WO 03/ 092175 PCT/ US03/ 12934 1 MULTI PLEXI NG VARI ABLE- RATE DATA W TH DATA
SERVI CES BACKGROUND Rel ated Applications [0001] This application clains
priority woopesadinig Provi si onal application nunber 60/ 37®C3a3p3/i298B£d on
April 25, 2002. Field [0002] The present invention relates generally to
communi cations, and nore specifically to a novel and inproved nethod and
apparatus for nultiplexing variable- rate data with ot her data services.

[ 0003] W r el esMUbKFRREXINGOWARIABI 16 RAEE MATEA WHEHI RAFA SIBR¥IGESde
various types of conmunication such as voice and data. These systens nay
be based on Code Division Miultiple Access (COVMA), Tine Division Multiple
Access (TDMA), or sone other nodul ati on techni ques. A CDVA system provi des
certain advantages over other typBACKGROUNDs, including increased system
capacity. [0004] A CDVA system may be designed to support one or nore CDVA
standar ds RefdledAppldativhe " T! A/ EI A-95- A(B) Mobile Station-Base Station
Conpatibility Standard for Dual - Mode W deband Spread Spectrum Cel | ul ar

Systent (t - 95 (2 § @ d : . @.1C UM
nanmed " 3r dn%)ednlgr ati oflIt a?‘f?’hg%asnﬁlﬁpha{ﬁﬁ%j@tg? W?é(f’%igl%gqg%lggﬁle B@%ragbget of
docunent s innoibad6@/g7 DO6WY fded oiNAgpril 3552082, 25. 211, 3G TS 25.212, 3G TS
25.213, and 3G TS 25.214 (the WCDMA standard), (3) the standard offered
by a consomRiéldm naned "3rd Ceneration Partnership Project 2" (3GPP2) and

enbodied in a set of docunents including "C. S0002-A Physical Layer

St andar d f gpo02gma2000rheppreseht PRRmtibh Telaes t @ABrally ttBecontmBHeARME MRP#ord-ayer
(Layer 3) Signaling Standard for cdnma2000 Spread Spectrum Systens," and the

" C. S0024 cdpesHiadlyHp ghneyel andampeavedancshos) and appargtes for gpeleiplexingt yasiable¢ t he
cdma2000 r 4) . S ot her standards. Non- CDVA systens include
el P

t he AMPS an Wrel ess communi cati on systens may
support tr Lssionof variable-. rate data. For, gx | e, .voi ce, signals can
be encoded g a voRBEE tABYTEHBn SasPrS are Widely dedloyes o rovide vadds

types of communication such as voice and data. These systems may be based on Code

Division Multiple Access (CDMA), Time Division Multiple Access (TDMA), or some

other modulation techniques. A CDMA system provides certain advantages over other

types of systems, including increased system capacity.

[0004] A CDMA system may be designed to support one or more CDMA
standards such as (1) the "TIA/EIA-95-A(B) Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95
standard), (2) the standard offered by a consortium named "3rd Generation Partnership
Project” (3GPP) and embodied in a set of documents including Document Nos. 3G TS
25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3)
the standard offered by a consortium named "3rd Generation Partnership Project 2"
(3GPP2) and embodied in a set of documents including "C.S0002-A Physical Layer
Standard for cdma2000 Spread Spectrum Systems," the "C.S0005-A Upper Layer
(Layer 3) Signaling Standard for c¢cdma2000 Spread Spectrum Systems," and the
"C.S0024 cdma2000 High Rate Packet Data Air Interface Specification” (the cdma2000
standard), and (4) some other standards. Non-CDMA systems include the AMPS and
GSM systems.

[0005] Wireless communication systems may support transmission of variable-
rate data. For example, voice signals can be encoded using a vocoder to produce data at

variable rates. The rate will be low when the voice activity is low, for example, when



variable rates. The rate will be | ow when the voice activity is |low, for
exanpl e, when WD 03/092175 PCT/ US03/ 12934 2 the user is listening, and
hi gh wherwooBo®i12ctivity is high, for exanple, when the ugemtssy/1®peaki ng.
Capacity in a wireless comruni cati on system can be increased when voi ce or
other variable-rate data is transmtted #n such a fashi on. Typi cal CDVA
systens inherently benefit fromthe variable nature of voice data. [0006]
Var i ous corniimsec & lisbenisgy, sind mighawben weippantivitg iisthilgh afoe exaamploj when(the usatikier

vari abl e-rat e ,dat and data, services. [For exanple, ,a.user be tal king
Wth e ol PRPAUE. KRy o PR A RSon S GG o (REISE] B 4O°ASE o
conputer, Ry Hriable-rafdl 85R6E BESHAKRd M SRG §IRNEET -TyPh@l ahR20Q9stehgndar d
provi des for such a feature. In sonme cases, sone or all of the data from

t he data sénherenélyrhgnefitsfiiomgheavartableraturgpof Woicy dath.abl e-rat e data, such as
voice or video. If the voice activity is high, thus generating a

rel ativel y [600f) anounfarmius vammirieationt systtaisaalsarsdppdre rsemilsareaek ebicd aoa

awai ting transm.ssion fdr%gn t&e dat a .services, data awaiti Bg tlgiansm' ssi on
may exceed FE Varplewty dagy apd dataservicesc HFign fEAmPIEs @ P8FTBay BF fplking fuihd e or

dropped, th@arfesdRYmRiAcAiRAAIV IR thATif Gkb RAndtRCR® ABtdp domPdterd BrovidiRe"
hand, if data services do not get sufficient bandw dth on the channel, the

dat a servi detemgyactesspodhe eerhpeser. | Tredmagdeo standsodypyswides fatsuck aifeateisedef or e
a need in the art fog rrulthplfe in v{arri a@ll e ale idéaltasglith dat.a servj ces

on a shar ed°®fidfRiédr *°8Y Y’ ?‘6 B dGi RentSvar It gl&fcﬁe‘mgpﬂ a‘?ﬁ’al? ess
the need i Nafiftsledte dhtal suchisk oke®¥ ivitizoV af thaPbiee ad Btydiahighiiul gdadratines Vi ces
on a shared channel. In one aspect data fromdata services is o
prioritizedelapyedn heh osmeyntqaf vasabletatsgdatia 98¢ hereoss magket, data| awaiting di m
command bei ' Ce £ . Il =T aus
maki ng roont%ta g ?)rbﬁt§i ﬁgqrggrgye?egtﬁvsﬁ\ég&dg?gswg%\?\g?I%F)ér{lﬁ]g%ll&?y a’zfta g&fj 3@%116%}?%12&'
servi ces na¥ thershdred oharinbe Dfexdicadatial iaklelysd ac dropped, htherte meyl beiangegatiee r at e
of the vari ?fbl e-rate data, In aP‘ot her aigegt, dat a .seryices data_js

cat egor i ze&HEH 87 (RIS d ity r @ ghe theryhandy, & data §epyicesdo diof gt quificient
preenmpt vanhaRlRH &4 theddaanelVad 44 BEVRE Ithdy S’r%b SrEadtef %Hé&uatenth?o@hﬁi&t.
command reducing the variable-rate data. Low priority data may walit for the
next avai [Thbfeds ¢pacfore anedddntthe et farimgtiplesing ynsalé-rath dataavittadite seraices dat a.

