;e3ea\\] T4 _r 6 Tai qg=WD 02/ 19605 ._~ : J PCT/ USQ / 26946 NETHCD AND (//
APPARATUS FCR GATED ACK/ NAK CHA A COVMUNI CATI ON SYS -
BACKGROUNRO®2h9605i el d of the | nvent | on 'mmm""mmmmm | nvent |Po:rr/USBi/a¢9eG to the
field of communications. Mre particul sent invention rel ates
to a novel nethod and apparatus for a gatedis&®/ NAK channel in a
comuni cation system 10 |I. Background Effectiveness of a comunication

channel between tvvo termnals nmay be inmproved by utilizing error control
coding. W IMEEHQD ANB ARRARATS FOR (oadER ACKMNAKCHANNEL dat a
packets are m ssed or relNW@()lMMUNKDAS_I‘K)N SYSFEMving terminal. A
data packet may be divided into a series of data units, each having a

sequence number. The first data unit may carry the preanbl e i dewtoottyi ng a
receiving termnal, the first datpAWKGR subsequent data units

carrying the payl oad. When a receiving termnal detects a d “\ﬂ\m\w
“*sequencg 20 nunber higher than the expected sequence nunbermm\m ng

term nal declares the data units) with the sequence nunbers) between an
expect ed sdgBizdd of thefinvertioht he detected data unit sequence nunber as
m ssing or erroneously received. Ttie rec !w termnal in espopse sends

to the transmitth ’Eeéﬁm Ryengiogoralates t dr‘éq‘i?éﬁm%cq'tbqr}san '€si on of
h |
the 25 m 83 g@%}@é hees-gﬂﬁ VAN }rélagaqcﬂﬁeé RoVal m¥od &5 néﬂpsﬁaﬁgum ssi ng

data unit{ out 1 nterva an error contro me | eads
to inefficifena gaiedaﬁfCKébMKcohannphm a@ohaniinicatien dylseern. are many term nal s
recei vi Bg data units. In a communication systemin which several access
term ndPs are, for 30 exanple, in a connected state with an access point,
each recei %ﬁﬁéﬁterm nal replies with either an ACK or NAK

receptivel ?%&?‘ acknow edgi ng or negative acknow edgi ng proper reception
of the data uni tEffedlinenessceﬁa poimmunicationt  dansehdbetyedat twontarminalevery

access term nab i.n the b 2/.19605 2 C%’/ US0112694 g‘con cted Statg
S nee the Agbbe AR bY UagHRgTR! rovttol @Q hini t
is transm tcbﬁﬁ\%%cw@@&@r, téé?ta‘ﬁ*@aﬁﬂﬁénﬁt@ed *’&atg e[?}ﬁﬂibtsoﬁré)h@&é‘&%% i&eMapl to

access point e reverse link direction,
15  erroneously at a receiving terminal. A data packet may be divided into a

series of data units, each having a sequence number. The first data unit may
carry the preamble identifying a receiving terminal, the first data unit and
the subsequent data units carrying the payload.
When a receiving terminal detects a data unit with a sequence
20 number higher than the expected sequence number, the receiving terminal
declares the data unit(s) with the sequence number(s) between an expected
sequence number and the detected data unit sequence number as missing or
erroneously received. The receiving terminal in response sends to the
transmitting terminal a control message requesting retransmission of the
25 missing data unit. The transmitting terminal may resend the missing data
unit(s) after a time out interval. Such an error conirol scheme leads to
inefficient use of resources, particularly when there are many terminals
receiving data units.
In a communication system in which several access terminals are, for
30 example, in a connected state with an access point, each receiving access
terminal replies with either an ACK or NAK, receptively, for acknowledging
or negative acknowledging proper reception of the data units. The access
point may not be sending data units to every access terminal in the



occupied with transm ssions of ACK/ NAK signals causing unnecessary S
interference. Cenerally, to this end and as well as others, there exists a
need i n twe envsokor an ACK/ NAK nmechani smthat makes effi cipemiusos/essaé
resources. SUMVARY 10 The di scl osed net hod and apparatus includes a
transmtter for transmtting ACK/ NAK information on an ACK/ NAK channel, and
a channel gate for gating the ACK/ NAK ctannel based on whet her a ' conpani on

recei ver has detecgted a pmtchin reanble i.n a data upit. received. b he
oceiver . " anBacea St ks The thebipsiarinalt Bag Haves Rmitad Keawisrge pF 5
series of ' | §] t ﬂﬁ#e :ch :

pr event trgﬁ%%ni]ikltgﬁa o¥ tﬁéeam%c annel”’ %n t elalraelglelﬁ‘\{/%?%%gbﬁai gd to
recei ve t hacosscterminal ¢andudcessi poirite that reverse .link directiorpothenremay béve

transmtter may. include a BPSK, nodul at f dul afi ng the ACK/ NAK
i nf or mat i orPC daw&ttrsmwwms \mf @ﬁflg(,ﬁf@gg‘e’; S, CAUSINE: upnecessappsk

snodul atqr t; Wal sh covered ACK/ NAK information for transm ssion on
aPaiiigiasice

the A annel.” The nethod and apparatus may include a summer for
sunmmi ng t he ACK/G&éteralignivethisendamthts well es othdrs pthiqre | exists hareee in The

ACK/ NAK chanpel in | ary enbodi nent may he for duration of a portion
of a tine @rbfor am AKENAR TR t%%@&ﬁﬂﬁ@su%@fﬁé%&w%, obj ects,
and advant ages of the present invention will becone nore apparent fromthe
detail ed description set forth bel ow when taken in conjunction wth the
drawings in which like reference clSUMMMSRY0 identify correspondi ngly

t hroughout and wherein: FIG 1 is a block diagram of an exenplary
comunil@at i on syldteerdis@psad 2methagh and Lapparatum iotludesee iparsnyittieor fior d

I}nk Si gnﬁ%{stru {l{%e&%y@ﬁﬁ/ﬁgﬁggépﬁ%ﬁ%ﬁ {42@% &@I[(G 3 i aﬂ{ﬁ ogvchart
of an exe aaﬂ"*?“ﬁ% 0 g [ m el
FIG 4 is %hﬁhﬁléphgitb Rir @agﬁgem apACKRTAKU EHarfiil] 2 bASQRE 65S | Whefher? a

receiving termnal” 5 FIG I's a detailed block diagram of the )
comuni cat icompaniopmredeiverGhas. detecteds 4 smatchingr preaghblei iy ai datagunit

i ated with i i vi inal ., EIG. 7, i
bl ook di agraeitrd B FecHsPERD MBdure eftioRiSienh e (i Bnit, 9. dnb il
exenpl g6y, unifin@ SHraRercidah hitsey g)@ish‘@lé &éta?;&geﬁ%a%@ diamie! a.&é m ng

with respect to slot timng used in communi Cati on system . DETAI LED

DESCRI PTI OMQY pre¥eRmasrvsion MEtrsACK /ANAK ehannel whernotheirereiveydhasd

apparatus fof . § ' 3t %he matching preamble in the data unit. In omne
embodiement, the transmitter may include a BPSK modulator for
modulating the ACK/NAK information, and a multiplier for Walsh
20 covering a result of the BPSK modulator to produce Walsh covered
ACK/NAK information for transmission on the ACK/NAK channel. The
method and apparatus may include a summer for summing the ACK/NAK
channel and a data rate control/pilot channel. The ACK/NAK channel in
an exemplary embodiment may be for duration of a portion of a time slot.
25

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

30 identify correspondingly throughout and wherein:
FIG. 1 is a block diagram of an exemplary communication system.
FIG. 2 is an illustration of an exemplary forward link signal structure.



