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DETERM NI NgyvéhoRdvkés RATE | N A H GH RATE PACKET DATA W RELE FI @QIS
SYSTEM 5 FI ELD The present invention relates to wireless data conmmuni cati on.
More particularly, the present invention relates to a novel and inproved
met hod and apparatus 10 for hi gh speed paéket data and | ow del ay data
transm ssions in a wreless comunication system BACKGROUND 15 I ncreasing
demand for wgr g LSS} t ' f r v

avai 1abl o vi METAOOAR APPERA TS R DEAERMININ G A BATA B AT R

of specific data ser INGAHIGIH RATE PACKET PAEASWIRELESS Hi gh Data
Rate (HDR). An exenplary H WUNEC?‘TI iwn "TL80-54421-1 HDR
Air Interface Specificati on"@ore erre 0 a?Nﬁ ﬁmlvslpeci fication." HDR
generally provides an efficient nethod of 20 transmtting packets of data in
a wirelesg communication systemA difficulty arises in applications
requiring both voice and packet data sem}ﬁﬁs. Voi ce systens are considered
| ow del ay data systens, as the voice co cations are interactive and
therefore processed in real-tine. Oher |ow delay data systens include
video, nulti- nmedTRe pRstnP! HREntdd?! refatdd® t@a{vﬁeﬁysﬂ%-cdﬂ%ﬁ}fﬁ&m Mre Ot
desi gned for voice 25 comuni cations but rather are designed to optim ze

dat a transni patiwiarly,dbe priesenbinyention mldtestoiamoxel anbdimproed methodanlapparatisr ough
t he vari gus bil e users, sendi data to nly, one nobj le user at .a.tinme.
The circtlf at F{%nlhf@t cé’@sslﬁeél ﬂé}gi ﬁ’[‘%a]toﬂ"e CF? ngﬂ?as%a&ﬂmsﬁﬁo%e@s.a imlesgel ay
i's tol erabl ecdifnuflidhtor systemM Ssion, as the information is not used in

real -tinme. In contrast, 'the circulation delay is not acceptable for voice
conmmuni cations. 30 There is a need for a conbination systemfor transmtting
hi gh speed packet data information ] ow del ay data, such as voice
I nformation. There is a further neﬂm@mod of determ ning the data
rate for high packet data rate information in such a conbination system 35

2 5 APR 2905 Increasing demand for wireless data transmission and the expansion of services
available via wireless communication technology has led to the development of specific
data services. One such service is referred to as High Data Rate (HDR). An exemplary
HDR type system is proposed in "TL80-54421-1 HDR Air Interface Specification"
referred to as "the HAI specification.” HDR generally provides an efficient method of

20  transmitting packets of data in a wireless communication system. A difficulty arises in

applications requiring both voice and packet data services. Voice systems are
considered low delay data systems, as the voice communications are interactive and
therefore processed in real-time. Other low delay data systems include video, multi-
media, and other real-time data systems. HDR systems are not designed for voice
25 communications but rather are designed to optimize data transmissions, as the base
station in an HDR system circulates through the various mobile users, sending data to
only one mobile user at a time. The circulation introduces delay into the transmission
process. Such delay is tolerable for data transmission, as the information is not used in
real-time. In contrast, the circulation delay is not acceptable for voice communications.
30 There is a need for a combination system for transmitting high speed packet data
information along with low delay data, such as voice information. There is a further
need for a method of determining the data rate for high packet data rate information in

such a combination system.
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WO 02/ 47408 PCTI USOV50895 2 SUMVARY The di scl osed enbodi nents provi z; @’R 2005
movel and inproved nethod for high packet data rate and | ow del ay t
transm ssi OMOON4Z08M r el ess communi cation system 5 In one epiyogioiRides a base
station in a wireless comunication systemfirst sets up |ow delay data,
effectively as high priority, and then schedul es packet data services
according to the avail able power after satisfying the | ow delay data. The
packet data service transmts the packet data to one nobile user at a tine.
Al ternate enbodi nents may provi de paSKMMARY to nultiple nobile users at a
time, dividing the avail able power 10 anong the nultiple users. At a given
time, one user is selected as a target recipient based on the quality of
the channel. The Tasdisslostd embddibentsi provide 4 abvél id inkitove@ iretfdderor REYET 1O

the pilot channel ,power a rovides the ratioq to the 'sel ected nobil e user.
The 'ratio i Backehdats el el g’é‘P felay datafransmission in [aowirelesstaogymunicativn Bystemt i o.
The nobi Il UREs lmdfl‘h b QeatiQ € ata rate and.sends that

i nf ormati on bac ¢ tot e'i;}ﬁ'ai{slzéﬂsatg %nﬁgﬁh%%ﬁg%%%%%%Wﬁ?m gsag%%ﬂ)é‘f ation
provi des a "@landatisteffeotivily ais” hight prority and BhE schédufest fadkBe dRDkérickser |