Various ot r(])(r:';ra shared channel.

SUMMARY

[0007] Embodiments disclosed herein address the need in the art for
multiplexing variable-rate data with data services on a shared channel. In one aspect,
data from data services is prioritized. High priority data awaiting transmission may
result in a dim command being issued to reduce the rate of the variable-rate data, thus
making room for the data services data. Lower priority data from data services may
wait for the next available space, without reducing the rate of the variable-rate data. In
another aspect, data services data is categorized into three or more priority levels. High
priority data can preempt variable-rate data. Medium priority data may result in a dim
command reducing the variable-rate data. Low priority data may wait for the next
available space, without reducing the rate of the variable-rate data. Various other
aspects are also presented. These aspects have the benefit of allowing variable-rate and

data services data to be multiplexed on a shared channel, while balancing the quality of



aspects are also presented. These aspects have the benefit of allow ng

vari able-rate and data services data to be nultiplexed on a shared
channel , wbioBmotias anci ng the quality of WO 03/092175 PCT/ B8@a/st29844 3 t he
vari abl e-rate data signal and naintaining data services when the

vari able-rate data is at a high rate. [D008] The invention provides

nmet hods and system el enents that inplenent various aspects, enbodi nents,
and f eat ur gbe wiriableeratendata sigoal ,and snaghetsinin gdhdada services whar the datighle-rigeldowa.is BRI EF
DESCRI PTI ON Q,%‘EE DRAW NGS [ 0009] The features, nature, and advant ages of
the presentif #n will become nore apparent fromthe detail ed

descri ption éqet forth_bel ow when tgﬁen in coquLunction with the drawings in

whi ch Iike [P Hrence Thsainyenrtions POl imsthodsonnde SR e NNty Hhab JERismenind
wherein: [ QQ%QLs lﬂp@cts,lefngo RRELAL Rlaek of RO ﬂf)n,g?s"\ﬁésgﬁﬁ'&ﬁin further

communi cati on system’ capabl e of supporting a nunber users; [0011] FIG
2 depi cts aletatdehpl.ary enbodi nent of a nobile station; [0012] FIG 3
details an exenplary enbodi nent- of a portion of a nobile station that
prepares data for transBRIFFODESCRIPIION OF PHEDRAWNG®Rart of an

exenpl ary enbodi nrent of a nmethod for nultiplexing various subl ayers;
[0014] FIG 5 depicts a prior art inplenentation of arbitration between
data service data and variable-rate data; [0015] FIG 6 is a flowhart of

an exenpl argogyyoodi e RlanAdDi fdidk! ARdMMVaRtagsl bEStheabBsene ik &RioRT WA i TY
over variable-rate data; [0016] FIG 7 is a fﬁowchart of an alternate
enbodi nent betome mare sappanantnfronh thebddtaitade deseripticrb bes- fosthebedowd velzemataken vk ces

by giving only a.subs f data.service fr priority over variabl.e-rate
deat and CoumRigy i e SHERATS, dnr SubcRN TRe  BirBhtd Lelent oGS
ar bi trati orowBigoRdinBB/ tAiugBolt ant alplefein:at € and data services by further
prioritizing data service franmes, allowng certain franes to preenpt

variabl e-rgpgr¢jat a. FIG. 1 is a general block diagram of a wireless communication system

capable of supporting a number of users;
[0011] FIG. 2 depicts an exemplary embodiment of a mobile station;

[0012] FIG. 3 details an exemplary embodiment of a portion of a mobile station

that prepares data for transmission;

[0013] FIG. 4 is a flowchart of an exemplary embodiment of a method for

multiplexing various sublayers;

[0014] FIG. 5 depicts a prior art implementation of arbitration between data

service data and variable-rate data;

[0015] FIG. 6 is a flowchart of an exemplary embodiment of arbitration which

gives data service priority over variable-rate data;

[0016] FIG. 7 is a flowchart of an alternate embodiment of arbitration which
balances variable-rate and data services by giving only a subset of data service frames

priority over variable-rate data; and

[0017] FIG. 8 is a flowchart of an alternate embodiment of arbitration which
balances variable-rate and data services by further prioritizing data service frames,

allowing certain frames to preempt variable-rate data.



WO 03/ 092175 PCT/ US03/ 12934 4 DETAILED DESCRIPTION [0018] FIG 1 is a

di agram of a wireless comuni cation system 100 that nay be designed to
support owe 0a/09210F e CDVA st andards and/ or designs (e.g., troa/U/EZDB
standard, the 1S-95 standard, the cdm2000 standard, the HDR
specification). For sinplicity, system4100 I's shown to include three base
stations 104 in comunication wth two nobile stations 106. The base
station and its coverage area DEFADEEDDESGRIBTIONely referred to as a

"cell". In 1S-95 systens, a cell may include one or nore sectors. In the
W CDVA spe¢0(18tat i on FIGary sdiegram offa V&lraaﬁ;&:oﬁirﬁlﬁﬂlwmoarsgfstéﬂnelmabzit(md)sbe
coverage area is referred to as a cell sed herein, the termbase

station cadesgnagstecupport @?%%ﬁ’@é’a@p}/{m%%d@%’é apd/opdesignsde L ghe AY-[GMRodeB.
The term "?%%lﬁdshﬁt 1506%%%%4% tﬁés‘é L3tjoBr GRATMAE ARL YR {be%ﬂﬁaﬁ&{)mlz er
equi pnent SCri unit, scriber stdtion, ess term na

renot e t er sinficityosystn @00 @mhmpmmch@letthreﬁﬂ)akmsoanomsnlﬂl41m eoThmuniChtéort er m

nmobi l e stati.on enco sses rel ess applications. [0019 Depe ding on
t he CDMVA sy‘%'t}‘eﬁf"bép&g % %ﬁ‘%ﬁ&éd%l&a@ﬁs%é‘@w’é angy U iCYC1385 2y 2o i cat e
Wi th one (esuéeﬁ%évy%ferfza&@)as *aa%arstﬁ%m% s394moM &énemawﬁaa@dedoﬁe Bkmite any
gi ven nonent, and may conmunicate with one”or nore base stations on the
reverse |i a@t@spdndhmgV@Dme&mgflcmom@acft festaroifial asststatiopranidghe secsarfs
handof f. The forwar refeps.to rans SSi on fro t he

bane st at i enversts Rrlis et e fug P Re i bESnolR skl blstatdlioRga Be Wil

refers to feieRargean19with @EtdriR ack@Pipbiit oF ModeB. tThe ltdith ﬂl@Bﬂe St'bﬁéﬂ @em be 0020]
For clarity, the exanples used in describing this invention may assune

base stati desl mécrehragesdlyywitht Be temsssghaAwPEREt (B} Isebsstiben WHE syBscribeki ver s
d f R
0 2o Sion byt R SBReR el B HEL S RRpdd BN e TS

stations cahe bﬁnﬂﬂublmﬂlm&ntomp&mstfncbmlt\ara&s appbcatiohed herein and t he

aspects of the present invention apply in those si tuations as well. The
word "exenmpdeamy” is m&lmg:ldﬁsmeebbmgr 8ysferh ObdiBRNmMpSdietitétl) ca8h amobile
exanpl e, instance, Il lustration." Any enbodi mnent descri bed herein as

" exenpl ar y'statign 1ﬁétm@neé@§wmc|ag¢ vish pae (oh ppssifdy raereh baseestpléensol04 on the
advant ageoys. Betind i BRAIHIBALR. and R LomHRhRR ORnPERY0Frt P O

of a nobile |on muni ca
statlons on the reverse link dependmg on whether or not the mobile station is in soft

handoff. The forward link (i.e., downlink) refers to transmission from the base station
to the mobile station, and the reverse link (i.e., uplink) refers to transmission from the

mobile station to the base station.