ACK/ NAK i nformati on on an ACK/ NAK channel is described. The exenpl ary
enbodi nent described herein is set forth in the context of a digital

cel lul ar Wweleepbssse system While use within this context ipETABOSRE9AAGEOUS,
di fferent enbodi ments of the invention may be incorporated 20 in different
environments or configurations. In general, the various systens described
herein may be formed using software-cont¥olled . processors, integrated
circuits, or discrete logic. The data, instructions, commuands, infornmation,
signal s, symbol F1Gaddsdhflpwchpae ohaty exemplasr arcthed: bf dalh precessing at a

applicatio re vant age ly represented by vol tages, 25 currents,
el ect ronag&é%‘sg"ﬁg{}gs%erggg‘%gti c firelds or particles, optical fields or
«particles, or ap@iigal flowchhft 60in exBriplayt ntdthotinef ldage bFo@bsing atha each

bl ock diagram may represent hardware or nethod steps. FIG "1 illustrates an
exenpl ary deneiving detroinalyst em 100 capabl e of inpl enenting enbodi ments of

«the invention. i st term.ngl,104 .30 tra its signals.to a sec

term nal% 106 ovﬁ"rIEa5fl8F\/§‘?taﬂF$r‘?%° gﬁgﬁfﬁ?@éoﬂlgl%ﬂmsyﬁ%o?&gcs econd
termnal 106 over a reverse link 108b. Term nals 104 and 106 may be
operating as a transmtter unit or a receiver unit, or both concurrently,
dependi ng on whdilfeb ida diagrameshaywingationingt associatyd vrith padetprocessing

PCT/ U801/2%346 fro r received at, the respective termnals 104 and 106.
Term nal s @ﬁﬁl‘ﬁr{b&qﬁm "respectively a nobile station (MS) and a base

station (BS) or FIGamStatmEk@ﬂagfdﬁi 6£hh @RefPlagLrevert WAk dréiifch@yer se
| i nks 108a and 108b may be el ectromagneti cﬁ?éectra or wirline. A BS

control¥er 102 HG. eis apoeyereplay Bmingdiagramoef roreverge cinkushawingn
system 100. I$A APl hCit onuni ion_system 1 is.shown tq i.nclude
one B S 104‘@&41\?}\?% 1 ﬁ%er% h%PP%;%r i%gt isg%s %n%owauﬁﬂ‘ti%ns of
t he commnim%@wﬁhergyg%,are possi bl e. For exanple, in a nutti-user,
mul ti pl e access conmuni cation system a single BS nay be used to 10

concurrently transmt ]Eiata to a nunber of nobile stations. In addition, in
ey ) ; ; P ¢

5,101, 501, %ﬁ&ﬁﬁd&éiﬁ%&@ﬂd@@ﬁﬂﬁ@@i@ EMBRBRIENIS, " and

Uus P 67 - i o i i i :

non R Cel I it PELEl Ak Hmbldvefl) mifidd Sartd MpaRaRee (O Claledid Bl

t he presentACKydMAKoinforehaticror pnr ahe ACK /NXIEr elvarendleriei desceibddh nebhe

concurrently receive trapnsm ssi ons,frogle. .a nunber of base stations. The

cogguni c?t iexsmRlatye gm0 H&ergnﬁvs;éﬁr}h?ﬁt 16i8 oI5 srfafordh dmn theycantextu@é any
Tl ¢ pl o balBil (RILE GNP | Gobi! WIS WA nBE TR B o o

mul tiple basg stations is connect to BS contro
backhaul siadviaatageoubadiffereht efiibodiimentsack Hae linveritiom nmiag benipcorporaest i n a

nunber _of connegtion types including, e.g., .a mcrpowave or. wi.re-line E1 or
T1, or pt iBaRidemssr . RPEORMAES o 14onBEIHANONS. | nih vESnErRls stheo SASPERL i on
system 100 sgeteﬁlgoa&&%hb@at heiin/| Bthy008 €SN . %%Ee%o;ftvg%m&hc?5 In

general, a communication |ink conpri“ses a set of c arryi ng

| ogi cal |y giretéssors, tippegratdd iaifcoitantor odiscidie slogihanfbes datay imstituchiossi t t ed

according to a schene of ti.ne diLvisgion l.tiplexin T ode.di vi sj on
il ¢1 pl oxi 1TGPUERRAS, Y GEReHEp. eRals Gyie: S Ehii fedhay B T8fTERthat i on
thereof. | RhfoddMAifiC @@ap%]’iﬁﬂﬂiﬁ%@'éﬂﬁa&ﬁagé. lﬁngE%té& Eﬁ édlf@%éipm' n,
where the channels are transmtted one at ating. In a CDM schene he

char nel25 nwyrtents)i eledtromaghetic wavesagteticfields or pavtides|optisalifields. o code
5. 103, 459, LERERER S SoRIARARD Merbn Ereddiipmatit I ohs Ty dposech
_PCT/ USOL/ 2634k Slaghiin ¥AYFopRMent NaAleR o EIckhb A BtePaL EPHONE SYSTEM

FIG. 1 illustrates an exemplary communication system 100 capable of

implementing embodiments of the invention. A first terminal 104
30 transmits signals to a second terminal 106 over a forward link 108a, and
receives signals from the second terminal 106 over a reverse link 108b.
Terminals 104 and 106 may be operating as a transmitter unit or a receiver

unit, or both concurrently, depending on whether data is being transmitted



assigned to the assignee of the present invention and incorporated by °
reference herein. Forward link 108a nmay include a set of channels, e.g., a
pi | ot chagoahil9éesa nmedi um access channel, a traffic channecrEod2ad4cont rol
channel . The control channel is a channel carrying signals for reception by
all nobile stations in the area covered by communication system 100. To
operate in the system each M5 nay need4 o nonitor at |east one control
channel . The traffic channel carries data. The control channel may carry

i nf or mat i ofrdro, mecxeseived arthe ciespedtine termuinalin t184 peidh 306 aTeradnals 166

traffic chan A forward |ink signal, struct i n_accordance W an
exenpl ary @Rgigiﬂmy%esregﬂg%v.xaé@%ﬂg_sqﬁgn;@@r @ Fage PERIPT BEs a
set of changgl Sthe® BmmiiridaBibh! devibRN BIrPRY Rd 366688 1HI& I®a arld'd0sI8V er Se
traffic channel is dedicated to transmssion froma single Ms to the BSs

conpri si ng may denelecirontagiteticr epentrre oncwisdinechahnB$ dantroiled 802 andvp be

- i gat ith,th in th t K ' A whi tabli shi
Craf 1 cocngatelcd b Be Ul ok foRFsolons R HBHRICa B Pt or s at | oast

signal quality rdi fcits! ERnSukiessd ; ﬁﬁm VB
106) receiving %V\%@éﬂlﬁlﬁk si gnal gﬁsdr)%g %F?%??%%% en]thlfcﬁdeegét e %S
associ at ed 124 axid lonehbSilGhesoweued, i othef oraviatibnis akdscanfigurations ecfatipe e BS
104). Ms 106 then.c?a nerates a prediction ?f aﬁgata rate gt whi c? .t he packet
error rate CBER SV 1 AR poseih Fr ofPt (xR lec 1B g2 BB WMHAMSET | not
exceed a t ahGRIpIBERccels AHRuERIOh ABIMY TPIthYIe2 BN LS fided MR, 106

t hen conputes rate at which a "tail probability” is greater than or equal
t o t helfar gencmERntlyHearssnit slata pe ebipnber pf imobile spatiyabi In agditivat, inhe

