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BACKGROUND Field [1001] The present invention relates generally to

conmuni cawioas®yi7and nore specifically, to inproving the freadsasbs3os

channel information, which can be wused to inprove the scheduling and rate
control of traffic over a wreless comunication system Background

[ 1002] The field of wireless communi cati ons has many appl i cations

including, e.g., cordless tel eTI%ho es, Pﬁ"t"g gj[ wireless | ocal |oops,
personal  digital aSSTE ANPIMETBPALCR FHANEEN HUALE Y. FREMPKand satel lite

communi cation systens. A particularly inportant application is cellular

t el ephone systens for nobile subscribers. As used herein, the term
"cellular" system enconpasses both cellular and personal conmuni cation
services (PCS) frequencies. Various over-the-air interfaces have been
devel oped for such cellular tel ephone systens including, e.g., frequency
division nultiple access (FDMA), BACKGROUNDultiple access (TDWA), and
code division nultiple access (CDMA). In connection therewith, various
domestic and international standards have been established including,

e.g., Adva Mobi | e Phone Service (AWPS), d obal Systemfor Mbile
(GsM, and I erim Standard 95 (1S-95). 1S-95 and its derivatives, IS 95A,

| S-95B, ANP 00H]STDOFIY Brdseint @iventibarrertes geseralig d cme:lnyumgat&ms andInore5) ,
and proposed hi gh data-rate systems are pronul gated by

Tel ecorrrrunﬁ@&@'f'@%“w ﬁ@ugiWS’V'Asttﬁ@l teedback 1af ghagning! mfﬁematm | wRighwpAR P€ndar ds
podies. | 19834 £EmbIRE Il SBROGG RAEER AteBt’ §1rafticA666F GANfRINSt h the
t he 5 andard enpl oy

use of processing techniques to

provi de hicghinguritatian systemnd r obust cel I uI ar t el ephone service. Exenplary
cellular tel ephone systens configured substantially in accordance with the
use of the WO 03/071721 PCT/ US03/ 05373 020248 2 1S-95 standard are

descri bed igycWgdungat ent Nos. 5,103,459 and 4,901, 307, which are assigned
to the assi gneg the present invention and incorporated by reference
herein. An [‘é&@ipl arlye sfielde nofutwiréless g comvpunieatiansyuras i manie applications

including, e.g., cordless telephones, paging, wireless local loops, personal
digital assistants (PDAs), Internet telephony, and satellite communication
systems. A particularly important application is cellular telephone systems for
mobile subscribers. As used herein, the term “cellular’ system encompasses
both cellular and personal communication services (PCS) frequencies. Various
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 Service (AMPS), Global System for
Mobile (GSM), and Interim Standard 95 (IS-95). 1S-95 and its derivatives, IS-
95A, 1S-95B, ANSI J-STD-008 (often referred to collectively herein as 1S-95),
and proposed high-data-rate systems are promulgated by the
Telecommunication Industry Association (TIA) and other well known standards
bodies.

[1003] Cellular telephone systems configured in accordance with the use of
the 1S-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust cellular telephone service. Exemplary cellular
telephone systems configured substantially in accordance with the use of the



cdma2000 | TU-R Radi o Transm ssion Technol ogy (RTT) Candi date Subm ssion
(referred to herein as cdna2000), issued by the TIA The standard for
cdma2000 we ogvigat i n t he draft versions of IS 2000 and hagChasns/epps oved by
the TI A anBR02¢®PP2. Anot her CDMA standard is the WCDMA standard, as

enbodi ed in 3rd Generation Partnership Broject "3GPP", Docunment Nos. 3G TS

25.211, 3G TS 25.212, 3G TS 25. 213, d TS, 25.214 1004] . Th
t el _ecom‘runl%gﬁi %tﬁn_ archare deseribedy Iy ge p}&_@ngkéﬁpﬁko%%s%rﬁ%ﬂ 45(%}’?939)?’ t he
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various conmuni cation” systens ar so that renpte stations” can
transmt i rdferenmei bargirgaidi egemplaryusysten ofilizimg CDMAs teckiguesesithm t o a

serving  badwaeBRbT B St R sHEn S roReydr ) LA etk g s
formats, apdfdii®l tbi AbRGn 0ds fckRIabo) Meudd@ByMies MAS. Al stamddier fort 0

control the power levels of reverse |link transm ssions. [1005] As used
herein, "fodma2g00iiskgivancinghe drafttvessions ed ib206nandinas hreen agpreved byase

i rectod 1 PR AL PEPRAT e GERIE Stabdia S - ERNAMERAR. 35 (e
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the rever sEO0 " The telPfomARARRYBH silndfidl decandf Bt ekampls B bk, 1P
condi t i onssofmerafche vadofi® commiiricationt systems disataas, besingpleaentacheSome of
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C/I.%?Aratio, can be G(e)iﬁserv db ? rempt e, station,
whi ch  epoESeoVRIPY FOMTRHTIGH N S S es, A ciaureq so; At rofdte, slicdisay i on
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selectively. For exanple, if e renote station reports the presence of a
deep fade, seivinbhssge statiani drhisvobanneldanfoamnation candberbielused ky theasseyMingsi on

ntil the fading condition. Al ' t '
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station may decide to alter the data rate at WD 03/071721 PCT/ US03/ 05373

020248 3 {@verse linlaHaRSNSSEMS. are sent, by transmitting data in formats
that can Cf'fddﬁ] As used herein, “forward link” refers to the transmissions directed

from a base station to a remote station and “reverse link” refers to transmissions

directed from a remote station to a base station. The forward link and the
reverse link are uncorrelated, meaning that observations of one do not facilitate
the prediction of the other. However, for stationary and slow-moving remote
stations, the characteristics of the forward link transmission path will be
observed to be similar to the characteristics of the reverse link transmission
path in a statistical sense.

[1006] Channel conditions of received forward link transmissions, such as
the carrier-to-interference (C/I) ratio, can be observed by a remote station,
which reports such information to a serving base station. The base station then
uses this knowledge to schedule transmissions to the remote station selectively.
For example, if the remote station reports the presence of a deep fade, the base
station would refrain from scheduling a transmission until the fading condition
passes. Alternatively, the base station may decide to schedule a transmission,
but at a high transmission power level in order to compensate for the fading
condition. Alternatively, the base station may decide to alter the data rate at



nore information bits. For exanple, if the channel conditions are bad, data
can be transmtted in a transm ssion format wth redundancies so that
corrupt edwosgnboks are nore likely to be recoverabl e. Heneel/ushgossdat a

t hr oughput 020248 ower than if a transm ssion format w t hout redundancies
were used instead. [1007] The base statBon can al so use this channel

i nformation to bal ance the power |evels of all the {em)te stations within

oper ati ng Whithetragsmissignsy éKPeﬁ%t by Hansmittag; data JAsfoamats, hali cam satyne
power |eve ations
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produces a_l ar

coul d ot hePWEE?% f%@gﬁ%gg&?t%zil nsf‘ﬁﬁi‘ u%a%gt'i%ﬁ%ené’{%’?ﬁtCr§§%'ls§eed to

reduce t hejifieYRhsmiddiohs haieé af tha sarREpESWEY IdVekNIA CBMMDasedisybiepag) occur
when the renote stations transmt C/ | 1nformation that have not changed

subst ant i aFhgnnegligatiome betweenusemptaansiations ons. PreAwsask | by héhey sisem Ffust
till b d
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provi di ng sameechequentyf Herme{ reverse dink power rcantrol s&amesﬁnttﬂhapeeﬂtlon of
i nformation on the reverse |l ink and for decodi ngpsuch mﬁrg%ﬁ' on

base st at i GPMAHASRAYSYSIEDS HeCoUER RIS dralspip GsoooW%r B e RQPel nto
address 't NGigR(Station Bb@H -aRMPoul hrPBMISSHREDI teeiBABEAT US 1S present ed
for scheduli1ng forwar ransm ssi ons, e apparatus conprising: a
menory el ef008] arld a:onpnmmeatmmgsygtmntthabrusegdeedback emecharismssdp of

I nstructions, store y,elenment, the set of str Lons_for:
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020248 4 wherein the plarality of increnmental channel quality values are
recei ved system, consuming system resources that could otherwise be allocated to other

r""

functions. Hence, there is a need to reduce the reverse link load of
unnecessary transmissions, which can occur when the remote stations transmit
C/l information that have not changed substantially from the previous
transmissions. However, the system must still be able to detect and react to
changing channel conditions in a timely manner. The embodiments described
herein address these needs by providing a mechanism for optimizing the
transmission of channel information on the reverse link and for decoding such

information at a base station.