%
wherein the ratio consi der, he broadcast power, i.e., the total available
transm ssion mo‘iletal‘f%‘fqufs@‘g?ra Falisiying ke faw delay dosier  The packet; data

power porti ogr@te trhisnf ARURS L Ot A L] e bile
user determ neg‘= a_nor fr!riaotlﬁ‘igg’g‘:}tﬂtolata rgggﬁ{égﬁ?gaéﬁre}gﬁ%%mﬁ‘ e&gﬂb@ﬁ?ﬁn,
wher ei n t he 1Y pravirsl pagkat datatta muiiple nsobéle sers i oimeyfdividmpgBhdavailable power! | zed
dat a ratgy i szgg&g t 0 ‘tﬂr&e baseaﬁfat l.on and a deci sion mage as to the.
appropriate g mpultiple NSELS, Af A giVenlmE, Orgnuser & selactedsasnd target mapienbi | e
user. | n an easedph tie Iﬁmgqgfitﬁ@eai . PB{eaké 'lg&iédﬂi’ﬂa' s ' : to
provide the T/P rat im() infornatiaggatgﬂ{he rr%%'li?e user. %hqgﬂggmef‘%’ﬁﬂ°

si gnal i ng cheeweito theypilob chanpel pewes andproides thegatio todha seleatedmobileuset.r Theiency,

or by any of &l @f ornogenerati se te annel .

Accor di ng tomgﬂ\éﬁggr err%oa&[{ﬁn%ﬁ%%g({'wg q’g?gmgmﬂpgiﬁcméﬁfﬂéefd?&%et
data traf fithecitirtoehlculatecs dritnratd andideRds Bibl i9formalitlcbacl ¢6 e bakd\@tatigader of a
packet af. dat a, I S 0 idedﬁ&?g}’%nuousl y along with the packet data. 30

Al ternat®e enbodi ngnt® te nBaleE; Preides @ “BypadsestiterdilotgratiosaR of
TELric IS prou dege o oot fuif, W i Rl hlet MR Wbeaentl SR 1 2e i
mobi | e user Yot eilable trapansissions powsr, adf the basd etatio andl ehe pilonpowetaia., ithé e. WO
02747408 power portion of the broadcast power used for the pilot channel. The mobile user
determines a normalized data rate to request from the base station, wherein the
20  normalized data rate is a function of the B/P. The normalized data rate is sent to the
base station and a decision made as to the appropriate data rate. The data rate selection
is then sent to the mobile user.
In an exemplary embodiment, a paralle] signaling channel is used to provide the
T/P ratio information to the mobile user. The parallel signaling channel may be
25  implemented using a separate carrier frequency, or by any of a variety of methods for
generating a separate channel.
According to another embodiment, the T/P ratio is provided via the packet data
traffic channel, wherein the T/P ratio is included in the header of a packet of data, or is
provided continuously along with the packet data.
30 Alternate embodiments may implement another metric for estimating a SNR of
the traffic channel based on the SNR of the pilot channel, wherein the metric is provided
to the mobile user for determination of a data rate. The mobile user requests
transmissions at or below the determined data rate.




3 25 APR 2005 Pcr/US01/50895 In one aspect a wireless comuni catj' glsz 2005
apparatus ivagbysaes a first processor operative to receive ﬂ"fé"%‘ﬁ}’%
indicator, the first indicator corresponding to avail abl e packe at a
transm ssion power; and a correlation unif operative to determ ne a packet
data transmission rate indicator as a function of the first indicator and a
received pilot signal 5 strength. In another aspect, in a wreless

comuni cati on sys Yife 1At f NSt tih cket data and
| ow del ay data, t géﬂgy%P%rtnﬁhav?ér%ga“ﬁ'f"c lggﬁgvag‘&)@b#gn?ﬁ% t LPD'%:&%F . a

net hod i ncl uopesativetta pédeivei afirsindicatas theofivet ihmmbm‘es?aﬂmugmmbm usi ng
a first power, determ.ning avail able_ packet data traffic power as a function

of the total &%UWEPF%%‘F BOWETa At} ¢orfsiAtion unk @peative fo datermingss packesidetani ni ng a
packet data frilseilRRelididickidf afd finkGOH oF HERKP IndiBld Ah 3 HLdFielBBl igddl St1!!