[0020] For clarity, the examples used in describing this invention may assume
base stations as the originator of signals and mobile stations as receivers and acquirers
of those signals, i.e. signals on the forward link. Those skilled in the art will understand
that mobile stations as well as base stations can be equipped to transmit data as
described herein and the aspects of the present invention apply in those situations as
well. The word “exemplary” is used exclusively herein to mean “serving as an
example, instance, or illustration.” Any embodiment described herein as “exemplary” is

not necessarily to be construed as preferred or advantageous over other embodiments.

[0021] System 100 provides the option of a mobile station 106 communicating
with one or more base stations 104 using voice and data simultaneously. In the
exemplary cdma2000 system, a mobile station 106 can communicate using the

fundamental channel (FCH) as well as a supplemental channel (SCH). Voice is an



with one or nore base stations 104 using voice and data sinultaneously. In
the exenplary cdna2000 system a nobile station 106 can conmuni cate using
the fundwomawedi7ehannel (FCH) as well as a suppl enental eearuses/ 19SCH) .
Voice is an WD 03/092175 PCT/ US03/ 12934 _ 5 exanple of a variable-rate data
source that requires relatively Iowlaténcy, but can tolerate |loss of a
certain percentage of packets while providing acceptable quality. Voice is
del i ver ed erample dfumdarnebitahtecdasnsedrce [t 224uiBisgreddtivaly lomqldtersy, bot gan nt ai n
the wirel ess connection (i.e. keep the call alive) is also transmited on
the TundanmifiERie Kiaflet cominerares it bamessPBI Proiting scgeipe St

si gnal i ng. igX@npluesve?td bR fukiah®ate? chaimbude call setup, call rel ease,
handshaki ng, and call naintenance. In certain systens, cdna2000 for

exanple, L 3 sigaalb el J [+ Of; It i [t is
required tgm?r%] nt ai ngyt;l glhﬂg(g%?g%?ﬁ éﬂélﬁﬁﬁi%%%%sggfﬂﬁggdgo g"g'rg/? edg&g?l!a al so
provi ded. 3hiee)databosemsmditedponothe dfohdankai] cRarfnet. Aaxexapipke, ofnthis aghabmg fior

data retrapsmt _and packet_reordering, and, depending an the pli cation,
may acco ¥'e 3as‘ﬂ1581gvar}f"‘é’t“?%?§ P_h r}%’é'% %c&?sqj(ﬂo‘\ﬂ&?g? ,C_aﬁns?fﬂlﬁt Fajgtrelf’ﬁse’

vari abl e- r ahgasflatiAg | dni@ad HhffteRinc] HPGrtalil@sBMAcHREII0090F SxaBfIETAYEY3
intolerant of data'loss. A user may want a m ni mum guar ant ee of service

(G0S) or quignaling showdrbe givenQasy , hightprahityresjndgeitcisnteguised do baaiikseh theer s
and carriercg irb a g/irr] Igss system to ensure that a mninmm average
t hr oughput COBMHIH EH lity netric, is obtained. [0024] Data systens

comonly e the Internet Protocol (] facilitate dat sfer.
Systens’ enbWH ng T p I serases, e ool oty B serufie prasoRu TRPABTSE 1
the [ink | gyshple! MalefBw! fordata0btrBRGE hnd padked teorddri@l ah®, depBiding 8h tthaind
end of each IPp packet. Sonme CDVA systens, such as those enploying the

| S- 95 st andpplitatipunmpp agepmmpdateg widet rirbpmtin fetencye oHopwPPeR) in PEprast o t ur n,

uses a framn rat acaol,..nanmed Hi gh Lk C r . e

i nf or mati ony a%%’lg'éé%ﬁgatﬁﬂllfﬁvf) SF °p ,e o’stgghgtﬁ%@mﬁ%%%l.yqﬁ%e%ﬁt ofﬁﬁtgggs{st ion
to utilizi pguérmiamvag Pmotioeel gusanbe asdiab&(GOBR orgualitydf service (QDY%)

| evel protocol. For exanple, cdnma2000 systens run PPP over Radi o Link
Prot ocol Tyyhchzmay be eppfgdciadsbeteen ysgrs apgicarmess g Rirpless stsmb 4@ gnsure that

TEA LA Sy {(Qfirhim average throughput, or other quality metric, is obtained.

[0024] Data systems commonly employ the Internet Protocol (IP) to facilitate
data transfer. Systems employing IP send data in packets, and rely on the layer below
IP, the link layer, to keep track of packet framing — that is, the start and end of each IP
packet. Some CDMA systems, such as those employing the IS-95 standard, run IP on
the Point-to-Point Protocol (PPP). PPP, in turn, uses a framing protocol named High
Data Link Control (HDLC). For more information on using HDLC for PPP, see IETF
RFC 1662.

[0025] In addition to utilizing a framing protocol, such as HDLC, PPP may run
on a lower level protocol. For example, cdma2000 systems run PPP over Radio Link
Protocol Type 3, hereinafter RLP. For details on RLP, reference TIA/EIA/IS-707-A-
2.10, “Data Service Options for Spread Spectrum Systems: Radio Link Protocol Type
3.” (the RLP standard). In the exemplary embodiment, data services are delivered via
RLP. Data service data may be referred to herein as RLP data. In general, RLP data
has the characteristics described above, including latency tolerance, and the like.