SUMMARY

[1009] Methods and apparatus are presented herein to address the needs
stated above. In one aspect, an apparatus is presented for scheduling forward
link transmissions, the apparatus comprising: a memory element; and a
processing element configured to execute a set of instructions stored on the
memory element, the set of instructions for: receiving a full channel quality value
and a plurality of incremental channel quality values from a remote station,



sequentially; and selectively updating a register with a channel quality
estimate, wherein the channel quality estimate is based upon the full
channel owalodoyi72val ue and the plurality of increnmental clrammnsbhs/epiad ity
val ues. [102@¥P8| n anot her aspect, a nethod is presented for estinmating
forward Iink channel quality froma fuPl channel quality value and a

plurality of increnental channel quality val yes, the t hod conpri sing:
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the plurality of slots; d resetti the channel state register with the
furt " ehankabiecing et AEEmerte PrEh AHARY BUBET () Vel ue (o fully
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transmtting channel quality values over a feedback channel to a base

station, thbaapgaualitys froopaghll shagnelkbquality walwe endch piviality f ieeremesialsy st em

subchannel CHaNE RaU VGET and HEh S stfey Sho: B8Gedndithe JUERhaRe) SRERBAT
val ues, wheakgienovdrea [pluraily byslots; increresmaltyalipyainga eighnolistdtel registen t h
the full channel quality values. [1012] In another aspect, a nethod is

present ed Mih theapbualityiafgineraanenrtal chamrglnawaliy valuas, vhergint eashAfi e to a
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val ue; and"generating an I ncrenment ne qual erein the
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it | . BRI EE. DESCRI PTI THE DRAW NGS 1013] FIG , 1,1
di'2gr ain of CHEORTIGUEY VN HhEDde Bl AN Qe akle BiTBl ac0deth 28, and
FI G 2C ar pigiqTel I1RGfdihel adifes drPpbdiatud ! e3shiceTor REHSARING RAanfesy nch

subchannel "and "t he differential feedback subchannel. LlOlS% Is a
f uncti onal qohlitykvaluegr averod feadbask echannel ole ian basenstativoatthe napparatugs base

c1alion VOQGRNIZA RETAROU NI ho 2R AR SRR B Chp e

re-synch sghahaéinguampdvalbesdiahtie aeaifieréntit efdledplick ssUbhannel generation
system for generating a plurality of incremental values, wherein the plurality of
incremental values are multiplexed with the full channel quality values.
[1012] In another aspect, a method is presented for transmitting channel
information from a remote station to a base station, the method comprising:
generating a full channel quality value; and generating an incremental channel
quality value, wherein the incremental channel quality value is multiplexed with

the full channel quality value.

BRIEF DESCRIPTION OF THE DRAWINGS
[1013] FIG. 1 is a diagram of a wireless communication network.
[1014] FIG. 2A, FIG. 2B, and FIG. 2C are timelines that describe the
interactions between the re-synch subchannel and the differential feedback
subchannel.
[1015] FIG. 3 is a functional block diagram of a remote station in

communication with a base station.



[1017] FIG 4E is a table illustrating different values arising from
different interpretations of the information received on the re-synch
subchannavoasd7t7be differential feedback subchannel. [10p8F/UShEASIBW i s a
graph i1l u82@48i ng an advantage of the "accunul ate and add" met hod when a
deep fade occurs. [1019] FIG 6A and Fl & 6B are block diagrans of channel

subchannel (1031t HEG. &néf@ 4B G omh e dinere imeknns ef alfferont o
graph ill Uﬁf: é(]gaﬁcﬁh g\@gs s%cwsww;hhhﬁerww dlﬁémam@éd@é& the
a subchan

differenti nel “at quantization limts.
DESCRI PTI CBU[)dmmﬂelAs illustrated in FIG 1, a wireless comrunl catlon

twork 10 d luraldty .of nmobil
ol l'ed r enblEH, actiohersils '€ fae iyt et all®R arBisi b S
plurality gfte t%néhé‘tdf(?ﬁé infalritiort AddeddbdPaf ahé tralsyAbh ISUBBR&M I &I {H%TSS)

or Node B). Qg‘? c, a base station controller SZC) (also called radio
net wor k codtffe(nemml feedhaeckiastibcbanmelol functi on 16) a nobil e switching

Cnternetworl Tl UGS 1 & BeSliBbustid ahCh AR % e CRRENmBlare angt
(PSTN) 22 gagpietthdd whehel épdpiaglecsotpgly) ., and an Internet Protocol (IP)
net work 24 {qﬁl cally the | nternet For purposes of sinplicity, four

nobi | e sth s 176160 anch FiG. BEs are bigGk Aiagrams 10fc chayinel giemests dofe MsC
18, and § E%?Nrge C%frfcg %Manhél ltre?Ent; %éa@ %@qf cHdppef aHd IH ed in

the art th nor e ess nu e stat'ions
base st ati trassitién chS&)r!;ﬁbcmﬂtmal 18, and PDSNs 20. [1022] In one enbodl ment

the wirele i.on_ net 0Js a cket data services networKk.
The mobi | oL RHT orfdCho4.18 2 Srah lksliapndy 2 SiAaee S e b -t o
wrel ess cg rﬁ\%tl AR tHE diffete ftitl feddbatkRUbcARNSel éf*&@l’éﬁnzﬁld?ﬂirh% ar
t el ephone that 1s connected to a |aptop conputer running |P- based,

Web- browser applications, a cellular tel ephone with associ ated hands WO
03/ 071721 PCT/ US03/ 05373 02 o | personal data

assistant (PDA) running IP-b iéﬁ‘\ﬁv@bg %@éﬁwﬁ?ﬁcat lons, a wreless
communi cat j (g, f0AUAE WAFRRRPIRETE 111 wihehSUs! ElhurRRTR fbtwotk o HayPd

| ocation c catt on nodul e such &s m gh oun
generally includes a plurality of mobile statlons (also called remote stations or

subscriber units or user equipment) 12a-12d, a plurality of base stations (also
called base station transceivers (BTSs) or Node B). 14a-14c, a base station
controller (BSC) (also called radio network controller or packet control function
16), a mobile switching center (MSC) or switch 18, a packet data serving node
(PDSN) or internetworking function (IWF) 20, a public switched telephone
network (PSTN) 22 (typically a telephone company), and an Internet Protocol
(IP) network 24 (typically the Internet). For purposes of simplicity, four mobile
stations 12a-12d, three base stations 14a-14c, one BSC 16, one MSC 18, and
one PDSN 20 are shown. It would be understood by those skilled in the art that
there could be more or less number of mobile stations 12, base stations 14,
BSCs 16, MSCs 18, and PDSNs 20.

[1022] In one embodiment the wireless communication network 10 is a
packet data services network. The mobile stations 12a-12d may be any of a
number of different types of wireless communication device such as a portable
phone, a cellular telephone that is connected to a laptop computer running |P-
based, Web-browser applications, a cellular telephone with associated hands-



a wreless local |loop or neter reading system In the nost general

enbodi nent, nobile stations may be any type of comrmunication unit. [1023]
The nobi IwogBatiZens 12a-12d nay advant ageously be confi guPred/itso3/oes f or m
one or nor 820/¥8 el ess packet data protocols such as described in, for
exanple, the EIANTIA IS 707 standard. IR a particul ar enbodi ment, the

nobile stations 12a-12d generate |P pac destiined for the |P network 24
and encap¥eraas Kitge 3 ReTSaRREHAtS; N%Stﬁph@ihéﬁ‘%nﬁﬁﬁb%ﬁeﬂb ﬁ %TEFRW%?'ot ocol

(PPP). [1 n_one enbhodi n 240 t PDSN
20, the saaRfeong ?oﬁlﬁ?ﬁgﬁsgg%mmﬁfs%%{'ﬁmé w@@?@@%ﬂ?f‘gﬁ a ofipBel" ¢
and the PSdMpaer, end fixed 1BSatidrécomnumigation moduleesurdisas sight e founthinl4c
via wirelines, con icgt;red for transmn ssion of ce %nd/or datglo ack(i:ts in

accor dance aWirglesspcapioop ar dpgter g ﬁY%t?Hl:o'ln\s/tRIPH'E? Hefgralergoodigentry

Asynchr onololicaidids By be AriTifbe of BonfithicAidEniRel ay, HDSL, ADSL, or
xDSL. In an alternate enbodi , the BSC 16 can be coupled directly to

t he PDSN 2{1023]025TheDmabilg statipnsl12apt2chimay agvantageausly| ke sopliguredi i©at i on

network 10, the base stations l4a-1 ej v u ~set.
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call's, VebeRamprd, tBe EIA/TIAYIBET07 8tamdardMimacsdrtionar eRistimene tse nsotgleal
received by a given base station 14a-14c is processed within that base

station 145tatiops ERafl2gageneratetlPopaghksis 1destined tQInienilR apetwrrk r24s and

pa . . _ . LI
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resource all'ocation and nobil'i'ty nmanagenent functionality including the
or chest r at iconfigifred dbt tramsrdission eff vaices and/of dataapackats duhegordance withamyt i on

12a-12d f t at,i 143- 14c t t b tati = . F
exampi e, adohsevaral Giows brbteSds 1Tudiubdodt b Aol dRad Bl MG 14
14c simul tgg?ggslls’- EPRNRiae) RABENHOBL, "ADdle 6F aiDSIN. 136 amvaterhate

enough WO "172"L PCT/ US03/ 05373 ' 020248 7 away from one of the base
stations lémbodireentithe BSG 16gandedeaupdad directiyrie thelRIPSNI2se station 14b.