anot her aspect, a w reless comruni catlon apparatus 1
processorS ogtemgthi ve to receive a first indicator, the first indicator
corresponding to ratio of available traffjc-to-pilot_signal strength; a
measur enent unit ﬁ‘p"é’r"é‘ﬁr\?@‘-’% Ip @ s gorgmupication systaR the, pysteae oparati vecfon
pi | ot signal l3@in ' ' | ' [ pl.ed to
t he measur errg%rg uni ?%g?}%&?ﬁlg%ﬁ?%\?ﬂ%?%g@ggggkyst eﬁmg?@n%g%ele %%é%l'?i ve
to adj ust t hpowsrgaaiethesl inciudes establishitgy attlbast bhe baw deldy cameanmicatiérolink asihg af fi ¢
signal -to-noige, ratio: and.a cor. ation unit operative to recejive th
traffic si gnﬁﬁ‘é’PWBst&‘%ralmgmfagﬁM%dﬁ@ t5afH3 pover 4t & netion of Riedotal
{ ransm SE) ONavadhIBRakmiERRcia: A G i govker DRRMIcRg ol dafatiive WAPGA S,

an econe

and advant ages of the presently disclosed et ho apparatus w
nor e appar enthefvalablepacketdata tsaffigpewen pti on set forth bel ow when 25 taken in

conjunction L ' Jp which like reference,characters identify
cor r espondi ng‘: Jy“ht"hpg‘&g%@gﬁﬂk\?&#& Uy lignafp Jpclides a HIst BIPGESSOT 4i agr am
form one enboptirativeito péceivetd firist iddicatoRaliecfirs ildidRor BoREsPOAtinPAd £1266 Df

communi cation syste FIG,2 illustrates a state di agram describing
operation of 3%Hap} tospilof 104l strengthy ameasurgment ugitopergtive ireesivers pjlatphi cal

communi o i oaPes e e Bhmifl o i SRRt AP ot ATIPL Y RuftiuldRole T B0
recei ved by eoupledrtothe easusemeddDBnit and the first processor, the summation node operative

to adjust the signal-to-noise ratio by' the first indicator to form a traffic signal-to-noise

ratio; and a correlation unit operative to receive the traffic signal-to-noise ratio and

determine an associated data rate for transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the presently disclosed method and
apparatus will become more apparent from the detailed description set forth below when
25 taken in conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:
FIG. 1 illustrates in block diagram form one embodiment of a High Data Rate
(HDR) protocol Wlws communication system;
FIG. 2 illustrates a state diagram describing operation of an HDR system as in
30 FIG. 1;
FIG. 3 illustrates in graphical form usage patterns for multiple packet data users
within an HDR wireless communication system as in FIG.];
FIG. 4 illustrates in graphical form power received by a user within an HDR
wireless communication system as in FIG.1;



Wi rel ess communi cation systemas in FIG1; 2 5 APR 2005 WO 02/4740§ 5 APR 7005
PCT/ USOL/ 50895 4 FIG 5 illustrates in block diagramforman HDR wirel ess
comuni cat W0 02888 em i ncl udi ng | ow del ay data users accor dp@fubsl/HedR

enbodinment; FIG 6-8 illustrate in graphical form power received by users in
HDR wirel ess comruni cati on systens accorQi ng to various enbodinents; 5 FIG
9 illustrates in block diagramforma portion of a receiver in an HDR