The ai gnar oanaet gl 0 st handaftcfisclostd ao Dt baoaf Serilonlee o 0 1y
at a givenehgiled MSGPP HANDOFES BNNESSAUPMA QELLEYARE I'E'Lrﬁﬂéﬁiﬁdéeh he

specifically to the selected BS 104, requesting the data rate at

speci fi c s&YSITERM, "Bodrd)iSt Patenhinunaloerf 5,208,261/ tithed dMebileoStation\vBssidted The

t trol ch I » Ih DRC i
i sol osed HATCHABaBEE £ ISR CobuRaRBe S bR ar i fied: A
METHOD1 5ND a8dio ABE QRS Prédent hdth tiAn En@iriéor M BpréRrenceTirsined 15 t he
WO 02/ 19605 6 "PCTI USOL/ 26946 assi gnee of the present 1nvention, and

i ncor por at @A conehmentlye reneied ransmissionst fcdm eq arweber rf baséi stationsess
channel (R: may.be. utilized fpr, carryi th i.nforymtion, a
reverse ra eicrgé?rb'ﬂ‘f’%'fc )5YSHY ggl%ﬁt'ﬁ%’@%ﬁﬁﬁ% eD%gCg&"}Eﬁ‘? %% n-may

i nf or mat i ofinclRdBSaryP hufiber O BaRE SthBORLS RIS nEbibe) MeAtidHO MCiieqlieARYS MBS
and may transmt ddta on the forward link 108a to no nore than one

dest i nat i ogahs of thengudtiple eseatadiansnis eannestad te B controller n(BSEY 102

cchedut ng et BEREY BT wbbhdRaR g, (ENE PAGg Bl B "
requi r ementimpéméfiterhah Mauiribed dfheorirrtion typesariliidigg, ! g0 daiRttowaivd he

system 100. BS 104 transmts data to M5 106 only at the rate indicated by
the nost r &Eaniredine Feerddeor eptiraldibery emconaegiion 1 i conpedisthowiretpss

tho. f or uar 40P RREMdad B5RERE 30010 ArpdiRet Bite rPBlS FDEL LG FhichO "
desti nati omobShdwn.ng a given 15 'tinme slot. In one enbodi nent, the data

packet for trangm ssion includes a preanble within the first tine s|ot of
each néW f or war |geﬁt@r=§ae cemmpypicagion: Ll camprises ianset fcchanasls REyng Vs,

decoded pr AR SR AR FREaRARRn: " Then ShRRhRR n e IERERAR 1°

t he data pactorting ke ai sthenéedf tiesd idiatsion ﬂvtﬁltgpmchsg qEDM), nwdehdtivdsion i n
eterm

*the associ atﬁcﬂiytli ne S|& Nﬁhe destination M nes the data rate of
the data i A ongar DMk frequeneh flh\f}_Sm’?C e EX1R8s s &GEVIThET nd@nber
_of forwardcbh%ﬁ i0R theplot %egm\eatn%&@ﬁm,tm@ ARftRlls WL | fistifgsisHe Nt NE

data rate at ch the packet 1s's :
30 time domain, where the channels are transmitted one at a time. In a CDM

scheme, the channels may be distinguished by a pseudorandom orthogonal
sequence. A code division communication system is disclosed in U.S. Patent
Serial No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING




-

25 Packets sent at a lower rate are sent using a greater nunber of tine
slots. The destination M5 decodes the received data packet and evaluates a
qual ity redlobsecessoci ated with the recei ved data packet. Pov/USOE26986/ NEL T C
of a packet nmay be defined by a fornula in accordance with a content of the
packet, e.g., a parity bit, a cyclic redundancy check (CRC}, and etc. The
30 evaluated quality netric and the qual8ty netric contained in the

recei ved packet are conpared, and based on the conparison an agﬁlrs% rilgte SA

i s gener at SIGNAL WA WEFORMACKNLAs €M CHLLUGARIEELERHONEG

message from.he tp the.BS if data packet is.correctl dec%ge ,.and n
oS00 02/ PoEREd BotRecuienss s of bes piet “vartgRo e ke BRIk b | <

i ncorrect| wefloeRECtherdih. t he SA i s NAK based, which includes sending a NAK

nmessage fromthe MSto the BS only if a data lE)acket is incorrectly decoded.

An advant age of Earward dimk W8ermaydhalete, a seyof channdls,| e.gy agpidot dhartnelpi se

I nterfegence with other reverse links, as well a ossi bl.e enerqy Vi ng at
the NB,OA BSTEdMEactss Fhannah 2 praifis: Ranngly aiich 8, CamTel SRanRRY ot e
achi evi ng lcapirolt &driiet isCa Chahhel rQYAfiAS di;??iﬂs%”réc@ﬁti&ﬁ%‘)ﬁw mobied the
M5 incorrectly decoding the packet is”low Furthernore, if tthe NAK is a bit
of zero enstajionstinetheites envettedsby comununigationdystem 180.ndp operatamirethess 10

power to the transm,ssjon of the NAK bi.i. Ip.an, exenpl gry, egbodi,ne an SA
code channéVst 'h??g%‘nwf%ax Ré&e e@e??éu%qrnﬂpl%f) O@ggpﬁﬂ_zé]d\‘;g%ﬂ%%l_eoﬁ;}f?
utilized tqriffiandinnel Farfiks W&.”@E@%ﬁuﬁ%ﬁé&%ﬁ‘elau@ ey’ T hddtidy 2
data packet intended for only one M5, at nost this M5"sends the SA, thus

achi evilflg aecessaiynfer demedudation tafelatd beingcarriad ar thestraffic deaimnelt ed
reverse |ink nmed; access .channel (R |y be utiljzed for ..

L ransnt ssi RBFe HEK ReRal g iR 1 G NART T PO BHPRIREY fsah Gpdispent
detecting g sRAwaaN TG, 2eheMeiReseiakhEI8bAnCRIdANS 5256 SRariels B gharket
is necessary. If the SAindicates that a retransni ssion is necessary, the

packet is d$raffiduthanriedr andt aanaeressidanngd OTher weverset eaffiacehanniel is

di ded. FI,G ,2.sh t he .f d Li ' ture t itted b
cach 85 1 ndeHRaiE TP HEhSHIEROR HEh o s ls MERF Ine B SoibFisti R eyt >
parti cybar Tepghederfeccessofiming] id Aked byRaMS & EoinvifiREtd Mith fth¥ BBt at i on

time slots. Each time slot is 1.b7 m I.?i seconds long. Each slot 202 is
di vi ded i nthe 2etwark paiot telastwhile gstaplishing aitradfic ishasnel208 transmitted

i thi h hal f_slot 204 | | i_ment h.slot .is 2048
chi ps. 1 ong,  cor MBepararaaplasy SoEARENT Lad TR PRy o ffast sighe
exenpl ary oialiey Rdttic Gfdibnals!reteibbdsfrodDBSss A6 BB Rfor! &atnpRNNIS 906)

centered at” the mdpoint of its associated half-slot 204. A reverse |1nk
power cont refeiyirgdorsardiliasigrel from mudsiple BSg identifies the BSsasspciatesl pi | ot

{ransntbt eV P e FERPRCHAIE forpal 1ER Bemdll TictSrabPRThS T M5 06,1 o1
t he second thén genératesia peddiciion bégldaah eateleet Whitkyr thef gadket efroe e (PEKR)

signals. Forward link traffic_channel data_is WO 02/ 19605 PCTI USQ1l/ 26946
sent in thef dahpackels peretveshom thesseleqied BS, 104 will potexpeedgytargatdPERe

remai ni ng pEEL gpﬁ% R 4_i 4
chips ' Io%%ﬁgp?gﬁtjtﬁaagjgr#{&?%%@ nce %fbg?(l:sﬁhda aqggébgl?%{fﬁ%ﬁésr %an%‘?e 214
i's M5 speciat whibkcaltadl ptobabilityf iis gtdwtanthars or @gual o the ¢arped FER. dhe
ticul . 5 S h d ket is divided, i tiple dat
Eﬁ,r t 'scggﬁé tgfﬁob%iii%?gse %ﬁe pr%&:gbﬁiatfr t?lat It%le éé/tluale siglnn oqurgﬂtyI gureingathae
packet transmission period is less than the signal quality required for

successful decoding of a packet correctly at a given rate. MS 106 then sends a
message on the reverse link 108b specifically to the selected BS 104,
requesting the data rate at which the specific selected BS may transmit
30 forward link data to the MS 104. The message may be sent on a data rate
control channel (DRC). The use of DRC is disclosed in a co-pending
application serial number 08/963,386 entitled: “A METHOD AND AN
APPARATUS FOR HIGH RATE DATA TRANSMISSION,” assigned to the