However, certain RLP control frames may need to be delivered with less latency than



2.10, "Data Service Options for Spread Spectrum Systens: Radi o Link
Protocol Type 3." (the RLP standard). In the exenplary enbodi nent, data
servi ces wpasgdedirvered via RLP. Data service data nmay bePcefusns/ed3s o
herein as RLP data. In general, RLP data has the characteristics described
above, including |atency tol erance, and G he 1ike. However, certain RLP
control franmes may need to be delivered with less |atency than WO 03/092175
PCT/ US03/ 12@ietal pacietndatakerpme ke ordiatta setarpy incantain, or ditaint aslegedte thpoughpiunt ai n,

or obtain adequate throughput, for a.data servi ession. Exanples of this
are detail ‘Ef"“f%’rt? AV ICHSPB/IRN- | E‘Q{esloﬁ %I?Fﬁé’ﬁﬁ‘ﬁe‘igﬁﬁ'@ﬁg?lo‘g' portion of the
control signaling required for data services is transmtted on the

f undament all0®¢dnnel , InsdmagdRg systems; 3 PPrtign offhercontralsignading Jeqyyied fendat

channel . F i i . ;
A B A 1 Sy B e G BF e o SR e S AESE Sahinitch on fhe

Spectrum Symlemsntal [ OkkdnEl. THos detailst dre cdme2IOadsta ssestieasy 566 geuetabp 0HO) |
Layer 3 si | i riable-rate data (voige), d.data services (RLP
data) are ﬁﬂ%’gﬁ@z&;’ﬁéﬂ? 19 Ao RS e REE) §%‘¥$‘§ﬁﬁ(§l’t?°"lsn%f kﬁge"éﬁsm(“é‘,mt he

suppl ement glygeharnel is not used for variable-rate data, so it will not
factor into"the foll ow ng discussion. However, the principles disclosed

herein vOUKGoARPY | Frif@r iRt ahRatl AL A RoA(haliod) R4S ABhAing N -

suppl enment annel , or any other c se o in the a
recogni ze thrablehae pdatandvepices adid sddtosedvidesr RIP alppl) yare aneltiplesyd tame the
i ncl udi ng channel on ich variabl e-rate data, such as voice or  video,
mist be. ulVHTERE GRTSTa EniiihERTRe: oSBT SpOTele, Nl JGrd o | P
[0028] FI GyagatsleRatsidata sBAE bhilMoRffa@br Mt aoWIRPIdiRussicH. | PowkWbr, (R gnal s
are received and transmitted via antenna 210. Transmitted signals are
formatted iprinciptassigclosed hetiein wowd applyrifivargpbleoragmdata wermaleo wultgplexed anjet em
standards, ,such as those |ist.ed abo depl oyeddn syst 0 appl es of
conponent stq%g?ppiwerg% i%alnﬂ%}ed)riar?y %{trﬁgrngﬁ?'}ng%haf[ﬁr?o%ﬁ?asr%eﬁ inng%edg?[ sa’Hi

i nt er | eavergoghizt eRAahs pri@plel disolosedher¢iar Applis td desystend ifdliding ki Sharfriel t er s,
digital-to-analog (D/A) converters, radio frequency (RF) converters, _and
the |ike. Datvhighyanablgetg dap.cuch as piss preigdeq.anyst b sliiplexsd ento aghappel

processor %ﬁ&. othétHatNEr Q&R ALY pgbodi ment, processor 240 provides frames
of data for transmssion. ’ '

[0028] FIG. 2 depicts a portion of an exemplary mobile station 106. Signals are
received and transmitted via antenna 210. Transmitted signals are formatted in transmit
chain 220 according to one or more wireless system standards, such as those listed
above, deployed in system 100. Examples of components that may be included in
transmit chain 220 are encoders, interleavers, spreaders, modulators of various types,
amplifiers, filters, digital-to-analog (D/A) converters, radio frequency (RF) converters,
and the like. Data for transmission is provided to transmit chain 220 by processor 240.

In the exemplary embodiment, processor 240 provides frames of data for transmission.

[0029] Signals received at antenna 210 are processed in receive chain 230
according to one or more wireless system standards, such as those listed above,
deployed in system 100. Examples of components that may be deployed in receive
chain 230 include RF downconverters, amplifiers, filters, analog-to-digital (A/D)
converters, demodulators, RAKE receivers, combiners, deinterleavers, decoders
(Viterbi, turbo, block decoders such as BCH, etc.), and others. Data from receive chain

230 is delivered to processor 240.



[ 0029] Signals received at antenna 210 are processed in receive chain 230
according to one or nore wreless system standards, such as those listed
above, dwploeyexi7s n system 100. Exanpl es of conmponents thacTnsys/im3depl oyed
in receive chain 230 include RF downconverters, anplifiers, filters,

anal og-to-digital (A/D) converters, denbdul ators, RAKE receivers,

conbi ners, deinterleavers, decoders (Viterbi, turbo, block decoders such
as BCH, et d0030]and otSoeresor alladfahé Funetiomcefi reeivheliain 233 and samelii heaied2® o

rocessor 240. 03/Q92175. PCT/ USO 2934 7 [0030] So or .al. f the
P inctT ong G153 AEb SR DR GO A D GO B eos Surthgs & PRg abSienal s e
out in proeesesdor 2455P)0br R N&IneRll A5t §5eR1al SpLEPoRS prockiset.t alechn@idy for

Processor (DSP) or other general or_ special purpose processor. Techniques
for recei ¥¢astyisgd andanstmansmitigg COMPMAD otnder othest esysempl éampleg  and

art, and  PAPOURGaYR-BRrBliSROat R BB S R ERE o L BRI w1 T

the art wi lfAll We®@oheZeopd W ihathréRAbinvahticSTRésetdTakdl antheQirh@ill fREPARENT S
that can be depl oyed without deviating fromthe %ionci | es of the
i nventi on @¥iadoebinaiaus of thees apd (othey) qosneaers dhtfoeAmbatdsployed vathost 240

may be a Didg{i%@%ﬁt)%gﬂé Wﬁ&'\ﬁ@?éﬁ% irhvarfion 8&%%5% t%?é]ﬁ.r al - purpose processor.

Those of ski recogni ze that the nmethods and functions

descri bed hkn wWith r ect 1 [ sqr 24 n_al sp be perfored, using
speci al pu?@ggg har d\?\ll}iragi?3 aqpefrgbccglslfs}%nﬁ% Bg)cce:sosg{)i% tlmgaP{ §‘F a rlglc%lsgbgngl or

DSPs, or aPesugbiondDSP) &f il keraltpigpdsboprecestaiTe Thoselof skfll imehd WRCwildNS
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[0032] Vocoder 260 is the exemplary variable-rate data source, connected to
processor 240. Other variable-rate data sources can also be deployed. Vocoder 260
receives voice from microphone 280 and, based on voice activity generates variable-rate
data in response. In the exemplary embodiment, the vocoder produces full, half,
quarter, and eighth rate frames. Full rate frames are produced when the voice activity is
high. When the user is listening rather than speaking, eighth rate frames may be
generated to provide an indicator of background noise. Any number of rates can be
supported within the scope of the present invention. A vocoder is also commonly used
for decoding received (and demodulated via receive chain 230) vocoded data to produce
an audio signal representative of the voice signal which can be delivered for audio

reproduction on speaker 270.

[0033] Processor 240 also receives and delivers data service data, which may be
IP data, as described above, or any other type of data service. Common examples of

components for which data service is provided would be a laptop computer connected to
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multiple frames for complete transmission. Multiplex sublayer module 340 takes partial

frames and combines them to form full frames when applicable, and parses larger sets of
data into multiple frames. Multiplex sublayer module 340 assembles data from one or

more logical channels into a form suitable to be sent out on the physical layer.

[0036] In the exemplary embodiment, when a voice call is active, the variable-
rate data source 310 will always have a frame for transmission. When the frame is a
full-rate frame, there is no room for data from the other modules. When it is half rate or
less, control frames from the RLP controller can be multiplexed with the voice frame
and transmitted simultaneously. When voice and data are occurring simultaneously, the

availability of RLP data for transmission may be sporadic.