Wi rel ess conmuni cati on system according to one enbodi nent; FIG 10

illustrates in fl @GdisagnsmacoiiodkEhid el oLy rlgﬁécjlr L‘E"'"ﬁ%‘g@?%"'ﬁg ?o

W rel ess comuni cation system i npl ementPng a Signalfng
one enbodi neystemanaiudiog layidata isess acebming to ohk @mbddiagsnym f or m net hods for

ggtcg:gni Eén?oaoﬁgt mgﬁ_%dbﬁ% transEEsBas]%n [ np%rvvl rel ess comunicati 'OnlesssySt em
EVMBCDI MENTS  Eam#hlinictioh systenth@iebbraftetto b aribubbnfibaithedli;o rate packet data

services and | ow del ag,_ vol ce typ€ services I n one system this is a

di fficul t3task dudl@o9tiHustestegrinfblock iliagrinh ffame mcpatibe tofee feceivet én 3INDRES
and data servyj. . opecificall voi ce,.services_have stringent and

pr edet er mi ne%@%ﬁ?‘ﬁ@ﬂﬁﬂc @WB‘F’&%&?WP"FW@‘%W&I | one-way delay of
speech franes nmusFIGE10 Bastrdtésan fFewOdi fol 3R %}&ey%} ﬁ-at}ﬁ a

del ay can 20 hecone a vari abl e paraneter Sgeg té(}h%%ﬁr zZe Jllé e H?ﬁé?agﬁtgy of
the data comWiFlesatcoBInUDiGatoR system impleentingt 4 signeling chirmeh atcdrding tgi onen
user will varp %i , and it is therefore possible to select the better
tinmes to transmt packets based on the channel condition. Another

di fferend@ bet weelIGol Icitiustraiestiatfiovs Glagiaaeformmicthy@Stor Btefiiiily £888 katOfor 25
voi ce servi c%s for .a fixed and common grade of service. (GOS)” for all users.

For exanpl e, SIOR ) & Wirelessqompunyeationsystem arearding tp pre cmbedimentu al |
transm ssion rate for all users having no delay greater than a maxi num
tolerable value for the frame error rate (FER) of the speech franes. In

contrast, for daDERALERDPESCREPTION OF THE PREFERRED EMBODIMENTSvary from
user to user. For data services, the GOS may be a paraneter 30 optim zed to
I ncrease the overall efficiency of the data comruni cation system The GOS

of a dat & comuni diledipisSdesirsble i&iex?gl%ﬁﬁ'ﬂighijﬁ' untt?%ﬁﬂ%ﬁ@*

incurred in the transfer of a pr termnéd a

referred to YO8 YRS SCqyirercin, oncesystero: ithis isi aydifificolintasklidueetoe thee sigeificamn
voi ce servi CoFrdites Blitesit VHibs Setvicts and data services. Specifically, voice services have
stringent and predetermined delay requirements. Typically, the overall one-way delay
of speech frames must be less than 100 msec. In contrast to voice, the data delay can
20 become a variable parameter used to optimize the efficiency of the data communication
system. As the condition of a channel to a given user will vary over time, and it is
therefore possible to select the better times to transmit packets based on the channel
condition.
Another difference between voice and data services involves the requirement of
25  voice services for a fixed and common grade of service. (GOS) for all users. For
example, in a digital system the GOS requires a fixed and equal transmission rate for all
users having no delay greater than a maximum tolerable value for the frame error rate
(FER) of the speech frames. In contrast, for data services, the GOS is not fixed, but
rather may vary from user to user. For data services, the GOS may be a parameter
30  optimized to increase the overall efficiency of the data communication system. The
GOS of a data communication system is typicaily defined as the total delay incurred in
the transfer of a predetermined amount of data hereinafter referred to as a data packet.
Yet another significant difference between voice services and data services is
that the former requires a reliable communication link which, in the exemplary CDMA




that the forner requires a reliable comunication |ink which, in t h25 APR 2005
exenpl ary GRyPyYWeus2/ 47408 5 2 5 APR 2005 PCT/ US01/ 50895 Wl%li %@*on
system is prov?@éd by soft handoff. Soft handoff results inre an ant
transm ssions fromtwo or nore base statiogns to inprove reliability.

However, this additional reliability is hot required for data transm ssion
because the data packets received in error can be retransmtted. For data
services, the transm.t power .used. 5s ort.sqQft handoff can be re
o116 ont Iy ceobmRaRtdn, SRR, if Fioyided oy sofnbens Sok mbaohessll T BovRRE and
other | ow detrasnfldichsCROMUNCE! RS base! RiAIHS iBtdve BRMRLGO THOVesl 18

e

typically use packet sw tched techniques rather than circurt sw tch
t echni ques f additionahgeliabtlityris 1phgeqiured fos dgtao trpmssinissior becanse thendatagmackets whi ch