[1025] During typical operation of the wireless communication network 10,
the base stations 14a-14c receive and demodulate sets of reverse signals from
various mobile stations 12a-12d engaged in telephone calls, Web browsing, or
other data communications. Each reverse signal received by a given base
station 14a-14c is processed within that base station 14a-14c. Each base
station 14a-14c may communicate with a plurality of mobile stations 12a-12d by
modulating and transmitting sets of forward signals to the mobile stations 12a-
12d. For example, as shown in FIG. 1, the base station 14a communicates with
first and second mobile stations 12a, 12b simultaneously, and the base station
14c communicates with third and fourth mobile stations 12c¢, 12d
simultaneously. The resulting packets are forwarded to the BSC 16, which
provides call resource allocation and mobility management functionality
including the orchestration of soft handoffs of a call for a particular mobile
station 12a-12d from one base station 14a-14c to another base station 14a-14c.
For example, a mobile station 12¢ is communicating with two base stations 14b,
14c simultaneously. Eventually, when the mobile station 12c moves far enough



[1026] If the transmission is a conventional telephone call, the BSC 16
wll route the received data to the MSC 18, which provi des additional

routi ng wemshtesl for interface with the PSTN 22. If the Pransnd/esidn is a
packet - bas@&0248r ansmi ssi on such as a data call destined for the IP network
24, the MBC 18 will route the data pacKets to the PDSN 20, which will send
the packets to the IP network 24. Alternatlvely, the BSC 16 will route the
packets di gy fyomcprtehef thepmsexstatians dACskRdeRlk WY Rribreded off tore athefet wor k
24. [1027] bla P‘{B’I‘UI’II cation systens, packets carrying data traffic are
di vided i nto su packe S, which occupy slots of a transm ssion channel. For
i [lustrati yeo026jse 1omhey trambmlsmmbatomenubna tetbpiap@Ocaly the BSGC 16swill
hereafter. Such use is not |ntended g1pt t.he i Ienentgtlo of the
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ka1 Rie B e nabusle o TP DB 28 ] wil'Sefd e palisti thriBe B s on
channel , paghiigrkCO/NNRernativély, BREIBEC q@melroutebfr@a BeRdts CdIRseNg o thver
control channel, assignment c annel, control channe dedi cat ed control

channel , mERSM28c sefls tbe nagkels torbatRinetwerletnent al  channel

suppl enment ann Kk d channel .
R L R TV A A e e
plurality @ivu!fétﬁlfrﬁd @bdé@kbtsqhaﬂalelodcapylshstsdoff aetramsmisgipasciidnnel.nfPomat i on
to the tar et destination. Typically, voice traffic is carried on

f undanent alllusHakyr| %asearf?fﬂﬂatﬂaet’ﬁ%ﬁ“ﬁl“é‘aibgecﬁf rd eeAA2Q00 pPYstRML 18 USshnel s
or packet 4 ha I t

channel s, \%ﬁé%e? %ﬁdJa%thgﬁgﬁtghgg%gﬂw?h@%?ﬁ% Eﬁ%‘ﬁh‘ie\ﬁté{ﬁﬂt (E)grfewé

desi gnat ed ehtboddnéhtsrtmﬂem fmacdmal000 spstemse  lamplémentadbesrinlatlgrl systamsanner .

Alternativel packet channel s are. al so described as shared
suppl errent §P ﬁ‘énﬁeﬂ SV\&%@AP I’?@n%& '%Pgd@gﬁq?lﬂfﬁﬁg?%iﬁ%m pkthes
her ei n, &cribBaHeséin. and the packet data channels are
generi cal I y ref erre to as data traffic channels. WD 03/071721

PCT/ US03/ 0f8028] 02Tet forgvardl linkFronrdhe aseastation dad trrnetet station oparading

typically Within ﬁ1de rarrrllg);guc;f%g %’asgns?ation can comprise a plurality of channels. Some

of the channels of the forward link can include, but are not limited to a pilot
channel, synchronization channel, paging channel, quick paging channel,
broadcast channel, power control channel, assignment channel, control
channel, dedicated control channel, medium access control (MAC) channel,
fundamental channel, supplemental channel, supplemental code channel, and
packet data channel. The reverse link from a remote station to a base station
also comprises a plurality of channels. Each channel carries different types of
information to the target destination. Typically, voice traffic is carried on
fundamental channels, and data traffic is carried on supplemental channels or
packet data channels. Supplemental channels are usually dedicated channels,
while packet data channels usually carry signals that are designated for different
parties in a time and/or code-multiplexed manner. Alternatively, packet data
channels are also described as shared supplemental channels. For the
purposes of describing the embodiments herein, the supplemental channels and
the packet data channels are generically referred to as data traffic channels.



spread before transm ssion on either the forward or reverse links. The
encodi ng, nodul ation, and spreading can be inplenented in a variety of
formats. wo 0a/00DRA system the transm ssion format ulti marelrysdeasmnds upon
the type oP2@48&nnel over which the voice traffic and data traffic are being
transmtted and the condition of the chfnnel, which can be described in

terns of ading and interference. [1030] Predeterm ned transnmt formats,
whi ch cor_rg otld t 'ﬁeé@g{b‘? RRd; ézﬁta %?R'Qa&ﬁ?o{yg' Ig,%qﬁqdega,néq@ﬂq%tpg; _385‘; be
used to si gptddy b&(a?&eChahgﬁiégion tgrANsiHNeP SthaN 1@t S rb?efg@enﬁl@odrrﬁenh
the transm ssion format corresponds to a conbination of any or all of the
fol | owi ng eneodings snodulatiorgnandrspreating eadubat implementad: insadvariety hef

system the nunber of ogonal .or .quasi.- .orthogonal. codes, an

Tenti 1 catardinty in pCBMASHERE. Bp dhiEsuRt ORI mBi YerBhgs wren
payl oad si gy itypdidt Schdnng| GvertwiRieh Othet BSicBERafEcand allita tPaKf¢ Cdredpéiyl S
regardi ng the encodi ng schene. Sone exanpl es of nodul ati on schenes used

wi t hi n contransmittadoand the: eonglitigreot the chzanehmihieh paRbe daiscribedéytatmssefhene
(QPSK), 8- > | Keyi ng schene (8-PSK), and 16-ary Quadrature
Ampl i t ude i%%ﬁgﬁﬁgwgﬁge@c&d\/y Some of the various encodi%g schenes that

can be sel gro30]el Yredplepnidc transmitcionvats, twiiicklcoeespdhd do s bembinatiohi ch
are inplenented at varioqus rates, or turbo coding, which conprises

nul tiple Ehciiong Jfeasdits fasametrispycamtke |esad ﬁg sipiy theohoies t%¥fogonal
and quas! - EhORARNR 1FAGRS . Inuifd oAb ulifient i aRGiRissRAAIAAGPEon e forsed o
channelize the information sent fo each rénote station. n ot her words,
Wal sh codets agoembirmtian eof uared oo rallt bfetHeofollaming itraksmissidn @arametersysthem t o

o quasi "o maskigliohy Strbtrag 55 418 St fie. ACERE oty oL o et
duration. bhHdgbndd 2elesdath idhtiBLAiGHbf tHe &ffodsHat o?b@hé%ﬁc?gd?&'ﬂ%b@é%,ed to

control the tFansm ssion format of each packet, the rate of each packet,
and the sl the daiaepayload sizatin dlitse thehdpeadivatofitbe taessager fsaroei and/er detailsr enot e

station. The er ni.nol " S escl.i t raffi c.
Pnkere. caffanstifoThAdmSinaR it Sonte S BIeS S ahhy afigh sEfpe8 st
transm ssi githfhésmeiunicatiotsystemy sed the Quilrialurd Phaski Siiftcke\ang edhehea
nmessage frane. The use_of such termnology is _comon in _cdma2000 systens,

but the uséQBSKIu8raYPhasR ISty Keyingtscheme (3-6SK) ando16ary Peadnalys/ 05373
020248 Amplitude Modulation (16-QAM). Some of the various encoding schemes that

can be selectively implemented are convolutional encoding schemes, which are
implemented at various rates, or turbo coding, which comprises multiple
encoding steps separated by interleaving steps.

[1031] Orthogonal and quasi-orthogonal codes, such as the Walsh code
sequences, are used to channelize the information sent to each remote station.
In other words, Walsh code sequences are used on the forward link to allow the
system to overlay multiple users, each assigned one or several different
orthogonal or quasi-orthogonal codes, on the same frequency during the same
time duration.

[1032] A scheduling element in the base station is configured to control the
transmission format of each packet, the rate of each packet, and the slot times
over which each packet is to be transmitted to a remote station. The
terminology “packet” is used to describe system traffic. Packets can be divided
into subpackets, which occupy slots of a transmission channel. “Slot” is used to
describe a time duration of a message frame. The use of such terminology is
common in cdma2000 systems, but the use of such terminology is not meant to