transmtted during a slot tinme, the first tinme slot contains the preanble
214 identifying the destination Ms for receiving the data streamin the
first andyewbgssesient time slots. FIG 3 is an exenplary flpomasarzesd a

met hod fox a BS to use a Quick 10 Automati c Request (QARQ schene to
transmt or retransmt a packet to a M5 in accordance with an enbodi nent.
At step 300, the BS receives a payload unit intended for transm ssion to a
M5. At step 302 the B S determ nes whether the payload unit is payl oad
unit to be assigneeiofttbe preserd maynb@dl, uand meonp@ratedr by seference hArem A

retransmss reguest be |t|ated 1 o Link p

(RP) ot ¢ eciokadteferst i Syrdltp Hiffes aplded SR tony B 6 RET o
-continues ifgr Ska@Ryid thhel rDR@ Sifo ARt Qa‘i‘e%l*sé tfePirlica®d (RRP, and
first-time queue. the payload unit is to be retransmtted, the nethod

cont i nues |snlezctlarp mcwlﬁdgmmht (HA) jaforsaatiomi t i s pr ovided to a

-retranspi ssi on At ste t he BS sseéfb_ I oad uni &E i nt nded
20 for & partic 4F\B‘atyom§mgt<§’&'k € TEVRESE eﬁni‘%f o8ISR ed in
accor dance Wy iradshiifAaf 68 itRE f&%&d BhR 108890 3R} Mok@tRaR forld 8 efdcd@én | S

based on the f eedback signal received over the reverse link fromthe

desti nat i oM§Elurihg edeh @MWMGM@I du aneemboidiimeht BS 464

| ot The fjrst t | .ot tt nbl The nbl
55 1 dent 11 SelScPha FRvwRIDtn G5 (RE; Popirite "Wt 10BEsed " Bou i seieiRE Ve
be transm t}fr@gedﬁl'eeﬁéé’l écPrtWa‘jaﬂdenﬂ'lé gﬁﬁﬂé bbtservite S{GH5)3 I’é}ﬁeﬁé of

transmts the data pac et i n accordanc th a schedul er or After the

dat a pa@keteanhMbawith tthe wlesire ttodnaximizesSthresgbput ththp sysmmfloa $S 104

Cocer vod( aahsrRits e hE M abk S 3t B BRE i BRed BT tnec igel recen DR o0
conti nues aﬁe@hg@ rédéived\ frofe Bhed HbstihAoAaMS106.5 TIHEDYAHKiEHOM fnBRed i1 St

time and retransm ssion queues, and the packet is discarded. If a NAK is
recei ved (omnegessary for 106ets>epeléd:)rm rate deteclipnire the formvandolink sigwl.

02119605 9,P /26946 t met hod,, can at At ste 316
par et or s MOTOPITPAGTES RS SoRoheAPERAEE dierr b uphecd 2R
that aipar tirfblsdét. packet will not be retransnmitted repeatedly, whi ch vvoul d

i ncrease buffer requirenents and decrease throughput of a conmunication
system The 5 pdnaﬂeeee@ Adiment| tie date packeiior nirapemission | indudepatket

can be retran nd .t he for, whic et, can inin
Che rrse. mhatble SRR shOTRER MMkl B kR0 WA ToRvRRE itk (PfcEP ok

par amet er s j dehigfyexg ¥Re gtenided aéétisetudrs MSNOERHh MO Fedditing thé Preambied
retransm ssion_queues, and the packet is discarded at a step 3 8 In this

scenari o, tdesodgRthe infosmagieniang, dnsed b $hendecosied Hmntlblél tabdishesy be

retran S/ r acket
o eodleanteBE Nt GEME nelded s aRER, BF 3n8°Aa A @I e%?% ofy
flowchart efestinaHbROMS begin® dédvotlinglske mmm\gemwaeecanm@me Tie 2 BS
in accordance w th gne enbodi nent. At step 15 400, the MS receives a data

unit of a @@ﬁﬁ%ﬁ%éﬂsﬁﬁtﬁﬁmﬁ@ﬂ?dﬁa rate of Abe datarin Hrecforyrasd %cket

in
404 The. peR B PRC AR SR E Rl & GRVELFIR BRETLLuR KO8,
the packet transmit enpacket wariepdidsed oviStheaddtd rate fatowhickt tuhelspacheisisemﬁocg to

wait f anot her packet, or in the alternative, the p e
r et ai ngé }@Cg%tﬁtse%r?&%l%eﬁfﬁﬂ? qne; $enf SWSIng| & gLeader Pﬁéhéﬁrr@?ﬁ%keﬁmsrf t he

pr eanbl e 'rﬁ{ "Bl dtinalidR M ediiek the récdil# HIBH phallet AN MPaLHR MGudBgpdes

t he packet at step uates a quality> metric
packet . At metmtc 4ssocidtéd w:\thl thet eecejved i data rpd cket: éﬁtb tqualitpahetric wftaic 25
“infornati o nt ai ne idg ece ved acket ar ared. |If the eyval uated

quality ne pecketmay: be ﬁeqr.ne 3R AGegRdanice; Walty . epuient Rfcihg do
not mat ch, r d Hi&_lk r Qor i SAis
“sent at st pg'g?[tc%é‘hg %@%ﬁ?ﬁbe K respoan rkreRé?or tahg&SAqggent
then sBart evaluatedpquidity metripandotie qhaht)emetnercorttamdl imi thearqueivest f or
whi ch the 30 waits for re Rsni ssi on, of the oad units . of e,
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packet. ar e gaqkrdid.oi TIRg o t:mlg Behmlt Bise® X WHidkh | iARIRRS' S6hdifg hREANRK
associ at ed th the WO 02! 19605 10

message from the MS to the BS if a data packet is correctly decoded, and no




PCTI US01126946 incorrectly decoded packet the QARQ processing is aborted
and the RLP handles the m ssing payload units. If the packet was correctly
decoded awoabap0810, an appropriate SAis sent at step 41@CTAISe1/p6é oad
units) contained in the packet are then stored ' 5 in a buffer at step 418.
At step 420, the RLP sequence nunber of the payload units is tested against
expect ed val ues of the RLP sequence nunid®r. |f the RLP sequence nunber

i ndicates contiguity, it nmeans that all the payload units of the packet
transm t t ednessagpds sehtvwhen thedeta packet &y insorrecilyislegoded. If theSA isiNAJay| oad

units wth,conti guous. s ence npunb 0 contained_in uffer are
brovi ded. + SRR TS ERE JoNA TSP BOBE S M B0, B8 it iE a e
-non-contigtaaytar;mettiglméoﬁ&rﬂfamtlg to the last NAK sent (which was
started at step™414) is checkéd at step 422. If the tiner has not expired,

the M5 waits forAnedvantage of onNAK: appraachiinglystes! bigh wveliabslity andpliovat i on
-of the ?i mer .for tt}e | ast I}IQthlent. 15 Lf .t he tirIEr for .&eparticul atr  NAK,
and confeqiss {rterifrance cith other reyerse ks, as WAl ag PORSIPLE RISE,SAVINGI. ¢ he
QARQ sche f 1€ ACBH R tﬁy{$ ' ' ' ed in
t he buffe?%vlf/it?%hg% %eﬁge nuﬁfger P;dhdéﬁp{aﬁg‘?\gi?ﬁ%ndrﬁdsg?ﬁgh%%%?ﬁ@
associ at ed aghid¢vingdopaintecierenceNoin thedreverser link awhehethe psobapilityi 0f the

associ at ed W.t.h the next NAK (jif any) are 20_provided to. an R.l.ayer.. at
rep a2 AbesrRe dersting he seke RuBes FREReRi0En & fieDak B ke
delivered RFHepdEndfiy, She NAKROARAHENER éhﬁ?'g?%ﬂd‘ﬁi&ﬂ@srnﬁf%ﬂlb%’t'etbésst he
RLP | ayer delivers ta fromthe buffer to a data sink at step 428.