control information is appended as head /or .tail. The conbination_ of
data and 10 ERRYPOM A HRDS SrPapieas s dRE Srvies, i gendt Boveedie e
through & sy&ippeit seft haSdbE CHl tRYBord efididtlyQRbe R randhitiiyadBitfial dgd ude | oss
of one or nultiple packets and/or one or nore portions of a packet. HDR and

ot her packet dat alnsGenteagisto yoite and pther dowe dglay datareommupicationse highedatp sk et s

as well as | .S LS o] plojt. the del tol erance of
packet data @ét%@%&sﬂgﬁém ﬁcﬁyﬁgrpgaﬁ#%sﬁglg@%o?c%ﬂe%ﬁ\ﬁ% t@ﬁ%r‘f’ﬁrg}lﬁ
cogdht:ogs. twitch&dd_ teohiniyies for h tﬁaﬁxh’ﬁsibguﬁ%ﬁgl&&}i@@ﬁoub@diﬂ%ﬁnﬂlf ltbattaey?hﬁﬁieh
schedul ed according to the quality of each of transmi ssion |ink. e
transmi ssi onSé®Y “%Q’r'mat&!}’dsl Wﬁ“ﬂcﬁ%ehﬁag‘é{ andiorstails Thet combynation of datp and
mul ti pl gggise ififorhifo ' i du Lk BafsnSRkd Mhrodsh ¢ gys@gﬂltiple
users rrgly no%cﬁ'havelﬁfa pri onr ?&g%oevlﬂe%d%% oggsqaﬁléé"?aa#eget regl"%i ent,éhttﬂe

schedul i ng ofariquandslays sire infroduéed, dad anaya¢ven iaclddotoss o€ oA oramilitipler packets

I nformation, ipncluding the nodul ation, te | que, .t he channel encodin etc.
I n one enbod?'ffg?ﬁqner t H"Fmsr?g\?é’a& iﬂg{égf@ P‘c’ég?qiﬁ'a‘[l”éa§ . Wtf’%mﬁtion,
the recei vefoléri@\tigd Farfind deRysbpaRked ds el 2§ FROPEKEE. BAOpbaivletd &ploitthe
scheduling is_ determned by a scheduling algorithmand sent in a

synchr oni zat $JaY felsmuge ofppacket datar sysiemas by gschedulingt wansgissionshfor eptisura
determ i wmﬂa&sa At orei gt e S on
avai | ablngst?gl}@%lsm on poWerlEﬁl %ee%a ara eﬂfsﬁﬁ%ﬁﬁénﬁmﬁgw ﬁ'g
t ransm ssi onsghedsled acodrdihg ta)thel qualityodf dable of tramsneission’Enk) SThe tradisthission @ses
conbi nati on stem.is a system capabl e of handling bojh | ow delay d
transmi ssi ongIY aaﬁ'g;bby%@?gﬁy(ﬁ%tm §%i°8ﬁ.°r}l Weégﬂlﬁ‘ i B5ee% 8h as?é’?eranir%épabl e
of handling jelodfcedNFvariaBle @ilay]al the AARDE SRy nbl'BaveVA pHBR IhoWiie ofand
thus the avail able data rate, )\eari es 30 wth ti ngHWth thje7 voi ce actlvoity.
The recei ver thgotargetorecipient, Khewichedpdings of Heansmissions, the data rate, and/or the

20  configuration information, including the modulation technique, the channel encoding,

etc. In one embodiment, rather than have each receiver estimate such information, the

receiver requests a data rate and corresponding configuration. The scheduling is

(=

determined by a scheduling algorithm and sent in a synchronization message.
Prior to requesting the data rate, the receiver determines an optimum data rate,
25  wherein the data rate may be based on available transmission power. The data rate is
proportional to the transmission power and the quality of the channel. As used herein,
a combination system is a system capable of handling both low delay data transmissions
and packet data transmission. In a combination system capable of handling voice and
packet data transmissions, the available power, and thus the available data rate, varies
30 with time with the voice activity. The receiver does not have knowledge of the voice
activity of the system in determining a data rate. One example of a combination system
is a Wideband Code Division Multiple Access, such as the "ANSI J-STD-01 Draft
Standard for W-CDMA (Wideband Code Division Multiple Access) Air Interface
Compatibility Standard for 1.85 to 1.99 GHz PCS Applications” referred to as "W-



activity of the systemin determning a data rate. One exanple of a 5 APR
conbl nation system is a Wdeband Code Division Miltiple Access, czh ég QW?-;
"ANSI J- STWO#dvimest Standard for WCDVA (W deband Code Di %i&%l pl e
Access) Air Interface Conpatibility Standard for 1.85 to 33