[0037] When variable-rate data source 310 is polled, it returns an indication of
data available for transmission as well as a rate indicator. Exemplary rates were
described with respect to vocoder 260 above. In some embodiments disclosed herein, a
dim command can be issued to variable-rate data source 310, which will cause the
variable-rate data source to temporarily cap the amount of data generated. In the

exemplary embodiment a dim command will cause the vocoder to produce, at most,
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[0039] Connection control 330 is an exemplary data source. In the exemplary
embodiment, connection control 330 is a Layer 3 signaling source, as described above.
Layer 3 signaling is deemed to be the highest priority, due to the assumption that such
data is necessary to keep the communication link alive. When polled, if data is
available for transmission from connection control 330, it is transmitted right away
without regard to the contents of the data. Alternate systems may not require such a
connection control 330, or have a data source whose data is of such high priority. In
such a case, the arbitration schemes described below will be readily extended by those
of skill in the art to the data from connection control 330. For the sake of clarity of the
following discussion, connection control 330 (or Layer 3 signaling) is used as an

example of a preemptive data source only.

[0040] FIG. 4 is a flowchart of an exemplary embodiment of a method for
multiplexing the various sublayers from the components described with respect to FIG.
3. This flowchart uses the exemplary Layer 3 data for connection control and RLP data
for data services. The variable-rate data source is assumed to be a vocoder and a voice

session is active so the vocoder will produce at least an eighth rate frame each iteration.
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will be preempted. Then the process stops. If no Layer 3 data is present, proceed to

decision block 430.

[0043] In decision block 430, the data service module 320 is polled to see if any
RLP is available for transmission. If so, proceed to step 440 to arbitrate between the
RLP data and the vocoder data (recall that vocoder data is presumed available since a
voice call is active). Various embodiments of step 440 arbitration are detailed below
with respect to FIGS. 5-8. Note that, as described above, the arbitration methods 440
detailed below could also be applied in step 420 if connection control data was not
presumed to be preemptive. Once the arbitration and resultant data has been sent in step
440, the process stops. If no RLP data is present, in decision block 430, proceed to step
450 and send the vocoder frame. Then the process stops. Note that this process can be
repeated to produce each frame of data output from multiplex sublayer module 340 (or

other increment of data in alternate embodiments not utilizing frames).

[0044] FIG. 5 depicts a prior art implementation of the arbitration between data
service data, such as RLP, and variable-rate data, such as voice. This is one

implementation of step 440 of FIG. 4. In this implementation, voice is multiplexed with
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which gives RLP (data ser\,/ice) priority over voice (variable-rate: data). The process
begins in decision block 610. Recall that step 440 occurred subsequent to the
determination that RLP data was available for transmission. Recall also that a voice call
is active, so a vocoder frame is produced during each multiplex sublayer module 340
output frame. If the vocoder data is full rate, proceed to step 620 to send the vocoder
frame. Then proceed to step 630 to dim the vocoder to half-rate. Proceed to step 610 to
test the vocoder data rate. In certain implementations, there may be a delay between the
issuance of a dim command and the subsequent reduction of data rate. In such a case,
the vocoder rate may still be full and the process may return to step 620 to send the
vocoder data. Then proceed to step 630 to send another dim command. This is useful if
the RLP data is likely to take more than one frame (as each dim command in the
exemplary embodiment dims the vocoder for one frame — multiple dim commands
produce multiple dimmed frames). In an alternate embodiment, a second dim command
will not be issued if the RLP data has not been sent and the first dim command has been
queued. In either alternative, in decision block 610, if the vocoder rate is less than full

rate (whether naturally occurring due to voice activity or in response to a dim



when the voice activity is high, data service may not be established, or
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a typical voice call about 30% of the frames are full rate and about 60% of the frames

are eighth rate. Thus, RLP frames usually have a high probability of getting through
without being given special consideration over voice. Only in situations where the
vocoder generates an unusually large percentage of full rate frames (high voice activity
or loud background noise, for example), is the multiplex sublayer module 340 required

to make room for the RLP frames.

[0049] FIG. 7 is a flowchart of an alternate embodiment of arbitration step 440
which balances voice and data by giving only a subset of RLP (data service) frames
priority over voice (variable-rate data). Certain RLP frames, such as control frames
needed to maintain the data connection, are categorized as higher priority. Other RLP
frames are designated as lower priority. The process begins in decision block 710. If
the RLP data is higher priority, proceed to step 720 and dim the vocoder if necessary.
The vocoder may not need to be dimmed if it is already at less than full rate and the
RLP frame fits within the vocoder data. If the vocoder is at full rate, or if multiple
frames will be needed for the RLP data, then the vocoder should be dimmed for the

appropriate number of frames. Proceed to step 730, where, at the next available frame,



unnecessary reduction in vocoder rate. This alternative may be useful when
RLP data tends to cone in bursts of nultiple franes (and hence the dim
command wblosbekes y be wuseful regardless of the current sCcatsoni2she
vocoder rate). [0048] In the enbodinent of FIG 6, and the alternatives
described, RLP data is given priority dver voi ce, since voice is dinmed
whenever RLP data is present. This nay have negative inpact on voice

qual i ty i n tbeRLRidataovillchempultipteasd withrtbe voduider data ftheire hayele s delhy iftthgpdian of

RLP data with e |, i rtance and . reduce th Xi Mum. vpco rate
bet or o everoPubiiaer FEiiRRyEs Fam REfimecolfiandtS, F fn 8ot BREEF NG B o
In a typi GalP ¥&h &endtRligher Eﬁ@mty, afopedcetd & §tgﬁm ard ®aftybd the ab& Aaiaabout
60% of the franmes are eighth rate. Thus, RLP franes usually have a high

pr obabi | i t yfragte. g¥le dimgommandonill he issusdt anskihagoifievdate wikapbe Ewied-dOneg i on
over voice., (B} ¥ da @Eﬁ?&f—tg%ﬁ’ftw{h% ‘EC%S%&%SQOIH generates an unusually

| ar ge percentage o rares i g I'ce activity or |oud

backgr ound ise, for.ex I i g the nultinplex sublayer dul 4
required t[@&wjke rom%? gﬂﬁt ﬁéﬁ ﬁ@of%%sf.’mr’gﬁsﬂ@] e %9: iggglggfﬁ{jép%é?t of
an alter nattﬁroﬁg}bfédémaﬂﬁn%ftin%mﬁﬁrﬁisbﬂ ﬁﬁgﬁpfuﬂékﬁte Vétoabr bﬂb.arN@té gy et and
data by giving only a subset of RLP ata service frarre‘sébﬁl%;l ority over

voi ce (var ivapeder datads @gt Eyowreut asivitl e desgribed withamspest &) o ¥0ies
needed to i AL ad ; n .00, .ar.e.cateqor | i Lority.
Gher RLp piyas tedlsBadRh AR RELERD, o i BUFRTSSARIN MRelyHIRBI 1PT |
deci si on blgeaingRIOP dhth oult,deRbRheldtlay ibstweeghe djn icomniand gndabie sgbstqueat ep