O her wilfe, pawerRioPthedfyansmissimaot theNAKDitressage requesting retransni ssi on
of the 25 mi ssi units at step,430. In one.enbodient ., t RLP .npssage
requests retran gﬂ'n Ay %ﬂngia% ?IRBP a{rﬁgnﬂi 4 Eég C?J‘%:‘ Fgg’i“?]élt )} g?lﬂ%]rnfo ?thg

anot her entediBnink 108b Rhft bERABAGRaSESEP LRITARY 85 HirsshieNACK 8RN ARDe

| atest detected missing payload units, At” step 432, the nmessage is
transmi t t ednessages: hBecanisera BS| is ikansnitting s datapaddet imtendedgfor amlRidne

Cequence niMgert et is N end® he o i Rieng o 00 TiETulhce apy the”
det ai | g8 blregérsdi Bk 108, (Aelcehaatbai edbisen lifks hedlikd) ficesd Gharind] N (R-

accordance with an enbodi nent. WO 02/ 19605 11 PCT/ USQOL/ 26946 Data to be
del i vered tMAGSCH)eagrbe viliged ByCtrapsmission pf thenBREL IR, arel ACKYNAK PDSN

(not shown).. . The .dat a kS roattaed i nto pawl,oad uni,t nder the control of
a RLP pr QCéEg"&P‘%EP&-_ F'lelr_l’ﬁ BSO esrsg?tegﬁggaq?\s)éAs ?J]i"l"%ls a&*"*&f‘&f‘ﬁ b‘h”E‘%*?‘_e%cfz W th
i nf or mat i orefanMisdioe Nopabkepacket ¢s hevbssaepluedf aliel BA SindedatéN IRk d on.
The retransm ssion request is delivered to the RLP processor 504 through

t he RLP medetigasmission i isuneeessaty, dthe pasketeis sehedided ufer sefrangmyssign.

backha?g F;b&%{‘é%éég‘%&é%g%g#&aw (M5 106 in this exanple) for which

t he da [ e pay units that arrived at BS 104 through the

backhaul 110 ar eFIGOZshangﬂmdefdrwwdtlﬂﬂési?nahbaucﬁ&@.trﬂ\sﬁﬂ&éwb leablBS est s
whet her the payload units are new payl oad units or payload units provided

by the RLPipradeexaspploy high data e systesn . iny peeoredapsg | wilh anpasghalar t o be
retransmtt ne npayl it . oyl dad . . tﬁ-ggf_' e e
510. O hervﬁgg%?&p%egﬁbaﬁggr un]%utﬁéa%ggg%r%{\?i gfel'da?%algt?i r's m%ﬁgﬂueﬁgqgo&
The payl oadlotsi Eaclhtine isbot is 1.67 milliseconds long. Each slot 202 is divided into

25 two half-slots 204, with a pilot burst 208 transmitted within each half-slot

204. In an exemplary embodiment, each slot is 2048 chips long,

corresponding to a 1.67 millisecond slot duration. In an exemplary
embodiment, each pilot burst 208 is 96 chips long, and is centered at the mid-
point of its associated half-slot 204. A reverse link power control (RPC)
30 signal 206 is transmitted on both sides of the pilot burst 208b in every second
half-slot 204b. The RPC signal may be transmitted for 64 chips immediately
before and 64 chips immediately after the second pilot burst 208b to regulate
the power of the reverse link signals. Forward link traffic channel data is
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15 assenbl ed into packets in accordance with a data rate requested by M
106. Assenbl ed packets are provided to a scheduler 512. The schedul er 512
cooper at agQb/idso® QARQ controll er 518 on assigning priori PgTSO1IESSS t he
first tinme packets and the packets intended for retransm ssion to M5 106.
The packet transmtted to the M5 106 remains in the queues 508 and 510', 20
while the BS 104 waits for a SA from M58106. The data units are transmtted
over forward link 108a to M5 106. The packets. arriving at M5 106 over the
forward |i séntl@Bather eeprainirgedponsionspé@rifl ¢helefiestt balfSdet 2Macindetlet s
and decodes a pr.eanbl e of ckets. .Th r | e,i s _provyi.ded to.a
processor 58MAlfiRg (B?rgmh?) a#ﬁogg‘et %OBQ}@E%QOE ﬁ@%@a{‘@’lﬁ\éﬁgf‘% OLps

preanbl e. E&g%aﬁakiettﬁm Nét%%bﬂ@é‘fbxf e&&t?dgfa £ Tl 1Al {shgrgpacket

I s intende r anot her . erw se, th cket is provided to a decoder
522, whi chspedfiddecatse the bmffic Theandel stteanp is ktended pfosva gadticudan MS.
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processor id@éntifiying HvevdestinastiqaM$ dor recaiving, thdodetaestreaaneinsttiel fiesfl andl t he

art will ap;‘)‘éeci ate that the physical distinction is nmade for WO 02119605
12 PCT/ USO® W“&Pﬁ?‘%ﬁ&tﬁry pur poses. Preanbl e detector 520, decoder 522,

and processor 5%1G.”?¥s Qﬁ_é)&i%l%gy? FoRFtHatt Bf @ RLMHYE f6F wahsé‘%@ﬁi’éﬂ shing

all the processing functions. eover, transm ssion and reception o
f or war d0 andutemeatireRequésts((QARLY schemlevid trahemif ongetransmiuahpacketido a

channel genperation and 5 RF/JF unit hat are, pot s for,sinplicity. One
ski | l'ed i n Mfdnapecorfpnes Withsay paibaditRentincaf Slep S0t B 28 cives @
confi gurat ;pg R)gfﬂr $aterided o6 @éﬁﬁﬁisai%e&%aaymsf.orw%grksoz SheMpBHs1 ON

and recept orward and reverse link signals. If a patket was
i ncorr ect | detiroddesiwhether, thenpayead natitis ajpayloagd weitrtodbe2ransmittéd ogual ity

metric contaihed in the received cket do not match, an SA i,s sent d a
i ner 530 PaVItaduikly be SElRnEmIPR haeBRnRRtsson arsua Y ba itad s o
NAK 1 eps es%alfﬁgta_yra@i&)uﬁu@ rORROE EREPPRCAGY ste .elf%fépﬁéﬁp%_&ﬁﬁ ib [tgee 530
istolimt périod for ich M5 106 waits fOr retrahsm ssion of the

payl oad unittansofittetl ethenomathodt ¢ontitumsdedstepd06: in Whichahgagdydead unit & of 15

the incorrectl, coded packet are t received.w.thip the ti 3

expi 1 at | on PERVIEH 1t HistbtRaausBeod! hedtmipad LS Ho Be refensitted iy
packet, then AR UrtaASS 1Y siép 308N #EWhich rﬂﬁbrﬁ&&fﬂﬁhaﬁlﬁﬂ @f%\rgbﬁiéﬂ £ 119
payl oad units is handled by RCP processor 526." IT a packet s correctly

decoded, t metrarsrhissioruquieue ) At stapad0fe dhe BS Assepublps plagloagh unids dntemded a

buffer 528, The RLP seq e number t he pavlo Nid S. ntained .in the
packet 275 EffeE R SyIE NS 0B 6 ek, the. Fufis 4 wiiBi b, SPRERHE 5w
sequence nyakfbantd wittea IBdAsHESHIEN R4 HTEE ThedHta FhRSofCBIY pakket ¥s basdd t he
payl oad units with contiguous sequence nunbers contained in the buffer 528

axe provi des the aDRCP fee sigrebereceiyed; ipvewni the reverss dink sfzom the

correspondi 10, asts NAK se | K e .t

expired, tﬂgg%%%'%‘g%hi 1sleaérﬁlet§1 ockgdwgﬁéeﬁ%?l*‘jeﬁé‘gz%‘?érgﬁb‘h ? ﬁ’é@(l\)%r%G

wai ts for gRits.alsenfast einefslohs fapsinifedayithatheuprédmble. eShier préaanble t he
timer 530 for the last NAK sent. If the tiper 530 for %ﬁarticul_ar NAK f or
a part Peul idenfifiesghenintendey dastinaitpruMS. s Tha preamble could altemnatively ke units

1L U1 o AL B A T i

associ at ed thé datd packeeih ddébrdariceanith fschedideri daibrt CARRP the data packet
has been transmitted, the BS tests at step 312 if a SA corresponding to the
transmitted data packet was received.