9 limt the inplenentation of the enbodi nents herein to cdma2000 systens.
| npl enent ation in other systens, such as, e.g. WCDMA, can be acconpli shed
wi t hout avbesnirigl t he scope of the enbodinents described Iremaisn3/0§31033]
Schedul i ng03024& vital component in attaining high data throughput in a
packet - based system In the cdma2000 sy8tem the scheduling el errent (V\,hl ch

is also referred to as a "schedul er” herein) controls the é)éackln
payl oad i ntimit thedirpeigmendation &bhdhet ?@Qﬁ’dgiﬁiéﬁch@Pﬂ‘ P fdrpagOqk sy tems

sof t - conbi ﬁﬁ | né‘@tfo‘?\f?\' Ht%{ ﬁg?tgn{sh%hch as?e'&W e SHQRg)%kﬁécd I%ﬂ gupt ed,

it can be co ano corrupted et'to erm e edata
payl oad w withoutaffentingphaelstepé ohthe erabodlmems destFrEEd hémin.exanple, if a

t tagj the t f . dat, t . 76.8 kb but th
one o ot o Costhestiing fa, & vEh S penen n atiahigo Righ SalubrBianeli in ho®
request ed Eééﬁ‘et%e&% 52fn C AR EHd b@maéboeagg\am thé Bené&mﬁ@uélemelnﬂ(wﬁueﬁ base

station cah control e packagl ng of ta payload Iinto nmultip
subpacket sis alse remmedetosasaau“eohwimef’rhecrelmeomnobutbe@ankmpt B@Vleaﬂbpﬁcket s,

b |1 i,k | h
ncor r upt eteuepBt and (Redulelst S kels et 88 B ot Ambinaf el A JBFRNGL a0e of
the bits cap that if @ fdceeif subﬁé’dkbhﬁ*s datrapida auedipve d&hﬁmebkﬁi&ﬂhnﬂiﬂfbr

scheduling element in the base station uses an open-| oop a@gorl thmto
adj ust t hecorauptedaubpagietsiordeiarming tbe daiammald. Withipramh apeepiablgsframene

open-1 000 Bl BPFAENFERS) UEbPCAAARRIFeS IRl AP PIIRRACIY fihdrigsibfrof 19

channel co nd in W re €SS ehvl ronnen ener al a

renote st aaanat"ER8WbeS, bbethwahsé $taﬂbntltrmwg)thaamsItraﬂsnuhaonehteansdwot
transmts such information to the base stati.Q Olggﬁbase station uses the

recei ved passible atdﬁﬂd?‘ﬂ‘t‘%ﬂgdtt'ﬂ‘epgléﬁ itedhe ﬁ%nql'ﬂ%’ﬂ gneinthe ¢ |&fdNon
f :
ormi. ok 98@%@.&%}. Hfird tHé g%bc?égﬁs'\peof"ﬁfg dBef bgglghgaigwanne‘lﬂa In

the cdma20 system the r ations can qual ity
f eedback chulvpedkety, CiheHemate shabicrywitlveneive rqulapietgorrtﬂaedrsebemkets,fbuthe

b the b I
measur od | Wit SHE8S HkeId to k5o i Yin Befl, pBPioad AR EPITAS 16 nBBHuiBdsea

upon recei M@@l of MBUBpAdKRs. S HEIRES thel Betual kransmhsts%n Pat@BSIRE Mt Garftbe
five-bit channel quallty i ndi cator (CQ) synbol, wherein the fifth bit is

reserved. Hiffiecent frame thg datadhieughpyt ielee one of sixteen quantization

tati on o rbEoHIs TienooRepO BighEhl of B, BRbe "eBtPaPoes IE SBMbEP on i o
awar e of t hgosifteiingladjust the data rate and scheduling of forward link transmissions.

The open-loop algorithm adjusts transmissions in accordance with the varying

channel conditions typically found in a wireless environment. In general, a
remote station measures the quality of the forward link channel and transmits
such information to the base station. The base station uses the received
channel conditions to predict the most efficient transmission format, rate, power
level and timing of the next packet transmission. In the cdma2000 1xEV-DV
system, the remote stations can use a channel quality feedback channel -
(CQICH) to convey channel quality measurements of the best serving sector to
the base station. The channel quality may be measured in terms of a carrier-in-
interference (C/I) ratio and is based upon received forward link signals. The C/I
value is mapped onto a five-bit channel quality indicator (CQI) symbol, wherein
the fifth bit is reserved. Hence, the C/I value can have one of sixteen
quantization values.

[1035] Since the remote station is not prescient, the remote station transmits
the C/I values continuously, so that the base station is aware of the channel
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to be transmtted on the forward link to that renote station. The

cont i nuouwsotisans ssion of 4-bit C I values consunes the poatusesyssisfe of

t he renot e02@248i on by occupyi ng hardware and software resources in the
renote station. [1036] In addition to tHe probl ens of battery I|fe and
reverse |ink | oading there is also a problemof |atency

pr opagat i oRORAODS 5(%’@5 BAY RAekealpsneed Kb ¢ Hapsatitiad e the f%'?!\f?é‘adr‘kﬁ@ that
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is 2.5 ms 1h Quratton corresponds to a 2-s In systens with
1.25 nms sl battentiifenf therdmste station b;n onayp;bagrhammlanegand)seﬂwanetmbumest hat
no | onger exists, Qr fail toreact in atinely manner to a new

si tuati on. "[W?I“qi%ﬁé%%@ above reasons, the conmunication network requires

a mechani tode) © 3HV§d’d|L6H % TR | RBblctnd Be dmﬁ,eﬁfeahhew VBAle MK %.ﬁ@e base

station to quil reschedul e transm ssions d to sud en changes 1 nthe
channel enthererisraigo a lprokleic of atenayheDué do garepagationdame: phecessingstelay sl

reducethe dr |no battery lLife t he renote n,a th on the
everse | i Bafl SRaBAk Skt BhodM sl S iobldathc $hrhAfiab. Bing)

i mpr ovi ng Wgﬁcalfpﬁegbgalbméla?nsszrsfrﬁé lﬁ(mu‘f‘ét}bmgNlﬁibﬁfB@?ﬂesPGﬁ@é R&td 2islots uch
as C1, fromthe renpte station to the base station while reduci ngoghe

| oad of t hdelayvisrsystams withBy25 img slots. then e baselistationnba He eacting
nbodi ment
'? r agslm'rrggi %Hggqg%gﬁ%ﬁbggaﬁgér )E%tss OI()){ %%};@Iﬁgﬁggﬁkg g‘n%?]gnaf Eﬁéa%cegrt aangngm' th

act ual chaen@atmpnditions The enbodi nents are directed toward generating
two subchannel s on channel in gorder to car rén channel information.

I't shoul d BH3t ed:‘frhért‘e oAbRye JREseR: st%LHQE“@PElS’aB peMArgureaties @arry

t he subcha t f
AR Eifle i td Qh ol th Xmmse bdsae
t er m nol ogy ofé‘{‘%“aﬁg% e& '?'%a Ejsll‘tedg he(rel ort ! a? t;m%annel s are
referred tstalienetf tquickis reskmrmedeﬂesyrm‘rsnmeﬂohamlm tarﬁuddem ctiangm ant thel
f eedback supchannel .. [ 1039 In a Ilo(% t'?{ngrovia eeé hthe feﬁ |gck
mechani sm §PapihRl PRYHNMe i“oﬁ ItioB, MEOUETH HHE@ QN n al so
be i npl emepd@iste me%nain%rmattém.fé Bf fedfephdtbistatio and theCldaBs thenreoerset i on
received fromthe renote station. A
link.
[1038] The embodiments described herein are directed to improving the
feedback mechanism for conveying channel information, such as C/I, from the
remote station to the base station while reducing the load of the reverse link. By
improving the feedback mechanism, the embodiments improve the ability of a
base station to schedule transmissions and the data rates of the transmissions
in accordance with actual channel conditions. The embodiments are directed
toward generating two subchannels on the CQIl channel in order to carry
channel information. It should be noted that other channels could also be
configured to carry the subchannels described herein, but for the sake of
expediency, the terminology of the CQIl channel is used henceforth. The two
subchannels are referred to hereafter as the re-synch subchannel and the
differential feedback subchannel.
[1039] In addition to improvements in the feedback mechanism at the remote
station, improvements at the base station can also be implemented to optimize
the interpretation of the channel information received from the remote station. A

scheduling element in the base station can be configured to implement task



scheduling elenent in the base station can be configured to inplenent task
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i nf or mat iwo oseteved from either subchannel or by sel ect ipeglusostosecar di ng
i nf or mat i 0A2G288ei ved from ei t her subchannel. [1040] In a general
description of the enbodinents, full C11values are transnitted on the
re-synch subchannel while mcreme&gmatl bit val #Eqswzgitﬁgrtra smttled over

the differ 'anSﬂ%ée%r@an%m%w iPRJIerRVEE shbchannel Qg byr 1
and 0 are geRAbIY @ .stgrcﬁngﬁnfam RIS ttof nBF sEBRAhel0 other val ues
K as well, where IS a system ef| step size. neratlon of Subchannel s

at a Renot &0t i dn {al@@dﬁ]raﬂ'ldesca[btlms dfethie emhddémentss \fult hKCAnvhldes fareent i al
f eedback ubch e determ n d, base the fo i,nk C |

reasur eentanSTREY o e SERVRER SUHenABNS, v, BErermrER | Lo Yl 2B,
quant i zi ngtrhRASMIRS olerC Y dlf@rénﬁﬁiﬂééﬂﬁﬁa(‘%ub&\% bi The/ ghétBrient@ebiton the
differential feedback subchannel and is obtained by conparing the nost

recent C/ | vaiweswifchand O are mappedciont@ st dB @ndan0.5dBebuhcandf Mmappedie

i1 er ont 1 e oBlsizss MEDUEE ERE 108 DR SRR BRd et st at o s
best estimate of the C/I value that the base station wll decode. [1042]

In a first m)de channel eI errents can be Iaced within a renpte station to
generate ta S At 3HE 2 SiaQler ent i al feedback subchannel

g?’ﬁ[ E)Pean sl ot%cﬁ‘%bneseﬁgbﬁh Eé erFesﬁl %ﬁl ;cfhdfs @H%?&E su C annglS one

occupi es abhbdimtr&l&éradjﬂefﬂnsiedtbﬂad@h theafmwa&bllmkl@fl raeasmremmﬂslt a'lhe 1-bit
value is tr smt ed bn each sl | east Qneﬂﬁlot

N- sl ot BB tRSYNE G C@?”” d? 89 aé%é 8K QUABHZRE b Mas 6??9” al ue

are 't ransmﬁt trﬁé'aétﬁeh@ﬁt bage siebit OfaludNiss sePiCon ™ Bial diffsrapfials Se&ihdck
possi bl e rough the use of orthogonal or quasi-orthogonal spreading

codes, or pubchannsl taednetd:btelr@ﬁbbmuommanr@the most reeente &/l Mgasuemew

A S TR R I

in paral | ebn gd3st/ards seheohehe $&RGAc AhahAmEehtiaifebdBASKTEUBEANPERY, apde sl ot
and the systemrefrains from transmtting the differential f eedback

subchannel repiesenis thar tlemQle statipns . best@stiprate of the C/l value that the base
station will decode.

