52 identifies the frame as a
retransmitted frame based on the status of retransmit flag 74 (see FIG. 2).
Once the frame is identified as a retransmitted frame, receiver 52 performs a
lookup within NAK list 94, using the SEQ number, and determines which
frame has been retransmitted. Retransmitted frame 242a is then placed in
the appropriate location within resequencing buffer 92 (see FIG. 2), and the
corresponding entry is removed from NAK list 94.

Upon receipt of retransmission frame 242b, receiver 52 also identifies
the type of frame and performs a lookup within NAK list 94. When the
identity of the frame is determined, it is placed within the resequencing
buffer 92 (see FIG. 2), and the corresponding entry is removed from NAK list
94. Transmitter 50 then transmits frame 240m having sequence number
0x03, which is successfully received by receiver 52. At this point, NAK list 94
is empty.

As should be evident from the transmission shown in FIG. 8,
marking frames as either “new” or “retransmitted” allows the receiver 52 to
properly process both new and retransmitted frames that have the same SEQ
numbers even when wrap-around of the sequence number occurs during a
retransmission. This is possible because a retransmitted frame with the
same SEQ number as a newly transmitted frame can be distinguished by the
retransmit flag. Thus, a greater number of frames may be processed using an
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15 Equation (1), described above in connection with FIGS. 4-6, presents a
method for mapping the eight-bit SEQ number (which is transmitted as a
frame header over the air) into a twelve-bit L_SEQ number at the receiver
52 to keep track of frame sequence. If, by way of example, frames 1, 2, and 4
of a four-frame bundle are received within the same twenty-ms time

20 interval, but frame 3 is delayed and is received in the following twenty-ms
time interval, equation (1) yields the following value for L_SEQ:

L_SEQ = {L_V(R) + [256 + SEQ — V(R)] MOD 256} MOD 4096
= {5 + [256 + 3 - 5] MOD 256} MOD 4096
25 =5+ 254,

which indicates that 254 frames are missing. Clearly, this is not the correct
interpretation because it is impossible to miss 254 frames within a twenty-
ms time interval. In the embodiment depicted in FIG. 9, an RLP algorithm

30 advantageously categorizes such a frame as a delayed frame at the receiver
52.

In the embodiment of FIG. 9, the value D denotes the maximum
difference in the arrival time for RLP frames that are transmitted in the
same twenty-ms time interval on the over-the-air interface. D is expressed

35 in units of twenty-ms time intervals and is typically zero, one, or two. The
number V(R),, denotes the value of V(R) at a time of D x 20 ms ago. The
value N_,, denotes the maximum number of frames that can be sent in one
twenty-ms time interval. N,,, may be eight in a particular embodiment. In
another embodiment, N_,, may be four.
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receive buffer. If L_V(R) has not been updated in the past D x 20 ms,

equation (1) will not yield an impossibly large number of missing frames, so

the algorithm proceeds to step 306, processing the frame as a retransmitted

frame. If L_V(R) has been updated within the past D x 20 ms, there is a

15  possibility that the new frame is a delayed frame, and the algorithm proceeds
to step 308.

In step 308, the algorithm commences new frame processing by

computing the value H = (256 + SEQ - V(R).p) MOD 256. The algorithm

then proceeds to step 310. In step 310, the algorithm determines whether H

20 is greater than N, x D. If H is greater than N__ x D, the algorithm detects

the frame as a delayed frame and proceeds to step 306, advantageously

processing the detected delayed frame as a retransmitted frame. Those of

skill in the art would understand that because L_SEQ equals [L_V(R) + H]

MOD 4096 (see equation (1)), checking if H is greater than the threshold

25 wvalue N

could be missing) simply amounts to comparing L_SEQ with a threshold

value. If L_SEQ is found to exceed the threshold value, a delayed frame is

detected and processed accordingly. Those of skill in the art would likewise

appreciate that in an alternate embodiment not employing RLP frames, the

max max

x D.(which represents the maximum number of frames that

max

30 delayed frame need not necessarily be processed as a retransmitted frame,
but might instead be processed in some other manner. If H is not greater
than N_,, x D, the algorithm proceeds to step 312 and processes the frame as
a new frame via equation (1), as described above. The algorithm then
returns to step 300 and receives the next frame.

35 In one embodiment, illustrated in FIG. 10, a shift register 400 in the
receiver 52 (see FIG. 2) may advantageously be used to keep track of the
value of V(R);,. The shift register 400 must have D+1 stages (i.e., the shift
register 400 must have a number of bits equal to (D+1) multiplied by the bit
length of V(R)). The bit value V(R) is put into the shift register 400 and, as
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equal number of frames, the frames within any bundle being sent simultaneously, and
wherein the comparing step comprises:

comparing the frame sequencing counter number with a threshold value proportional
to the product of the number of frames within a bundle and the maximum delay time in

frame-length time increments between frames sent in a bundle.

2. The method of claim 1, further comprising the step of processing a detected delayed

frame as a retransmitted frame.

3. The method of claim 1, wherein the transport function is a Radio Link Protocol
interface.
4. An apparatus.for detecting a delayed frame in a transport function wherein a plurality ..

of frames are sent from a transmitter to a receiver, the apparatus comprising:

means for comparing, for a received frame, a frame sequencing counter number with
a predetermined threshold value, the frame sequencing counter number being derived from a
header of the received frame; and

means for detecting the received frame as a delayed frame if the frame sequencing
counter number exceeds the predetermined threshold value;

wherein the plurality of frames is sent in bundles of frames, each bundle including an
equal number of frames, the frames within any bundle being sent simultaneously, and

wherein the means for comparing comprises:
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5. The apparatus of claim 4, further comprising means for processing a detected delayed

frame as a retransmitted frame.

6. The apparatus of claim 4, wherein the transport function is a Radio Link Protocol
interface.
7. A data transmission system, comprising:

a transmitter;

a receiver coupled to the transmitter via an interface for receiving data frames from
the transmitter; and

a protocol processing component housed in the receiver for comparing a frame
sequencing counter number with a predetermined threshold value, the frame sequencing
counter number being derived from headers of the data frames;

wherein the protocol processing component detects a delayed data frame if the frame
sequencing counter number for that frame exceeds the predetermined threshold value; and

wherein the data frames are transmitted in groups having equal numbers of frames,
the frames within any group being transmitted simultaneously, and wherein the
predetermined threshold value comprises a value proportional to the product of the number of
frames within a group and the maximum delay time in frame-length time increments between  __

frames sent in a group.

8. The data transmission system of claim 7, wherein the protocol processing component

serves to process delayed frames as retransmitted frames.