720 and dimthe vocoder if necessary. The vocoder nay not need to he

di mred if iretejredugtipp, Rpr gertain RLE frapes. pqtablythe gypc apd Syrg Aok framess thig
wthin the i Ofrhifi i.ple
ramee wii106R0 16 ShackBible fbr O BUURLOUFEorhuBie olthd ufPlffay. 2 s FHBGAAL .
for the abecape RiPehrmumghput will Her mdesd iPtheceend trip dtlep calG@atiathisrteo lag. t he

next avail apl e fran&, VWO 0 /0%;%)75 FCT/ US03/ 12934 13 the RLP data.will be
mul ti pl exed WPEHIPRE 209 Eo FAH P UENAL B AR) TRETTEre it YOI°F CORBBICAOTSo mand
t akes ef f eqfyr HhaAMREViliE RIBVENSE delviBe @bt ik BRARBSEDIe th the thbbifteGitionRed! ock 710,
the RLP data is not higher priority, then proceed to step 730 and wait for

e "eE YD, TS MR QTR ol U B e By

process st oysch balances voice and data by further prioritizing RLP (data service) frames,
allowing certain RLP frames to preempt voice (variable-rate data), thus reducing latency
for that class of RLP frames. The process starts in step 810, in which the data service
control frames are categorized according to priority. Note that control frames are an
exemplary class of frames for categorization, any data service frames can be given any
priority desired (in the exemplary embodiment, the bulk of data is transmitted on the
supplemental channel). In the exemplary embodiment, there are three categorizations:
high, medium, and low. Table 1 describes some RLP frames, their usage, frequency,
rate, and an exemplary priority ranking. Such a ranking could be devised in step 810.
Myriad other combinations are also contemplated. Note that step 810 is shown as part
of the flowchart for clarity, but is not part of arbitration step 440. The categorization
may need to be performed once during the design phase of a mobile station 106. Steps

820 — 870 can be substituted for arbitration step 440 to perform arbitration according to

the prioritization developed in step 810. Proceed to step 820.
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[0052]

data rate is less than full.

In step 820, data control frames are sent immediately when the variable

In an alternative embodiment, data control frames are sent

immediately when the variable data rate is low enough to allow the entire control frame

to be sent in one multiplexed frame. (The process can terminate when this is the case,

not shown.) Proceed to decision block 830. If the data service control frame is high

priority, proceed to step 840.

In step 840, send the control frame immediately. The

variable-rate data is thrown out. In addition, in step 840, if more than one high priority

frame will be sent consecutively, a dim command can be issued such that subsequent

variable-rate data need not be thrown out, but at least partial rate data will go out in the

next frame. The process stops once the high priority data is sent.



Ack Frames re-synchronize the link. Also used to calculate RTT (m ninmum
delay allowed in sending these frames). NAK Franes To informthe base
Dependentwon3@gA7s 1/ 2 Medium station of m ssing data ForearusoFi9e+ Rate
(FER) Idle Franmes To keep the link alive_Inplenentation 1/8 Low dependent
(Exanpl e: sent once every 6 franmes when’there are no data to send) Fil
Franes To maintain |Inplenentation 1/8 Low synchronization wth dependent
t he base st@53dn ( Exdnph eecisivneblody 830, tBO ditazneptrol frhma wisenat hagle prioritydat a

to send) Re- To,ressend the gLsSS| endent. on FER Vari abl e Ver W,
tranem 1t rPArd gL biork B0 e R PR s I osie o et T
station wheppReBCH k&p 88N vakiabledhte | dataSE@Pe @R 1ple, @5 dBscFBEd BBdvel WilieS
are sent immedi ately when the variable data rate is less than full. In an

al t er nat i veesppiodifiest 6 andt B andnpreededitoaiaps8d elnsatap 870 nthedioatrel frampdh t he
vari abl e d%uqltilrpfeltxgﬁi Iev)%éhlj V%r g%@ﬁ%’f#g d%{al intﬁehﬁex% n:% al[lgblg Cf?&nrleo Iam].(i rs?ﬁql? S F?)P be

sent in one mnu rocess can term nate when s the

case, not nsdiQ pHoRtyOEGRED] tTEanGka( tifked fhalp| beck d8I30.frdrh thddingl @bmns@d tb GRe
control frame is high ) i
time space iS avilaable in a variable-rate data frame. The process stops once the

medium priority data is sent.

[0054] If, in decision block 850, the data service control frame was not medium
priority, then it is low priority. Without dimming, proceed to step 870 and wait for the
next available space, as just described. Once the low priority data is sent, the process

stops.

[0055] In the exemplary embodiment, in a cdma2000 system, the technique
shown in FIG. 8 allows RLP data to be sent out immediately when the vocoder frame
rate is less than full. When the vocoder data frame rate is full, RLP frames categorized
as high priority are sent out immediately, throwing away the vocoder data. Thus, delay
sensitive RLP frames like Sync/Sync Ack are given higher priority than voice frames.
Since Sync/Sync Ack frames will arrive consecutively, once one is received, the
multiplex sublayer module 340 can dim tt\xe vocoder rate to half for the next frame (as
described in step 840 above). Alternatively, if the dim command is not given, the
subsequent high priority data will simply preempt the vocoder data and it will be thrown

out.

[0056] Medium priority frames will be sent out with a certain maximum delay
by reducing the vocoder rate with the dim commands. For example, NAK frames will
be sent out typically with a 2 to 3 frame delay (when the vocoder rate is consistently

full).

[0057] Low priority frames are sent out only when the vocoder frame rate drops
below full. Therefore, for example, idle, fill, and re-transmitted data frames are sent out

only when they fit into unused space by the voice data.

[0058] Those of skill in the art will recognize that the flowchart of FIG. 8 is a
generalized method that contains portions of methods described with respect to FIGS. 5

— 7. By removing steps 830 — 860 and proceeding from step 820 to 870, the voice



priority, proceed to step 840. In step 840, send the control frame

I mredi ately. The variable-rate data is thrown out. In addition, in step
840, if mwoe3pmam one high priority franme will be sent censasotyiwaly, a

di m command can be issued such that sub gquent vari abl e-rate data need not
be thrown out, but at |east partial rati data will go out in the next
frame. The process stops once the high priority data is sent. WD 03/092175
PCT/ US03/ 1284ty thethpd@B3IGL 6,is igenetated.s iByrretsloyuig 896, 830he 80daed praseeding f r ane
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priority data 1s’sent, e process’ stop I'nt enpl ary

enbodi nent withn aaheedniz2610 Oatsgmizatipn.t haddidomli lgueds ofhcategorizatidnGear8 adsol bevs RLP
data to be sent 8u% I nedi at el y.when. the voc ?%I‘ fr ra(ti.e 1.5 less than
full. When SEPROTGEc S8 FXRRIS: ¢ YaAPle c?rgm'am? tha AU ERIBG &Y LY as
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Thus, delay sensitive RLP franmes |ike Sync/Sync Ack are given higher
priority tiaus alloming forsadditionalSprierity Syassifisgtinns/efldaty sereise framesarfhese and
consecutive ange, ne I.s,teceived. . t | .plcex..sub. r 340 can
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above). Al tigs kapd yfethy prdsénttiitentiol) command is not given, the subsequent
high priority data wll sinply preenpt the vocoder data and it wll be

thrown oufgod99056] Mgl UiRaPihOFbrkYoihf AIRBssibh IhabQuse@the Qiknaldl tdddés aed t ai n
maxi nrum del'ay ~by reducing the vocoder rate with the di m commands. For
exanpl e, Nprraimetore defimed| in the cdma2000 standard as some of the exemplary signals, codes
and parameters. This is for clarity of discussion only, and should not be construed to
limit the scope of the present invention to cdma2000 systems. The principles of the
present invention apply to any conceivable system in which variable-rate data is to be
multiplexed with data with different characteristics (including but not limited to varying

latency requirements), as described above. Those skilled in the art will recognize how

to adapt the various embodiments described for use with such alternate systems.