[1042] In a first mode, channel elements can be placed within a remote
station to generate the re-synch subchannel and the differential feedback
subchannel over the CQIl channel (CQICH), wherein the re-synch subchannel
occupies one slot of an N-slot CQICH frame and the differential feedback
subchannel occupies all slots of the N-slot CQICH frame, so that an incremental
1-bit value is transmitted in each slot. Hence, in at least one slot of the N-slot
CQICH frame, both a full C/I value and an incremental 1-bit value are
transmitted to the base station. This concurrent transmission is possible
through the use of orthogonal or quasi-orthogonal spreading codes, or in an
alternative embodiment, by time interleaving the two subchannels in some
predetermined fashion. In an alternate first mode, the re-synch subchannel and
the differential feedback subchannel are not sent in parallel. Instead, the re-
synch subchannel is transmitted over one slot and the system refrains from
transmitting the differential feedback subchannel in that particular slot. FIG. 2A
is a timeline illustrating the transmission timing of the re-synch channel and the

differential feedback subchannel operating in parallel in the first mode.



is atineline illustrating the transm ssion timng of the re-synch channel
and the differential feedback subchannel operating in parallel in the
first nodeo or03Y 071721 PCT/ US03/ 05373 020248 12 [ 1043pcirsas/escond
node, the @9a#thel el enents are configured so that the two subchannels are
generated with the re-synch subchannel 18perat| ng at a reduced rate. The
re-synch channel érgerat es at a reduced r when a full val ue tbe
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enti a
of the N-rdocetirrates or Fiot. Aleraatively,Ghe2@maote statien icagsbe¢ Iprogrammeddot he

transm ssi gn m of. the re-syn ubchannel and the differenti al

f eedback sﬁ'&éﬁ;}hﬁé{‘l‘%r&ﬂgﬁg mepénﬁ?fet?second node. The internal register of
the renot e[1943]i ONn BAK m%rﬁ@ﬁ@h@ﬁ' of the $ecdnid Hibde SBead subcahnélb Sork
dependi ng on ich operatin IS in use. [1045] I n anot her enbodi nent,

the full Cparallgl alea segucgdya Ebv,vheéem aalull Gfhyalvedsaisperasd ever, allgletsedfed N-he
remote st aélo{) 6&&¥Ffr§}ﬁ%e§n& te%'i:htsh& a%& carries an incremental 1-bit value. In an

alternate second mode, the differential feedback subchannel occupies all of the
slots of the N-slot frame except for the first slot. In yet another alternate second
mode, the differential feedback subchannel and the re-synch subchannel are
not sent in parallel at all; the re-synch subchannel operates first over M slots,
and the differential feedback subchannel operates over the next N-M slots of the
N-slot frame. FIG. 2B and FIG. 2C are timelines illustrating the transmission
timing of the re-synch subchannel and the differential feedback subchannel
operating in the second mode. The internal register of the remote station may
be updated in the first, second or M" slot, depending on which operating mode
is in use.

[1045] In another embodiment, the full C/I value can also be sent at
unscheduled slots, whenever the remote station determines that the C/I
estimate kept at the base station is out of synchronization. This embodiment
requires that the base station continuously monitors the CQICH to determine

whether an unscheduled full C/I value symbol is present or not.



estimate kept at the base station is out of synchronization. This

enbodi nent requires that the base station continuously nonitors the CQ CH
t o det er swoa3/owhet her an unschedul ed full C1 val ue synbolpCraisps/esent or
not. WO 030202321 PCT/ US03/ 05373 020248 13 [1046] In yet another

enbodi ment, the full C/I value is only Eent when the renpte station
determnes that the C/ | estimte kept at the base station is out of
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subchannel and t he di ff(lerentlal f eedback subchannel, wherein the channel

i nf or mat i oACRPGHE &%ﬁ“’ﬁﬁ)channel is used to nmake transmi ssion decisions

t hat account for the state of the channel. The scheduling el enent can
conprise a processing elenent coupled to a nennry elenment, and is

conmuni cat intetpretatio Icé(Slﬂmhahaelrleimmllou %am tatioand t he transni ssi on
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link. [1049heAbclidtulingmeleengritatarmcodfflised ar pesiessing eldmsrmt emu;aaa roetael ves
the forward |link transm ssion and determ nes the forward_ link channel

char act er i §1878Q1Y @lemeaiisAnd 43 SRMIpWRIGakvaly soBpledntahec Feceidng gYRsstem

el enent s ed, transmts such forward
i nk channeﬁBQH%lg%gg%r{éﬁég%t %éﬁﬁ%géges%faé?@hn 310. [1050] In the

enbodi ment §1048icr i BI&] ey &Ibil)Ck[ tiagsarh exdl somreg ok trenfumictiGidl caraporenteobgr anmed
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the re-syn annel separately fromthe channel “i nformati on
transmissions are de-spread, demodulated and decoded. A scheduler 314

receives a decoded C/I value and orchestrates the appropriate transmission
formats, power levels, and data rates of transmissions from the transmission
subsystem 316 on the forward link.

[1049] At the remote station 300, a receiving subsystem 302 receives the
forward link transmission and determines the forward link channel
characteristics. A transmission subsystem 306, in which the channel elements
described by FIGS. 6A and 6B are located, transmits such forward link channel
characteristics to the base station 310.

[1050] In the embodiments described herein, the scheduling element 314
can be programmed to interpret the channel information received on the re-
synch subchannel together with the channel information received on the
differential feedback subchannel, or to interpret the channel information
received on the re-synch subchannel separately from the channel information
received on the differential feedback subchannel. The scheduling element can
also be configured to perform a method to alternate which subchannel will be

used to update channel information.



received on the differential feedback subchannel. The scheduling el enent
can also be configured to performa nethod to alternate which subchannel
will be weadotiozupdat e channel information. WO 03/ 071721 rPULSuUB3705373
020248 14 020P481] When the renote station transmits the channel infornmation
using the first node, a serving base sthtion will receive the full 1
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the full alue I's spread out. ue 1s then added to
the full C[1052] udVhehia hemate statminvisdoperating in éheyseciondsmbdeaansgdrvioger t he
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increnental values. Hence, the register storing the current” channe
condi ti on eftimatasathieoshasnelpcenditiorsmeh the timethahis ssbedulpd iar e pagket

received, and the. register is. , t W th t g . Lhe
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subchannel over the M slots. In another embodiment, this “accumulate and
add” method can be performed concurrently with an independent action for “up-
down” bits, which updates the C/I value stored in the register as directed by the
incremental values. Hence, the register storing the current channel condition
information is updated each time an incremental value is received, and the
register is then updated with the accumulated value added to the full C/I value.
[1053] FIGS. 4A, 4B, 4C and 4D are timelines describing the embodiments
above. FIG. 4E is a table of C/I values stored in a register at a given point in the
timelines, using the embodiments described above. In the timeline of FIG. 4A,
the remote station is transmitting the re-synch subchannel over a single slot of
the CQICH frame and the differential subchannel over each slot of the CQICH
frame. The base station is configured to update the register that stores the
channel state such that parallel incremental values are discarded, i.e., the
parallel incremental values are not used to update the register. Hence, at the
interval t, — t3, the channel state information stored in the register is 4 dB, which
is the full C/I value transmitted on the re-synch subchannel over interval t; — to.