30 If an ACK is received (or a NAK is not received) in the expected time
slot, the method continues at step 314. At step 314, the packet is removed
from the first- time and retransmission queues, and the packet is discarded.
If a NAK is received (or an ACK is not received) in the expected time slot,



processor 526. WO 02/ 19605 13 PCT/USA /26946 The RLP processor 526 checks
t he sequence nunbers of the delivered payload units. If the sequence nunber
i ndi cat eswomendasi ty, the RLP processor 526 delivers dat aPOTarsol/ee4buf f er
528 to the data sink 534. Ot herw se, the RLP processor 526 instructs RLP
message generator 532 to 5 generate an RLP nessage requesting

retransm ssion of the nmissing units. In%ne enmbodi ment, the RLP nmessage
requests retransmssion of all of the missing units in the buffer 528. In
anot her entibdimethod t eentipuesn gt stepudlh- s Abtstep sHibs pasametersnrgnirplingt est

roverso. | 1 MEcepepiiogZhnt ldy, T8 FERIREER 3oty ol o FRriki: Widieh g
't he BS 104 willer nbhebeevvetatshiiftkd | TepeatetBed witich SAodRl eah@eadel 4baffdr an

RLP nessage detector 516, If the received data contains an ACK, which is
det ect ed i reguirgstents ;ind decrease tigaraghpant pbial epmprgnicatione systam. patket

decreahe
+associ ated with the ACK fr t ueues. 508 510. ,.lf a NAK,i s received,
the_OnRb camErRelas wry st e HRKERur mufliber ok s poprokey o Be
retransm sseganiRlied s RE ded mdximiin Qifﬁgrfoﬁﬁ&’hi@ﬁb@ﬁh&@}toantﬁ&lﬂﬁf Breher s
I ncl ude the maxi mum nunber of tinmes a packet can be retransmtted and the

maxi num t i fisst-tmengueneaafierc the peeketrhamibeen riransmitiedst -¥i the parame®os
ft th ket h t 1tted, t t ded, th
ARG cont r STite,xsaeert 1A RARRP B kiibed frob P BEATELE Rd iBa SRR REIGT
Qtherwi se, duefeéRANQA GRNbadet & diaddded st lUstep 31Be IACHher ve@iarf] Zhé RARChe

packet be rescheduled for transm ssion with higher priority. The packet is
noved. 10r oretraBsmission t prasessing ends sind the: packet maynbe setsansmitied 3ywon f t he

QARQ contrqller.,5 Lo t e nan kpow e d et, resi.des in
the it eribstydf 656 PREDuRREs Wk 1ol aRPRARE 8" b s DRl 161

retransm sgeREnEMESRIA at M'té;hg,jz@, detected by the RLP nessage detector 516,
t he detector 516 Erovi des the RLP nessage to the RLP processor 504 through

the backhaul 116IGTAds rnexsmplagsBewsharttofch method sfos anpy Mt teluse QARQ

Fra o1 JReRtetle NRsShed (b F BRI BhRAERCA it BRE o Re VA Med s
106 and5an 466, theaVSfetéivds brduta Mnitléa dhth phces fivr thé BS. 3At UL, tleeei ves

a packet over the faorward chanpel |ink 108, and determnes if the = WO
02/ 19605 1preamble of the packet is extracted. The preamble is compared with a

reference preamble at step 404. The packet is discarded at a step 406 if the

preamble indicates that the packet is intended for another MS, and the flow

returns to step 400 to wait for another packet, or in the alternative, the packet

20 may be retained for soft combining with retransmissions of the same packet.

If the preamble indicates that the packet is intended for the MS, the MS

decodes the packet at step 408 and evaluates a quality metric of the received
packet.

At step 410, the evaluated quality metric and the quality metric

25 information contained in the received packet are compared. If the evaluated

quality metric and the quality metric contained in the received packet do not

match, indicating improper decoding of the packet, an appropriate SA is sent

at step 412. The SA may be a NAK response. A timer for the SA sent then

starts at step 414. The purpose of the timer is to limit a period for which the

30 MS waits for retransmission of the payload units of the incorrectly decoded

packet. If the payload units of the incorrectly decoded packet are not received

within the timer expiration period for the NAK, associated with the



PCT/ USQ / 26946 packet was intended for M5 106. The M5 106 discards the
packet if the packet was not intended for the M5 106. O herw se, the M5 106
decodes twe opassb®et, eval uates a quality netric of the pacRET/USAMIHONpar es
the evaluated quality nmetric with the quality nmetric contained in the
packet in slots n-2 and n-1. ' S In slot_l , M5 106 sends an SA back to BS
104 over the reverse channel |ink 108b. ¥n sl ot n+1, the SA recel ved at BS

ot ansnt | SRS HAPOHPd kel iR (ARG HOGRSIIS dh PNERG AL HE L he

retransm o]

recei ved f nd the reverse I|nk channel 108b |s
RIS I iarIdad i

synchroni z , the relative position of slots on the
.forward channel If ith& pfaeRet amad dohmcﬂyvéemdedhatnstep 410n An 14 Bhropsiate B is BS

104 can measure a roynd hetween BS nd 106 Conse ntly,
the time s|ssmtrﬁtwiﬁ e Bavlied fnafle) GMtariod it 4Be Farken e eRosORes, ned!
-The rel gti t}ﬁiw C R
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sendi ng a Sﬂutsasltesﬂedeagamdt@xpected valuds ofﬂtesRhBeseqhyncdas.mMr.can associ at e

each packet wit A. One skilled.n the art w |l underst FI G
6 is provided teft ‘F r%qélePFﬁenBH}h?éﬁP& ¥trﬂ%ar?‘ﬁjﬁi?ératlg$l"§l ots

al I ocat ed fga:y GadPahits C4Y e g&a@t msrﬁﬂ?émo BedMS %@%ﬂgfgyg:eeweaat ing

of 20 a qu yrretrlc may occur 1 n nore or |ess than
Fur t her nor €orseqtiantly o\adintthe apayload eumits | withaconatigaouse. spquehea ghlumbiers

ket , del ) t th dt k t t
ot horlOcrisbtayont. in e Pulak b OGRS 1 L RLELEFLH BBy Sﬁfiﬁsﬁ&%g and
the SAis @eﬁﬁéﬂé‘ﬁﬁhﬁaeﬁlyu{dﬁétw ndg-¢dH | B h&‘nélheoéés Sndif \t'\@e?l@e

packet is t e 25 retransmtted. An ex I"ary bl ock di agr
pi | ot / DRC dastrNAK sent (whidwy wrasstdriterk at stephdid) is whetked at |ste1:a422)r dbbtbe with

an enbodi he DRC nessage,i s ovi ded. to encoder 62 whi ch

encodes tﬂzl eTPh e&@é’@%ﬁa‘#@e a.g S o5 k] Iﬂ’éﬁw@ocﬂf} g‘% JHFEing

Codi ng of r r probability of
?&gg%g%g Y tioh éf"‘ﬂ% iRl foraaBet NISK Qehe

the DRC ne e sufficrently | ow because | ncorrect forward |ink
data rdbe deter Iifﬂmhmerlfmpacparm:hlarsMﬂIénamdlmougéqnmt fpartiemlae set nft he

exenpl ary enpodi nent e coder .62 b ock enco,

that encod@@SSngPaPpa 663 F‘ﬁé%tg‘%%&% %%&8%@9@5&5‘ fo an
8-Dbi t code jygp ﬁeahemngag?qd%m&ﬁeaem She' Buffee itle dBdubhed Rimbés.