[0060] It should be noted that in all the embodiments described above, method

steps can be interchanged without departing from the scope of the invention.

[0061] Those of skill in the art will understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.

[0062] Those of skill will further appreciate that the various illustrative logical

blocks, modules, circuits, and algorithm steps described in connection with the



be sent out typically with a 2 to 3 frane delay (when the vocoder rate is
consistently full). [0057] Low priority franes are sent out only when the

vocoder fwerm/osAar® drops below full. Therefore, for exanpiceusosti®34fill,
and re-transmtted data franes are sent _out only when they fit into unused
space by the voice data. [0058] Those of7skill in the art will recogni ze

that the flowhart of FIG 8 is a generalized nethod that contains
portions ofmbedimeds diedosedbwdeinimdy be spplemenedRisGectionic- hadwyg, cemputeng

steps 830 - 860 and proceedi ng . from step,820 to 870, .the voice .03/ 092175
PCT! Uso3/ 1398401 8 SBTBITEghat HEth of [e ey [IBsGaRahin Qeh RO R
steps 830 ha@RArai RSBFHENAdus IINRFEIERpshehR, BIRRs, dRCHuldsheirddifs, fid ority
method of FIG 6 is generated. By renoving steps 830-840 and proceedi ng
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| evel s of categorization can also be supported. For exanple, a variable
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allow for nore or | ess available space in future franmes, thus allow ng for
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how . .
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.

[0064] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium

may reside as discrete components in a user terminal.



to adapt the various enbodi nents described for use with such alternate
systens. [0060] It should be noted that in all the enbodi nents descri bed
above, nmewbedosmtreps can be interchanged wi t hout departi n@cfrrusns/i2es4 scope
of the invention. [0061] Those of skill n the art will understand that
information and signals may be represeﬁ%ed using any of a variety of
different technol ogi es and techni ques. For exanple, data, instructions,
commands, i[A0&]nmat i orThesprgnimls dessiripion ©f rtho idsscloaed] embbgisentshist proeiged ¢o
referenced thr.oughout the.abpve description may be represented by, .

Vol tages. GOAEIY Pern T ORISR B et S PE S RE 0 bR Ao
optical fi ehélifi€itionP@s tHe§d Bmbo@meARYWwiHHBEYeAdElY &fpatdhei® Hose kAR ]n theqse of
skill will further appreciate that the various illustrative |ogical

bl ocks, nodutéke geerie prineiplessgfingdylnreiningysbepppligd e pthse ambpadiswntserithah wi t h
the WD 03/0Q 5 R S03/ 1293 di t sidi sgl osed rein y. be

i npl enment ec?% és 1§ 5{:%(% ('t)llhel Scl!"%ta(?rdé/\%é)}?%,gf g‘%bn‘%&%"g’% i :lgﬁsmg‘re (—:Brgsgp pglgn%tllor?glt% iné)lril)s of
both. To cligended tolbeUiited!to thiderabddithents btasvgreRditini buy isotb belaacstded de avidest
software, various illustrative conmponents, blocks, nodules, circuits, and
st eps have SBeRSrFoRgistent Wil thepsinsiniesradaorel feafutes disglosed hesginy f unctionality.
Whet her such functionality is inplenmented as hardware or software depends
upon the particular application and design constraints inposed on the
overall system Skilled artisans may inplenent the described functionality
in varying ways for each particular application, but such inplenentation
deci sions should not be interpreted as causing a departure from the scope
of the present invention. [0063] The various illustrative |ogical blocks,
nmodul es, and circuits described in connection with the enbodi ments

di scl osed herein may be inplenmented or perfornmed wth a general purpose
processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programable gate array (FPGA) or other
programuabl e | ogi c device, discrete gate or transistor logic, discrete
hardware conponents, or any conbination thereof designed to performthe
functions described herein. A general purpose processor may be a

m croprocessor, but in the alternative, the processor nay be any
conventional processor, controller, mcrocontroller, or state machine. A
processor may al so be inplenented as a conbinati on of conputing



devices, e.g., a conbination of a DSP and a m croprocessor, a plurality of
M Ccr opr ocessors, one or nobre mcroprocessors in conjunction with a DSP
core, or wow3domiher such configuration. [0064] The steps eCTtalsn®izesd or

al gorithm described in connection with the enbodinents disclosed herein
may be enbodied directly in hardware, ih?a software nodul e execut ed by a
processor, or in a conbination of the two. A software nodule may reside in
RAM nenory, flash nenory, ROM nenory,CERRAS nmenory, EEPROM nmenory,

regi sters, hard disk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. An exenplary storage nediumis coupled to

t he processor sughaAthE OLAREEPOIS: can read information from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral to the processor. The processor and the storage medi um nmay
reside in an ASIC. TQ,g ASI C ma% reside in a user termnal. In the
alternative, thé' pro LARpATAS él%lsr\g(')rage medi um may reside as discrete

conponents in aausdtipleRsGblafdr- modRIOBE Q2 iy Phrst Untiblel288data d@ednPabd The
previ ous description of the disclosed enbodinents is provided to enable
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appl i ed t o netkkesors fitncdportion sf thietsbannt] datiespaamiinmthefthoddbtastreggnr it or scope of

t he invention. Thus, the present invention is not intended to be limted
to the enbodi nents shown herein but is to be accorded the w dest scope

consi stent w thothe ahnehRhRS oPOHiN 2V RherbRahsBRS cothmah®Renbiatal n. WO
03/ 092175 PCT/ US03/ 12934 19 CLAIMS WHAT IS CLAIMED IS: I, An appar at us

conpr i si ng:whenengr thepfirsivagsiableampter datstrelam i ot fullaaieianid dgtadrdm thet segend ddtd e- r at e
data streamand.a _.sec nq data stream formng a third data streamfromthe
first and gkﬁadﬂéf ‘ﬁ%{ﬁggg?rrléagﬁgssmghd generating a dimcommand to reduce the
rate of the first variable-rate data streamto

3. The apparatus of claim 1, wherein:

the second data stream comprises higher and lower priority data; and

the dim command is generated whenever the first variable-rate data stream is at
full rate and higher priority data from the second data stream is waiting for

transmission.

4. The apparatus of claim 1, wherein:

the second data stream comprises higher and lower priority data;

variable-rate data is discarded when higher priority data from the second data
stream is waiting for transmission and there is not space in the third data stream,
allowing for immediate transmission of the higher priority data; and

the dim command is generated whenever the first variable-rate data stream is at

full rate and lower priority data from the second data stream is waiting for transmission.