frame. The base station is configured to update the register that stores
the channel state such that parallel increnental values are discarded,
i.e., thewopawal7eel increnmental values are not used to upeatrasvhesregi ster.
Hence, at 02@48interval t2 - t3, the channel state information stored in
the register is 4 dB, which is the fulldC | value transnitted on the
re-synch subchannel over interval t1 - t2. W 03/071721 PCT/US03/ 05373
020248 15 ThReceRFPHiion¢fotherdifferentiak feadhackarhannalpak inteR@h el —ale 1S
interval tLiceatdad S discarded. [1054] In the tineline of FIG 4B, the
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f o ' Le, i ot i pent i bed
herern can bt FERRRET oY FeSipel If, R URdatdy Qi fif vERBCAHBA ey, D - PPE
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dB. If the re-synch subchannel can be decoded correctly, then the register
val ues ovePeERAUIYESPY]As t2 - t3 and t3 - t4 would be the same as for the

timeline YyddG (AAneHHBING of FIG! e, iFe Fufiche SRR EAnANIY 1R relecoded

correctly, e regi ster values over t and t3 - t4
woul d be 16ynidh anbchdrhelByver assingleisiel gnd ithe ldifferential subg¢Baanel &veiRadbven

th h, the ful] CI is lost gn th - h h Lt
[ nglrjgment aglqt,;tphége rg@#&lﬁéraﬁl&t ﬁi.“ r']% feé%gﬁlﬁ?;?/onr\%eé)zg&%k%ngﬁghﬁar?ﬁgﬁhecan
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subchannel can be used independently of the re-synch subchannel to update
t he channelastévatue inrtherragistesris 18giBt Erem iptersd|t: +riztthe valugein the registeIG. 4D,

the remot eiss¥ f Ejb(.)r\f ihse |Ier-§"lynnscrllii stutbicﬂgnﬁg'lecarneﬁe decoded correctly, then the register
values over the intervals t, — t3 and t3 — t4 would be the same as for the timeline
in FIG. 4A. However, if the re-synch subchannel cannot be decoded correctly,
then the register values over the intervals t, — t3 and t3 — t; would be 10 dB and
11 dB, respectively, rather than 4 dB and 5 dB. Even though, the full C/I value
is lost on the re-synch subchannel, the incremental values received on the
differential feedback subchannel can still be used to update the register.
Hence, the differential feedback subchannel can be used independently of the
re-synch subchannel to update the channel state information registers.
[1056] In the timeline of FIG. 4D, the remote station is transmitting the re-
synch subchannel over multiple slots (4 slots in this example) and the
differential subchannel over each slot of the CQICH frame. The base station is
configured to update the register that stores the channel state, wherein the
update accounts for the addition of parallel incremental values to the stored C/I
re-synch value, as each incremental value arrives at the base station.
[1057] In an alternative embodiment, the base station can be configured to
update the register that stores the channel state, wherein the update includes



synch subchannel over multiple slots (4 slots in this exanple) and the
differential subchannel over each slot of the CQCH frane. The base station
is confiwored7t7er update the regi ster that stores the chamaoglusst/etses
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slot, but the base station can still compensate for the fade before the C/I value

is fully received over the multiple slots. FIG. 5 is a deep fading curve

superimposed over a timeline that can be used to illustrate the purpose of this

embodiment.

[1059] At time t,, a deep fading condition commences. Due to incremental

step commands, the base station slowly models the fade, as shown by the

double-dashed line. At time t;, the remote station transmits a measured C/I

ratio at a reduced rate over multiple slots of the re-synch subchannel. The

remote station concurrently transmits incremental “up” commands on each slot

to the base station. The base station starts demodulating and decoding the C/I

value on the re-synch subchannel. Since the 1-bit “up” command is relatively

simple to demodulate and decode, the base station can immediately start

modeling the fade using the received up commands. At time t;, wherein the C/I

value is fully processed, the base station resets its estimate of the channel

conditions.

[1060] As shown by FIG. 5, without the use of the differential feedback

channel, the base station would have continued to pursue a model of channel



renote station concurrently transmts increnmental "up" commands on each
slot to the base station. The base station starts denodul ati ng and

decodi ng wba@3@71721 val ue on the re-synch subchannel . Si ncePCraSa3/M3r3 " up”
command i s0202kdtively sinple to denodul ate and decode, the base station
can imediately start nodeling the fad¥ using the received up commands. At
time t2, wherein the C 1 value is fmllge/r Frocessed t he base statlon resets
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t he nodel ¢reated tb t he cgrrent enbodi nents. [1061] The use of two
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sl ot s. [1062 FIG 6Ais a hlock d rcﬁ[n of channel el rrents that fct%;a
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ratio valu éﬁ:orﬁpﬂ'\dﬂreeohé?tm cf ﬂ.léile W@Sﬁvé@% é\ierraﬂtﬁsﬁtsoﬂ{ﬁ@%mat 12

bi nary sy are generate | ot. "The 12 binary sy S are
spread wi t frameMathier tlwdﬂaegearenassdnwI\bfudicﬁ/évalugselverryralomz Ooveri ng

cover synbbI B0 TG §hif eddedk Fleorie 1ot Clpenqnaace SORETB The
out put of tﬁtsenrdaé%rdé&:nbéb ABRNE iR Bcdnd2000 1&Ewouvrs;@.@&nar@/l Ger@wamésby an
adder 604 to form96 binary synbols per slot. The output fromthe adder
604 i s nmapped ara iapwkipie Ay encoder 602 at rate R = 4/12 so that 12 binary symbols
are generated for each slot. The 12 binary symbols are spread with a Walsh
code generated by a covering element 612. Covering element 612 selects one
of six allowed spreading Walsh sequences based on cover symbols 610 to
indicate the index of the serving base station. The output of the covering
element 612 and the encoder 602 are combined by an adder 604 to form 96
binary symbols per slot. The output from the adder 604 is mapped in a mapping
element 606 and then spread by a Walsh spreading element 608 to generate
the re-synch subchannel 600. Concurrently, incremental 1-bit values 621 are
input into a repeater 622 to form 96 binary symbols per slot. The repeated
symbols are mapped in a mapping element 624 and then spread by a Walsh
spreading element 626 to form the differential feedback subchannel 620. The
symbols sent on the re-synch and the differential feedback subchannels are
transmitted at a rate of 1.2288 Mcps.
[1063] FIG. 6B is an alternate configuration wherein the concurrent
incremental 1-bit values 621 are input into a repeater 622 to form 12 binary
symbols per slot. The rationale for this alternate configuration is discussed

below in conjunction with the new transition indicator subchannel 630.



el ement 606 and then spread by a Wal sh spreadi ng el enent 608 to generate
the re-synch subchannel 600. Concurrently, increnmental 1-bit values 621 are
i nput i ntwoasnepent er 622 to form 96 binary synbol s per slpatr/usofiessrepeat ed
synbol s ar e2024pped in a mappi ng el enent 624 and then spread by a Wl sh
spreadi ng elenment 626 to formthe diffet&ntial feedback subchannel 620. The
synbol s sent on the re-synch and the differential feedback subchannels are
transmtted at a rate of 1.2288 Mps. [1063] FIG 6B is an alternate
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base station for voice transm ssions on a fundanental channel. For a voice
transm ssi etatioa fanwoicestransaissions an énsundamental oghannelr arftps 6f vaICei r st

base station to a secan st a A n ra.' i.t h
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base stati gfatiofPRY at §&ebnd bbsé §tbﬁomemwit:haﬁgas\£o|©@€tfhfﬁc AGittbiboth base
identification value, and is ranked in groups referred to as the active
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channels that exchange packets directed to individual base stations, due to the
nature of addressed packet data. In order to select the best base station to
serve the remote station, the remote station monitors forward link signals from
all base stations in a designated “active set.” As used herein, the “active set” for
a packet-based transmission differs from the *“active set” for a voice
transmission.

[1066] Each member of the active set is assigned a different 3-bit index,
which is conveyed to the remote station from the serving base station through
signaling messages. The Walsh code to be used by covering element 612 is
selected based on the index corresponding to the best base station in the active
set. In FIG. 6A and FIG. 6B, the Walsh spreading is applied only to the re-
synch subchannel and not to the differential feedback subchannel. This
embodiment has the advantage of conserving Walsh-space, since only
differential subchannel symbols are sent for a majority of the slots. Thus, the
Walsh functions are used infrequently and are resources that can be directed to
other purposes. In one aspect of this embodiment, the extra Walsh function is

applied to a transition indicator subchannel, which is described below.



transm ssion. [1066] Each nenber of the active set is assigned a different
3-bit index, which is conveyed to the renote station fromthe serving base
station twoeaghi72si gnal i ng nessages. The Wal sh code to bepPazdatobysseoveri ng
el enent 61020248 sel ected based on the index corresponding to the best base
station in the active set. In FIG 6A ¥hd FIG 6B, the Wl sh spreading is
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[1070] When the new best base station is a sector of a different base station,

a transitional period for allowing a new forward link to be set up is desirable. In
one embodiment, channel elements are configured to generate a transition
indicator subchannel. The transition indicator subchannel is set up so that a
remote station can generate re-synch subchannel symbols and differential
feedback subchannel symbols that correspond to the current base station’s C/I
value. This allows the remote station to utilize the existing forward link from the
current base station. The transition indicator subchannel is shown in FIG. 6A
and FIG. 6B. Concurrent to the re-synch subchannel and the differential
feedback subchannel, mismatch flag bits 631 are input into a repeater 632 to
form 48 binary symbols per slot in FIG. 6A and 12 binary symbols per slot in the
alternate configuration of FIG. 6B. The repeated symbols are mapped in a
mapping element 634 and then spread by a Walsh spreading element 636 to
form the transition indicator subchannel 630. FIG. 6A illustrates a transition

indicator subchannel with Walsh function W7, while FIG. 6B illustrates a

transition indicator subchannel with Walsh function W,>*. The symbols sent on

this subchannel are transmitted at a rate of 1.2288 Mcps.



renote station can generate re-synch subchannel synbols and differential

f eedback subchannel synbols that correspond to the current base station's
C/'1  val veo 0371521l | ows the renpte station to utilize theprexiusbi/esg7s orward
link from 02#48current base station. The transition indicator subchannel is
shown in FIG 6A and FIG 6B. Concurrefl to the re-synch subchannel and

the differential eedback subghannel flag bits 631 are.in
into a repb7%EH 63@“9 Ha”$'B‘P'PH'1F§CEHPﬁ§'I"9dW“{éEI icales 1&g ptartofg Hanginon; Id 12

bi nary sy %Jgé?%"ﬁhe%@ﬁreht das'éestaﬁ&ﬁ efrnattﬁar@ﬁmnbggégéd mnefcalfécﬁby Bttinghe

repeated s s are mapped in a mapping el enen and then spread by a
Val sh spreadiihip thiectnamgiticgBimdiaatorf subnhaineet. rihe|t[amitiqnnlndm<lfr5m¢behaelneI