whi ch covers the nessa h the Wal sh code that uniquely identifies the

dest i nat i orhiglerf ﬂnam/l’ahe hnlsbmmlmadsiaglés iassoltiatedt with e pastiodac A K s

Tl L i exerENeaan B EYeoH N AROCIATEd Mt G TR ROk CBieRot e,

Ref er r hpg tpioﬁdédt%aﬁRmﬁXé@at'dt 4ghpannel slot structure is shown in
accordance"wi th an enbodi ne frame may be divided into 16 sI ots At

| east one of the‘\tslstﬁm‘lﬁ-‘éytb@ l&delaygr ‘ﬂwsk%rrﬂ@sﬁ@qu@icetmlm thes 10

and pilot d t ho rfor by shown
to include ‘feﬁ'ilg fﬁ.‘, @% @%hg‘?ﬁ‘{e@ftéfﬁﬁﬁ éﬂ Fleg 6{;%&%% t@%e on
the ot her IRlp laqfertd&veas“raaﬁl fQ(t)m thieebu?Rée taes dagesiakcatistep ARBOOthetwisEt i on
may be placed in any part of the tinme slot. Referring to Pig. 4 again, at

steps 412 4he RLB layer generatesran LI mepsage sequestingsetransinagion ofakhe

nmessagef or. i S ics
e 92b! Geissils Uiy 8F'sted At i oRSEb G S AP RTE Blsthed gl | °5
and 416 depetidfseiissibrt béralhtofs tie ﬂﬁ)&mgeuﬂ&shm et dniffed. a Imr%nither
natchlng a preanble assigned to the M5. A packet of data nay be divi ded

into sever @nnmd%e trdbr RhPt messageaFeaHests: getransmissian Lisedly thedatesich
“unit of dat t t. th
o o ooyl S BBRUAS R TR ATMRe 58S Relllet s o bYEE

the reverse link to the serving BS. Although an RLP processor is shown,

30 other protocols allowing retransmission based on sequence number
methods can be utilized.
FIG. 5 shows an exemplary detailed block diagram of the

communication system 100 of FIG. 1 in accordance with an embodiment.



mat ch the preanbl e before deciding whether to decode the data. Data units
subsequent to the first data unit nmay not have the preanble. The nobile
unit keepwotmagéosof the data unit sequence nunbers unit alPCTdm0n269méts have
25 been received. If a data unit is received and decoded wi t hout passing
the metric at step 410, the nobile unit gsends a NAK nessage to the BS for
retransm ssion of the failed data unit. 1if the data unit passes the netric,
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access st atff‘oﬁ%e'P‘DﬁNa(hbﬁgﬂt?vgﬁ?.c Theatdta'th frrRathel P}Ttﬁﬁ:a\[}?ﬁd mﬁeg{aﬁ% be a

connected state when the n a communi catl on B ot her
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data unit P8 BE% REGHERE: e AP EHsons Hegia 10 FhBERIse, e diteed o
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provided to a preamble detector 520, which detects and decodes a preamble of
- the packets. The preamble is provided to a processor 521, which compares
25 the decoded preamble to a reference preamble. The packet is discarded if the
preamble indicates that the packet is intended for another MS. Otherwise,
the packet is provided to a decoder 522, which decodes the packet. The
decoded packet is provided to a processor 521, which evaluates a quality
metric of the packet. The evaluated quality metric and the quality metric
30 contained in the received packet are compared, and based on the comparison
an SA generator 524 generates an appropriate SA. Preamble detector 520,
decoder 522, and processor 521 are shown as separate elements. However,

one skilled in the art will appreciate that the physical distinction is made for
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payload units is handled by RLP processor 526.
If a packet was correctly decoded, the payload unit(s) contained in the
20  packet are stored in a buffer 528. The RLP sequence number of the payload
unit(s) contained in the packet is checked by the decoder 522 against an
expected value of the RLP sequence number. If the RLP sequence number
indicates contiguity, all the payload units with contiguous sequence
numbers contained in the buffer 528 are provided to a RLP processor 526.
25  Otherwise, the timer 530, corresponding to the last NAK sent, is checked. If
the time has not expired, the payload units are stored in the buffer 528, and
the MS 106 waits for retransmission of the missing payload units or
expiration of the timer 530 for the last NAK sent. If the timer 530 for a
particular NAK for a particular set of missing payload units has expired, all
30 payload units in the buffer 528 with sequence number higher than the
missing units associated with the particular NAK and lower than the
missing units associated with the next NAK, if any, are provided to RLP

processor 526.



19 PCT/USA /26946 CLAIMS 1. An apparatus in a comuni cation system
conprising: 2 atransmtter operative to transmt ACK/ NAK i nformation on an
ACK/ NAK cWermabeos4 a channel gate for gating said ACK/ NAKpoitarsogkeddased on
whet her a conpani on recei ver has detected a matching preanble in .a 6 data
unit received by said receiver. 2. The apparatus as recited in claim1l
wherein said data unit is a first 2 data3unit in a series of data units

conprising a data packet. 3. The apparatus as recited_.in claim 1l wherein
sai d channel gatﬂlezlﬁafep@?ﬂ%sqrr%ﬁh 5 Jhe sequence nurrherk ofHha elivgred said

receiver h | : r hye ' | n.sai.d d bt. 4.
The appar at as)hg%& ?1@%&% 1%quie1¥e|s§1&lgal%a%‘%§]%i BE‘ giég?%sﬁldl?glgﬁh %’ a&EggﬁﬂP
nmodul at or fprocessdyl 526 rteliversl d&l4/ K dhorbwfiféro5284t@ thel tdagd istrik f §34.V\l sh
covering a result of said BPSK nodul ator to produce Wal sh covered_ACK/ NAK
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ACK/ NAK chagiee lenhlsodin®stit) ahedRLPr nibssfid @equdsta reRahémibsidn doft alleofSlthe -
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slot tine iThatwessage Bfthensraisrhittadigverstie fevefisdl link A08binb B8 10 system 9.

The appar atus of_cl acjém 5 further conpri %ag: 2 a reverse_channel spreader
operatile to sprEi Gat? CORIANNG stiiegSAy aRer armdying: afsthes 85 104 rovars she

transmtter ' ' | yaﬁ%le C riskdg:
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from the queues 508 and 510. If a NAK is received, the QARQ controller 518

15  checks whether parameters controlling retransmission were exceeded. In an

exemplary embodiment, the parameters include the maximum number of
times a packet can be retransmitted and the maximum time for which a
packet can remain in the first-time queue 508 after the packet has been
transmitted. If the parameters were exceeded, the QARQ controller 518
20 removes the packet form the queues 508 and 510. Otherwise, the QARQ
controller 518 instructs the scheduler 512 that the packet be rescheduled for
transmission with higher priority. The packet is moved from the first-time
queue 508 to the retransmission queue 510 if the QARQ controller 518
determines that the non-acknowledged packet resides in the first time queue
25 508.

If the received data contains an RLP retransmission request, which is
detected by the RLP message detector 516, the detector 516 provides the RLP
message to the RLP processor 504 through the backhaul 110. The RLP
processor 504 then initiates procedure for re-transmitting the packet in

30 accordance with the RLP implementation.

FIG. 6 illustrates a timing relationship between a packet received at
MS 106 and an SA transmitted from MS 106. In slots n-4 or n-3, MS 106
receives a packet over the forward channel link 108, and determines if the



2 unit in a series of data units conprising a data packet. 12. The net hod
as recited in claim 10 wherein said gating prevents 2 transm ssion of said
ACK/ NAK ahentyedcosvhen sai d receiver has failed to recei ve parasob269hi ng
preanble in said data unit. 13. The nethod as recited in claim 10 wherein
transm ssion of said 2 ACK/ NAK informati on on said ACK/ NAK channel is
enpl oyed for a duration of a portion of 4 tine slot. 14. The nethod as

recited in claim10 wherein sai d ACK/ NAK channel 2 slot timng is skewed by
a portion dgfacketswas intended forMS 06t The M i0a dissards thei prckehifithiecpadkeh
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provided to illustrate the concept. Consequently, the number of slots

allocated for a particular event may change, e.g., decoding and evaluating of
20 a quality metric may occur in more or less than two slots. Furthermore,

certain events are inherently variable, e.g., length of a packet, delay between

the SA reception and the packet retransmission. In another embodiment,

the relation between the received packet processing and the SA is

determinable by including information in the SA as to which packet is to be
25 retransmitted.