5. The apparatus of claim 1, wherein:

the second data stream comprises higher and lower priority data;

variable-rate data is discarded when higher priority data from the second data
stream is waiting for transmission and there is not space in the third data stream,

allowing for immediate transmission of the higher priority data; and



make room for a portion of the second data streamin the third data stream
2. The apparatus of claim1, wherein the dimcomrand is generated whenever
t he firstwoasihghbi®e-rate data streamis at full rate and data/uSrmIshe
second data streamis waiting for tran%n' ssion. 3. The apparatus of claim
1, wherein: the second data stream conpftses higher and lower priority
data; and the dimcommand is generated whenever the first variable-rate
data streamis &werfpuiokity deta framdthbiseposd dptaistreimh waitdfoasgaceom thh ¢hiskdadmd dat a
streamis waiting for, transm ssion. .4.. The a ratus of claim1, wherein:
*he  second SR Neacr BRI F SR8 gt inthe v ROTES-FiF ok prgiiac o

vari able-rate data is di scarded when higher priority data fromthe second
data streamis waiting for transm ssion and there is not space in the
third data stre&m  dhe eppargtus of clpimmbavhareint r ansni ssi on of the hi gher
priority data,; d the dim i n 1en [ fiiLr
vari abl e-rate dgl%as eé nrde{'fiiartrall ?tge%?% %?%rfsf%s ?ag? ggtgé\ﬁgﬁeghd@P?%rg? 8%15 §/e ‘8&‘?%% romthe
second dat agristiyeam is waiting for transm ssion. 5. The apparatus of claim
1, wherein: the second data stream conprises higher and |ower priority

data; vari abl eYpaghle-gie datpds discapdadaueniigh PO latafrerp the secopt datd r om t he
second dat N it for M. SS I space in
the third daeah SEPALhE ot hbitalbhan URRSRSE AR, A MIRL A Srtfh PR her
priority datleyingrfor MEnEBAO ddhsthisHGH bfUBe i gie@Betity détal ower priority data from

t he second data streamwait, for space in the third data streamin

accor dance wi t n% GRS BHFTRRC thgneysF Mariia. Yaurbiedaie S ERmY 8 The
appar at us @fj] fakPdnd rhediWSrRIry ddth ErofPthe BekodaldataSte AR @_ﬁfmf@'f&es data
categorized into three or nore levels of priority; variable-rate data is
di scar ded Wwhesmibsigitapd i ority data fromthe second data streamis waiting
for transm ssiop and there is.not .space.ip t thir ata stre al I owi ng
for i mediace ¢ Fanaired i mg PR brRRGHE Roitfs tihG ol tedh LR B

space in the third data stream in accordance with a rate reduction in the variable-rate

data stream.

7. The apparatus of claim 1, further comprising a variable-rate data source.

8. The apparatus of claim 1, wherein the variable-rate data source is a
vocoder.

9. The apparatus of claim 1, wherein the variable-rate data source is a video
encoder.

10.  The apparatus of claim 1, further comprising a data service module.

11. The apparatus of claim 6, wherein the data service module is an RLP
controller.

12. The apparatus of claim 6, wherein the high priority data category

comprises Sync frames.



the dimcommand i s generated whenever the first variable-rate data stream
is at full rate and nmediumpriority data fromthe second data streamis
wai ti ng fwoo3pyAnsm ssion;and | ow priority and nmedi um pri @Crtugosisaa4 f r om
the second data streamwait for space in the third data streamin
accordance with a rate reduction in theZbariable-rate data stream 7. The
apparatus of claiml1, further conprising a variable-rate data source. 8.
The appar at us ofl3cl aiTime hppashtes ef clainn6, whereinlthe hightpeiodisy dats categreyi s a
vocoder. 9. The a ar?{#sf of claim1l, wherein the variable-rate data source
is a video ““HREFdeNC 1§ AR Sapparat us of claim 1, further conprising a

data service nodyl e. ThiLppath@s 8POaMRLUWh&@EinGhehi¥ufim PREHGIdAtt AR gHAL 2 _
service nodule is an RLP controller. 12. The apparatus 0f claim6, wherein

t he hi gh prompiises NiaAKdSramesegory conprises Sync frames. WO 03/092175
PCT/ US03/ 12934 21 13. The apparatus of claim®6, wherein the high priority
data category conprises Sync Ack frames. 14. The apparatus of claim®6,

wherein the medilgm prihehappatatdabiclanmh 69WheteinGRETOW FE6ri At datsges. 15. The
apparatus of claim6, wherein the low priority data category conprises

i dl e franesompgsesTale feaniear at us of claim 6, wherein the low priority data
category conprises fill frames. 17. The apparatus of claim®6, wherein the
|l ow priority data category conprises re-transnmtted data frames. 18. A
met hod of nul ti gbexi Mheappantuabf daimabewhlatia the fosapniovityhlas caegond dat a
stream conpri si ng q]a%a categorized as high, nediumor low priority, the
met hod coifpFPEseidill frames.

17.  The apparatus of claim 6, wherein the low priority data category

comprises re-transmitted data frames.

18. A method of multiplexing a variable-rate data stream with a second data
stream comprising data categorized as high, medium or low priority, the method
comprising:

sending high priority data from the second stream immediately, discarding the
variable-rate data if its rate is too high to accommodate the high priority data;

issuing a dim command to reduce the rate of the variable-rate data if its rate is
too high to accommodate the medium priority data; and

waiting for the next available opportunity to transmit medium or low priority

data in accordance with the rate of the variable-rate data.

19. An apparatus, operable with a variable-rate data stream and a second data
stream comprising data categorized as high, medium or low priority, the apparatus
comprising:

means for sending high priority data from the second stream immediately,
discarding the variable-rate data if its rate is too high to accommodate the high priority
data;

means for issuing a dim command to reduce the rate of the variable-rate data if

its rate is too high to accommodate the medium priority data; and



sending high priority data fromthe second streamimedi ately, discarding
the variable-rate data if its rate is too high to accommodate the high
priority wetia091gsui ng a di m conmand to reduce the rate ofPCrhis03/12934
variable-rate data if its rate is too high to accombdate the nmedi um
priority data; and waiting for the next 24vai | abl e opportunity to transmt
mediumor low priority data in accordance with the rate of the

vari abl e-r at e dateans k@ waltmgafop theateu s avadplele @ppertwii tylto dransmit afElderm at wdat a
stream and a second. data . stream.conpri.si ng .data cat egori zed as hi gh,

medi um or PBJPr abarintaﬁo‘idﬁ'écea‘lﬁ'%gblﬁfgtg&%ﬁ%ﬁa@leﬁ@@ ns for sending high
priority data fromthe second streamimredi ately, discarding the

vari able-rate data if its rate is too high to acconmodate the high priority
data; nmeans for issuing a dimcommand to reduce the rate of the

vari able-rate data if its rate is too high to accommodate the nedi um
priority data; and WO 03/092175 PCT/ US03/12934 22 means for waiting for

t he next avail able opportunity to transmt nediumor low priority data in
accordance with the rate of the variable-rate data.