Applications" referred to as "WW0 02/47408 6 2 5 APR 2005 PCTI USO / 50895
CDVA." Ot her systens include the 'TIA EIA'1S-2000 Standards for edma2000
Spread Spectrum Systens” referred to as "the cdma2000 standard,” or other

per-user COODMAon @m&f@mmﬁnmw edatmlsmﬂsfﬁo&? dfq c%f':ﬁ‘ﬂ?@ FI G
1 consistent_with the praotocols defined by the HAl specitication n the
syst em 20, asmsmﬁmmc@t@s"ﬂlwdmm standatdy’t opother Pet-iepugh

28. Each nob E'I:iﬁ: 6-28 is identified by an index value fromO to N,
N being the %clnﬁ tglrngof nmobil e stations within the system 20. The

packet data channelpaéléetl datd byswsi 20tie dilabrated vl K1CP! 10 4sisteRt wlﬁzttﬁé gﬁstscé;?e
swi t chabl ;g egctlon The base station 22 nay be referred an "access

t er mi nal Py th sheedication: o fmthet systemy 20,0 bmrmtlmp'&:cdmmabicytps one
user at a ti ected to a
conput i ng deﬁgﬂﬂﬂgﬁgﬁﬁgés%@ ap 0P cc‘)ir?‘gﬁ?ﬂe@’%"&*"%&“&g*&? "‘@% index

assi stant. Avnlecfrems) tmN;}N\htmgrﬂ;ehﬁmmuEmeﬁgﬁﬁidbﬂE%tanbiﬂ ﬁﬁhﬂﬂﬁeb fzoeb |
access capahbiliti ar t he packet data_channel 24 may be referre
to as an btlF Eﬁ‘e L%Aﬁ 33 pukiip! ?P@Et@#ﬂﬂ%@e%ﬁé@htc a'q#acket
sw t ched dat@pa&tioft qﬁ@s %j%gd I Wil i 0n , the
base station 52_ ggﬁng?@mgﬁﬁzgt i ons n@ o hE&an rne ?d&ﬁn a

typi cal MDR p;wdmmcqnamtydatmmpmﬁmuw mesum(acaeﬂne/.\n Nmteomat b akcds® t he
selected re I n dat a_channe chedyl es the vari ous
nobi | e statcdlmgl!rlllg£1 %%‘e’%ﬁé %'?'eée‘ﬁ% EBP%@B\??C&FP&’C EH%WOWS%%) dat a
transmitted gersofmlt digitADadsfnmt.s ARl 4kBss RAHINAEHA Séi:eﬁfbefafbénuﬁi%éle@ orleSkgh S L0

data transmtted fromthe m)blle stations 26-28. The packet data system 20

schedul es us¥$tsa055ss; Gapplifities. | Simlarly, the packes datgchanned 24 maybegefeand to asan Thi s
T o et g S S, R DGR Bk
t ransm si$i ornetiwork andtthefaoa:m leeminal devies] In oke anlﬂtmﬂbm%ﬁﬂoﬂfﬂwﬁms by
ctati on ont yeuleterphg PR S Belatersed { 0o an”opt  mum condi tion The user (s
of nobile stations a2§pral HIK syl Packkd dataSntthfitationd pébelPwih one link to
the selected recipient, wherein packet data channel 24 schedules the various mobile
stations 26-28 one at a time. Forward traffic channel refers to data transmitted from the
20  base station, and reverse traffic channel refers to data transmitted from the mobile
stations 26-28. The packet data system 20 schedules users by implementing one link to
one user at a given time. This is in contrast to low delay data transmission systems
where multiple links are maintained concurrently. The use of a single link allows a
higher transmission data rate for the selected link and optimizes transmissions by
25 optimizing the channel condition for at least one link. Ideally the base station only uses
a channel when it is at an optimum condition.