An exemplary block diagram of the pilot/DRC channel on the reverse
link is shown in FIG. 7 in accordance with an embodiment. The DRC
message is provided to DRC encoder 626, which encodes the message in
accordance with a predetermined coding format. Coding of the DRC

30 message is important because the error probability of the DRC message needs
to be sufficiently low because incorrect forward link data rate determination
impacts the system throughput performance. In the exemplary
embodiment, DRC encoder 626 is a rate (8,4) CRC block encoder that encodes
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message with the pilot data.
Referring to Fig. 8, a reverse link channel slot structure is shown in
accordance with an embodiment. Each frame may be divided into 16 slots.
At least one of the slots may be used for transmission of the DRC messages
10 and pilot data. Although the muxing operation performed by MUX 630 is
* shown to include the DRC message on one half of a slot and the pilot
message on the other half of the same slot, the DRC message and the pilot
information may be placed in any part of the time slot.
Referring to Fig. 4 again, at steps 412 and 416, an SA generator
15  generates either an ACK or NAK message for transmission to the BS based
on the comparison of the metrics made at block 410. Generating either NAK
or ACK at respectively steps 412 and 416 depends on whether at step 402 the
MS has detected a preamble matching a preamble assigned to the MS. A
packet of data may be divided into several units. Each unit is transmitted
20 during a slot time. Each unit of data has a sequence number. The first data
unit is transmitted with a preamble. The mobile unit must first detect and
match the preamble before deciding whether to decode the data. Data units
subsequent to the first data unit may not have the preamble. The mobile
unit keeps track of the data unit sequence numbers unit all data units have
25 been received. If a data unit is received and decoded without passing the
metric at step 410, the mobile unit sends a NAK message to the BS for
retransmission of the failed data unit. If the data unit passes the metric, the
MS sends an ACK message at step 416 to the BS.
A MS in an exemplary embodiment may have three operating states.
30 The first state may be an access state for initializing a contact with a BS. The
next state may be a connected state when the MS is in a communication link
with the BS. Another state may be an idle state when the MS processing

activities are reduced for conserving battery power but nevertheless the MS
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10 logical connected state is when the MS expects to receive a data packet but
has not detected the first data unit carrying the preamble. To limit
transmission of ACK/NAK messages on the reverse link by several MSs in a
connected state, each MS is required to receive the preamble before
transmitting ACK/NAK messages. As a result, the MSs in the second logical

15  connected state transmit ACK/NAK messages. In order for a MS to get into
the second logical connected state, preamble of the first data unit of a data
packet must match at step 404. The “yes” indicator at the preamble match
step 404 may be used to gate an ACK/NAK reverse channel transmitted
from the MSs.

20 Referring to Fig. 7 again, the exemplary reverse link architecture in
accordance with an embodiment includes a reverse channel ACK/NAK
channel which is gated at a gate block 699. The gating control is generated by
step 404. The gating control allows transmission of the ACK/NAK reverse
channel when the preamble of the first data unit of a data packet has

25 matched at the MS. The ACK/NAK message transmitted on the ACK/NAK
reverse channel may be limited to a single data bit or symbol. The
ACK/NAK message passes and repeats through a BPSK modulator shown at
blocks 698 and 697. The BPSK-modulated ACK/NAK message is Walsh
covered at block 696. The Walsh covered signal passes through a gain block

30 695 before being summed at a summer 694 with signals from the DRC and
pilot channels. The ACK/NAK message, DRC message, and pilot data are
provided to multipliers 650a and 650c, which spread the data with the PN_I
and PN_Q signals, respectively. Thus, the ACK/NAK, DRC messages, and
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& s10% () 5 is encoded in a DRC encoder block 626. A Walsh generator 624 generates the
Walsh functions for Walsh covering the encoded DRC message in a
multiplier 628. Walsh covered DRC message and pilot data are multiplexed

10 in a MUX block 630. The results are summed in summer 694 with the gated
NAK/ACK channel. The results of the summer 694 are channel spread in
multipliers 650a and 650c. Code generators 642 and 644 generate long and
short codes. The codes are multiplied in multipliers 646a and 646b to
generate PN-I and PN-Q. A block 640 may provide the timing and control

15 functions. The PN-I and PN-Q are used for channel spreading performed by
multipliers 650a-d. The results of multipliers 650a-d passed through filters
652a-d. The outputs of filters 652a and 652b are summed in a summer 654a
to generate I-channel, and outputs of filters 652c and 652d are summed in a
summer 654b to generate the Q-channel.

20 Referring to Fig. 8, the ACK/NAK reverse channel may be half a slot
time long. The ACK/NAK channel slot timing is set such that the receiver
in the BS can decode the ACK/NAK information as quickly as possible. In
an exemplary embodiment, the ACK/NAK half slot timing may be
positioned in the first half slot timing of a time slot. Alternatively, the

25 ACK/NAK reverse channel slot timing may be offset as much as a half slot
time with respect to reverse DRC/pilot channel slot timing or other slot
timings. The ACK/NAK reverse channel may alternatively occupy the
entire slot timing.

The previous description of the preferred embodiments is provided to

30 enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
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0% )4 By a channel gate for gating said ACK/NAK channel based on
whether a companion receiver has detected a matching preamble in.a

6 data unit received by said receiver.

2. The apparatus as recited in claim 1 wherein said data unit is a first

2 data unit in a series of data units comprising a data packet.

3. The apparatus as recited in claim 1 wherein said channel gate
2 prevents transmission of said ACK/NAK channel when said receiver has

failed to receive said matching preamble in said data unit.

4. The apparatus of claim 1 wherein said transmitter includes:

2 a BPSK modulator for modulating said ACK/NAK
information;

4 a multiplier for Walsh covering a result of said BPSK

modulator to produce Walsh covered ACK/NAK information for
6 transmission on said ACK/NAK channel.

5. The apparatus of claim 1 further comprising:
2 a summer for summing said ACK/NAK channel and a data
rate control/pilot channel.

6. The apparatus of claim 1 wherein said ACK/NAK channel is
2 employed for duration of a portion of a time slot .
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communication system.

8. The apparatus of claim 1 wherein said ACK/NAK channel is
2  transmitted by a portion of a slot time in advance of a slot timing used in

said communication system.

9. The apparatus of claim 5 further comprising:
2 a reverse channel spreader operative to spread a result of said

summer for transmission from said transmitter.

10. A method in a communication system comprising;:
2 transmitting ACK/NAK information on an ACK/NAK channel;
gating said ACK/NAK channel based on whether a matching

4 preamble is detected in a received data unit.

11. The method as recited in claim 10 wherein said data unit is a first data

2 unit in a series of data units comprising a data packet.

12 The method as recited in claim 10 wherein said gating prevents
2 transmission of said ACK/NAK channel when said receiver has failed to

receive said matching preamble in said data unit.

13. The method as recited in claim 10 wherein transmission of said
2 ACK/NAK information on said ACK/NAK channel is employed for a

duration of a portion of a time slot.

14. The method as recited in claim 10 wherein said ACK/NAK channel
2 slot timing is skewed by a portion of a slot time from a slot timing used in

said communication system.
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16.  The method as recited in claim 10 further comprising:
2 modulating said ACK/NAK information according to a BPSK
modulation scheme;
4 multiplying, for Walsh covering, a result of said modulating
with a Walsh code to produce Walsh covered ACK/NAK information.

17.  The method as recited in claim10 further comprising:
2 summing said ACK/NAK channel and a data rate control/pilot

channel.

18.  The method as recited in claim 17 further comprising:

2 spreading a result of said summing for transmission.