630. FIG 6A i I strat. satranltl ] inictors hann wi th l, sh

P onet i o gy baRirishiisa Ty g Fide i piexod o itk cRRGRREA Soetib N anne
wi th Vil shpjisiabking \M88heﬂ&%n§m6h0hﬁd@awr QuibchAhiSels Uk aBifdr ah@stin
transmtted at a rate of 1. Mcps. WO 03/071721 PCT/ US03/ 05373 020248

20 [1071] suh@wamgmaydae PQ@O@E@@@#WU%W@@]H@G of adesarves Matshsspieadivg a
transitiongh_‘ . ﬁriod to the current base station. The transitional period
I's 1 ndicat 05@ Setting a bit in the transition indicator subchannel. The

transition P ow]catiar one kehitsotimlent, e transitienainpéricd! is indicatedebynulsingolaexed
or time-nulti pI exed fashi on, Code- multiplexing of the transjtion indicator

subchannel Wlsh Wm'néﬁpﬁ@tl%th%dﬁéhﬁdﬂ\éﬂ”§en%fyth§ewp?é$h (§Pﬁ%ﬁﬂ’"?9nf‘<'ﬁf§!9“t he
use of ar gﬁ?\ t In , the
transiti ongﬁggéggg% ?alsﬁgtca eggtgr)‘/é @ﬁnﬂé&%mWS%kgbrégg?snﬂgﬁét Il on that
i s the invaneesomdans uMd\g; 10’ s plzaodi ofg'1f and tusing “1a#splacedft’o’ ia thasWalshat i i on
in the nontran3|t| S re t.he nver.s an

in place of®44eNGHhd W§|eﬁ’3b cﬁmeﬁﬁr%%@gqﬁgtﬁ@ unign of, %?ts(ﬁa scé:lﬁ%e\f’{er Th| s
enbodi ment gpRgHIESD té}%abheozrumeofept Be FiGt 68faril {hézgaeowﬁo@@,esqﬂw at ed
by encoder 602 of P, FIG 6B and the set of inverses of all such

code wor dsstich aode woabbtmma aacodﬁtm%thaéfm saljsfactorynminimgmadistance

o pose: BrskeiEnad dbl 1R ARHAB0AR G, FREUER boR bt B ¥el s Bt % °
standard g@eH po¥éibrNescuirer id bbiGied By PUACRIIPQAhEHREL foll bits ©f &yeﬂahdard

subchannel synbols are transmtted at a reduced rate throughout the
swi tchi ng péxidYValshgpederel i abl e detection of the

[1073] In one embodiment, all re-synch subchannel symbols are transmitted
at a reduced rate throughout the switching period to aid reliable detection of the
switch from the current base station to a new base station. To improve time
diversity in fading channels, the reduced rate repetitions may be performed in
non-consecutive slots. This aspect of the embodiment reduces C/I tracking
performance by introducing additional delays in the full C/I update, but
increases the reliability of detecting the base station index indicator, which is of

higher importance.

Interpretation of Subchanne! Information at Quantization Limits

[1074] As stated above, the C/l value is transmitted as 4 bits of information;
hence, there are only 16 possible values for the C/I value. The dynamic range
of this quantization scheme is a system-defined parameter that can be altered
without affecting the scope of the embodiments, i.e., more or less bits can be
allocated for the dynamic range of the C/I values. As one illustrative example,
one quantization scheme can be defined as having a minimum bit sequence
value “0000” set equal to -15.5 dB and a maximum bit sequence value “1111”



switch fromthe current base station to a new base station. To inprove tine
diversity in fading channels, the reduced rate repetitions may be perforned
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station S 0 Y, | erent actions
for a chz:% Sﬁgr %@%@&3&9 %@ékgéld\y\zwééu@aglrﬁ%n %?}é%@ﬁ(fn % Ee decodi ng
errors acplome]at af e i agpeicheof” tzoeeniiditmients taboper ithd Maéd statibrt @ahhe
tracking error even after the C/| value drops, bel ow the m

quant i zat | delibesataly ignone dhe valugsseaeveeoning ﬂ@e@m@éﬁmkéﬁwa”@ﬂe base
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subchannel . addition, the renote station deliberately transmts up bits
to the ser qua:gnztaase valug Dver tharrewynclisubekannel ain addition, the remote station
deliberately transmits up bits to the serving base station throughout the duration
that this favorable channel condition exists. The transmission of up bits only is
contrary to the practice of transmitting up and down bits to track the slope of the
fading curve. Referring back to FIG. 5, if the fading curve is above the threshold
amount at intervals t; — t3, then up bits would have been sent in interval t; — to,
and down bits would have been sent in interval to — t3. However, using the
embodiment described herein, only up bits would have been sent in the
intervals t; —t; and t; — 1.
[1077] The base station decodes the full C/I value on the re-synch
subchannel and determines that the full C/I value is equal to the threshold
value, which corresponds to the maximum value of the dynamic range. If the
base station then receives any up bits, the base station is programmed to
refrain from updating the registers that store the current channel conditions until
a full C/I value is received that is not the threshold value. However, if the base
station receives down bits, then the base station updates the registers

accordingly.



that this favorabl e channel condition exists. The transm ssion of up bits
only is contrary to the practice of transmtting up and down bits to track
t he sl opewofo3phig21 f adi ng curve. Referring back to FIG 5, pcfi/usheo$3addi ng
curve i s ab&2d48t he threshold amount at intervals t1 - t3, then up bits
woul d have been sent in interval t, - t22 and down bits woul d have been
sent ininterval t2 - t3. However, using. the enbodinment descri bed hereln
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over the re-synch subchannel. In addition, the renote station deliberately

transmits Hhath resaives anyowsebitsnienhase statian én programgnesito ratsaiguter on
that thi Sgiiahval Q4 Pegﬁ%@%lat Eﬁﬂg thé %[l Bl Eﬁénne&mﬁd{i’%ﬁg lﬁ{nﬁéh@ﬂteﬁﬁﬁf’des

the full e on subc annél rmnes t e full

C/'1 val ue 3l eajuelis trocédibed trkateddwl notviaatoh, thehihedshaobd vakepoHdwever, tihthe
m ni num vaI ue of the dynam c ra}ﬂ%g.gthlf t he base station, thep receives any

down bits, bage $iatien s‘teéﬁivéﬁ Wi gRnkle £8se 3akliom Yndates JpeatediRietshe

regi sters tpag, d%gé}re the current channel conditions until another full I
val ue is recelve ¥hat does not match the threshold val ue. However, if the
base st ati §t07Hcei Wi&s Zifiusirates thébenefitofthsse smhadimeontsdafdadingeunegyisst er s
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bel ow t he iﬂﬁrﬁﬁi‘é)ﬂéﬂnotetéi'&ibﬁ tfﬂé’n§rﬁﬁ§)§rﬂe fé@ésé}ﬂaﬁmaﬁmet mréémd QaILeseaBat i on
of the threshold value X d on the re-synch subchannel and down bits on
the di fferontihe rfeesyiishc lsubchannel and down bits on the differential feedback
subchannel. If the down bits where taken into account, then a situation arises
wherein up bits could be transmitted before the transmission of the full C/I value
on the re-synch subchannel. The estimate of the fade would follow line 700
until the re-synch message is received at point tre.syncn. However if the down bits
were not taken into account, then the transmission of up bits would commence
at point t,,. The estimate of the fade would follow line 710 until the re-synch
message is received at point tre-syncn. AS one may observe, line 710 is a better
approximation of the fading condition than line 700. Hence, implementation of
this embodiment improves the ability of the base station to track the channel
conditions.
[1080] The use of a threshold for updating the channel state information
registers has an additional benefit: the effects of bit errors on the differential
feedback subchannel are mitigated because the base station can be configured
to recognize the pattern of constant up bits or constant down bits on the
differential feedback subchannel. In other words, if the threshold value is
transmitted, and the incremental values are constant for the duration that the
threshold value is exceeded, then the base station will know that an occasional,



subchannel . If the down bits where taken into account, then a situation
arises wherein up bits could be transmtted before the transm ssion of the
full C/'| welae717eon t he re-synch subchannel. The esti nate eCTtuses/ésde woul d
follow |1in€2028® until the re-synch nmessage is received at point tre_synch.
However if the down bits were not take#Binto account, then the

transm ssion of up bits would cormence at point tup. The estinmate of the
fade woul disotated it that ig1diffgrant| framdheeexpacied, crnslanfestraameeicbieds aN poi nt
tre-synch. ﬁ@rone may observe, line 710 is a better approximtion of the

f adi ng condi'tl'on than Iine 700. Hence, inplenentation of this enbodi nent
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23 isolated™it that is different fromthe expected, constant stream of
bits is antheseefor. [1081] Those of skill in the art woul d understand that
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commands, {dyicHl b)Y med@es) ircuitsl, ahd slgokihing steprl debtritsed Imatommaction
referenced throughout the above descr i{ét i on rrgé be represente
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skill woul appreciate t e various Illustrati ogl ca
bl ocks, noii¢rebangealiliiyt of hardivaregand tdofiverep vadess rliustrative coompareritean

har duar o, - DBIEC BRSNS oAG GBI BBV et DBSETRecrabave Geneaibl fot r at e
this integghangeabilr fuhcBbndity.dWeViRetR8r steht iimtBondIRY |i§ Usnplbiiehtddidsy e
conponents, blocks, nodules, Circuits, and steps have been descri bed above
general | y hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.
[1083] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such

configuration.
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Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



enabl e any person skilled in the art to make or use the present invention.
Various nodifications to these enbodinents will be readily apparent to

t hose skwblosa7i7e1t he art, and the generic principles defipegdisheozsrn may be
appl i ed too0202uder enbodi nents wi thout departing fromthe spirit or scope of
the invention. Thus, the present inver8don is not intended to be linited
to the enbodi nents shown herein but is to be accorded the w dest scope
consistent with the principles and novel features disclosed herein. WHAT
IS CLAIMED |I'S: WD 03/071721 PCT/ USO m 020248 25 CLAIMS 1. In a

Wi rel ess conmmuni cati on system an apg § for scheduling forward |ink
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plurality of increngntal . channel uallty val ues froma renote station,
wher ei n th&Wén'ﬁ?nﬁm'sq% Qﬂﬁ‘ﬂﬂ N9channel quality values are recei ved
sequential ly; apgns@bRrblevfdnt; amglating a register with a channel quality
estimate, wherein the channel quality estimate is based upon the full
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val ues. ar at f i ectively updating the

regi ster WPPR ﬁﬁ%\%naﬁjﬁg R/&f 'QW%@ﬁc@ﬁprl ses: sequentially adding
the plurality of Incr@mnhgla fah@naahelayadlity yahial areba touralityeof decremergalof  t he
register; and resetting the register wwth the full channel quality val ue
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quality value and the plurality of incremental channel quality values.

2. The apparatus of Claim 1, wherein selectively updating the register with
the channel quality estimate comprises:

sequentially adding the plurality of incremental channel quality values to
the contents of the register; and

resetting the register with the full channel quality value when the full

channel value is received.

3. The apparatus of Claim 1, wherein the full channel value is received

concurrently with more than one incremental channel quality value.

4. The apparatus of Claim 3, wherein selectively updating the register with
the channel quality estimate comprises:

sequentially adding the plurality of incremental channel quality values to
the contents of the register;

resetting the register with the full channel quality value when the full
channel value is received;

summing a portion of the plurality of incremental channel quality values;

and



resetting the register with the full channel quality value when the full
channel value is received; summng a portion of the plurality of

i ncrenent\ab oshartael qual ity val ues; and WO 03/071721 PCTPUSAZ006:378
020248 26 0202d8ng the summed portion of the plurality of increnmental
channel quality values to the full chafhel quality value set in the
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qual ity vag ? stored in the channel state register. 8. The nethod of Caim
5, wherein it the full channel quality value cannot be decoded, then using
the plurality Ofesiemﬂfgamhhhnnélasmé rqgitert with ahaefsill achdnimel duadityavaluei nk
channel quality ﬁtus for tr? anit i ng channel quality val ues

2\ Kyothec

over a feeWB&BIJheZWh?nﬁ:ﬂ 8“ Ity yariesis fy rising: a re-synch

subchannel generation systemfor generating full channel quality val ues;
and WO 03/071721 PCT/ US03/ 05373
6. The method of Claim 5, further comprising:

summing a portion of the plurality of incremental channel quality values;
and
adding the summed portion of the plurality of incremental channel quality

values to the full channel quality value stored in the channel state register.

7. The method of Claim 5, further comprising:
summing the plurality of incremental channel quality values; and
adding the summed plurality of incremental channel quality values to the

full channel quality value stored in the channel state register.

8. The method of Claim 5, wherein if the full channel quality value cannot be
decoded, then using the plurality of incremental channel quality values as the

forward link channel quality.

9. An apparatus for transmitting channel quality values over a feedback
channel to a base station, comprising:
a re-synch subchannel generation system for generating full channel

quality values; and



020248 27 a differential feedback subchannel generation system for
generating a plurality of increnental values, wherein the plurality of

i ncrenentwb ogatues are mnultiplexed with the full channel pqualsns/gs3val ues.
10. The app2d8us of Claim9, wherein the plurality of increnmental val ues
are code-nultiplexed with the full cha&nel quality values. 11. The
apparatus of Claim9, wherein the plurality of increnental values are

ti me- nul t| pI exea dﬁfewmlabfeqﬂhack,rﬁ%@@ﬁnaa'agewavanlm@termzfor PeBSEIRG 8t us of

d 9, t
o, BRI, e ohs/t i or peRFhgRar|aRBaSa.  on
peri od. 13muﬁmemu)wrtatth@ftﬂlfcr@naehqdﬂltywbkmel n a Wal sh spreading el enent is

used in the re-synch subchannel generation system and not used in the
differenti aI f eedback subchannel. 14. The apparatus of Claim 12, wherein a

common Val g fu?ﬁé'aﬁ)@a‘rﬁug%‘?@lélﬁl 9! WRedin tes Fﬁ‘ﬁrélﬁ of ﬁﬁ;‘i’@ﬁ%hté%ﬁ}é@%'

generation system transition indicator subchannel generation
system 15codérenudtiplaxed withdhe @ilbchanhe] qualkty eatlugshe conmon Wal sh function is
used to indicate a base station index. 16. A nethod for transmtting
channel information froma renote station to a base station, conprising:

generatingqq fulrhe Gppangls @ dlaily9Vehersin #¥lp ﬁ!ﬁélﬂ%@‘fiﬁtgerfﬁa@nidvabmrﬁ@
channel quality value, wherein the increnental annel quality value is

mul ti pl exetime-mbltiphexeduwith theofivH ehagoell quajity walues. 17. The nethod of O aim
16, wherein the full channel quality value is generated over nore than one
slot. WD 03/071721 PCT/ US03/05373 020248 28 18. The nethod of C aim 16,

wher ei n t he2j ncTrgeapparanirroieClaimalo; tfurthel ueorhprisigg nar ramsitiory eindicatdr sl ot
in a channel franme. 19. The net hod of Claim18, further conpris

gener at i ngSabehannel oeBeratieniystes fongenarating Reflag i indigates ibe c‘%qrgpf s
mul tipl exef}aﬂéﬁgnél%rlo@?re”ﬁm al channel quality value and the full channel

13.  The apparatus of Claim 12, wherein a Walsh spreading element is used
in the re-synch subchannel generation system and not used in the differential

feedback subchannel.

14.  The apparatus of Claim 12, wherein a common Walsh function is used in
the differential feedback subchannel generation system and the transition

indicator subchannel generation system.

15.  The apparatus of Claim 14, wherein the common Walsh function is used
to indicate a base station index.

16. A method for transmitting channel information from a remote station to a
base station, comprising:

generating a full channel quality value; and

generating an incremental channel quality value, wherein the incremental

channel quality value is multiplexed with the full channel quality value.

17. The method of Claim 16, wherein the full channel quality value is

generated over more than one slot.



quality value and is used to indicate a transition period for the base
station. 20. Apparatus for estimating forward |ink channel quality froma
full chamwelos/ogural ity val ue and a plurality of increnentalPCthsoneds7giual ity
val ues, cooz248i ng: neans for decoding the full channel quality val ue over
a plurality of slots; and neans for iM8enentally updating a channel state
register with the plurality of increnental channel quality values, wherein
each of thad8pl uTheimetheg of Giaimeh@nwhereimtheniecrefoentat ghannel ayalityvajueisi ved

hannel st SEUS{aET Ellareag ot Rt Plimirel tBme, ° SL2T ) Val e vihen the ful

channel quality value is fully decoded. 21. Apparatus for transmtting

channel information froma renote station to a base station, conprising:
nmeans for d8@ner dhpraethod of Claimnh@lunt§eaePmprisiigie; and means for generating

an increnent al ak Lt yval ; ' ; | AR : I
quality value i @Qﬁﬁﬁ%bgﬂéxgﬁhﬁt&gﬂ yﬁiéc%ﬁ{wgﬁgé{ﬁg}héqﬁgl tly 3'1:‘1 'Eéﬁ"lg%. The
appar at us efuligblexed ith the timerememalr clsamyel quedits viatre gedethet fuly channel

transition indicator, er ei transi

t he i ncr emBHaMHY V& 'scf-iﬁﬁqntpi)ﬂ&i&ﬂ?ea i’ﬁtﬂgﬁ'gﬂ deu?'gb%gaﬁ{?nﬂ‘%en%pﬂgﬁg'ﬁlt §X\e/g| \tljmet "
and is used to indicate a transition period for the base station.
20. Apparatus for estimating forward link channel quality from a full channel
quality value and a plurality of incremental channel quality values, comprising:
means for decoding the full channel quality value over a plurality of slots;
and
means for incrementally updating a channel state register with the
plurality of incremental channel quality values, wherein each of the plurality of
incremental channel quality values are received separately over each of the
plurality of slots and for resetting the channel state register with the full channel

quality value when the full channel quality value is fully decoded.

21.  Apparatus for transmitting channel information from a remote station to a
base station, comprising:

means for generating a full channel quality value; and

means for generating an incremental channel quality value, wherein the
incremental channel quality value is multiplexed with the full channel quality

value.

22. The apparatus of Claim 21, further comprising:

means for generating a transition indicator, wherein the transition
indicator is multiplexed with the incremental channel quality value and the full
channel quality value and is used to indicate a transition period for the base

station.