The user(s) of mobile stations 26-28 that expect data service(s) provide a
forward traffic channel data rate via a Data Rate Control (DRC) channel to the base
station 22. The users are scheduled according to the quality of signal received, wherein

30  scheduling also ensures that users are scheduled according to a fairness criteria. For
example, a fairness criterion prevents the system from favoring those mobile users
proximate to the base station over others that are distant. The requested data rate is
based on the quality of signals received at the scheduled user. The ratio of the Carrier-




forward traffic channel data rate via a Data Rate Control (DRC) chardrieAPR 205
the base owewyemoe®2. The users are schedul ed according to pEgusHAbissy Of
signal received, wherein 30 scheduling al so ensures that users are schedul ed
according to a fairness criteria. For exanple, a fairness criterion
prevents the systemfromfavoring those bile users proximate to the base
station over others that are distant. The requested data rate is based on

the quality ed ribrfnéice ive The t the
Carriler o oS SBAAsS (ALK GuBlurid R UM B gaing ¥ Cud bt For )
measur ed and comminicatiatet eni ne a data rate for the communication. FIG 2
illustrates a st amdescrl oper at.i on of .the system 20 of FIG

1, such as an HDRb@rﬁﬂﬂ'F EF ‘qugvahm&PM%OMF sypem; A0 of H1Con.

The state 51%@&@%%@1{@@@ ﬁn'&ﬂsl%ﬁpwﬁﬂ%mls‘é%%ﬁ%noaata Cﬁﬁxﬁf‘;?te

30, labeled "INTT," base station 22 acquires access to
24. Duriny t Hiagram deseribes opeaanmthh)me imoblle diser, M&‘;wm stgteaBO‘ dabetedd'INTT, 0t

channel and che.on ont r ol I et of t initialjzation,
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Wi t hin m)bilﬁ stations 26-28 |s |IIustrated in FIG 3. The power re(‘::heaitved

in dB at eac 613§é$ schedyled s snch J»fmﬁe@m&wﬂmtm

%Ice:’\elgz \G/Ieza'? St rongest%*gnaw gﬂi%lle%%% I’eCGI veé?mfh]e S ongest

signal. 25 Th@'mettgd throughcansaltermate &0essnetidrk. t o schedul e communi cations with
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20 28 by providing multi-user diversity. An example of the usage patterns associated with
three (3) mobile stations MS0, MSi, and MSN within mobile stations 26-28 is illustrated
in FIG. 3. The power received in dB at each user is graphed as a function of time. At
time t; MSN receives a strong signal, while MS0 and MSi are not as strong. Attime t;
MSi receives the strongest signal, and at time t; MSN receives the strongest signal.
25  Therefore, the system 20 is able to schedule communications with MSN around time t;,
with MSi around time t;, and with MS0O around time t;. The base station 22 determines

the scheduling at least in part based on the DRC received from each mobile station 26-
28.

An exemplary HDR transmission within system 20 is illustrated in FIG. 4. Pilot

30  channel transmissions are interspersed with the packet data channel. For example, the
pilot channel uses all available power from time tg to t;, and similarly from time t; to ts.

The packet data channel uses all available power from time t; to t, and from time t5, etc.

Each mobile station 26-28 calculates a data rate based on the total available power as

used by the pilot channel. The data rate is proportional to the available power. When
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channel 66, and with MS2 60 through channel 68. Bach of the packet data

service users provides data rate information to the base station 52 on respective DRCs.

20 In one embodiment, the system 50 schedules one packetized data link during a given

time period. In alternate embodiments, multiple links may be scheduled concurrently,
wherein each of the multiple links uses only a portion of the available power.

Operation of the system 50 according to one embodiment is illustrated

graphically in FIG. 6. The pilqt channel is provided continuously, as is typical of low

25  delay data systems. The power used by the low delay data channel varies continuously

over time as transmissions are initiated, processed and terminated, and according to the

specifics of the communications. The packet data channel uses the available power

after the pilot channel and low delay data services are satisfied. The packet data

channel is also referred to as a Pooled Supplemental Channel (PSCH), including

30  resources of the system available after dedicated and common channels are allocated.

As illustrated in FIG. 6, dynamic resource allocation involves pooling all unused power

and spectrum spreading codes, such as Walsh codes, to form the PSCH. A maximum

broadcast power is available with respect to the PSCH, which may be referred to as

Iymax.




QOeratlon of the system 50 according to one enbodinment is illustrat ch APR 7005

gr aphi cal | GFlsgs 6. The pilot channel is provided conti rﬂﬁ:ﬁ%@f*gn@?
typi cal of ow 25 del ay data systens. The power used by the Tow ay data
channel varies continuously over tine as éransm ssions are initiated,

processed and term nated, and according to the specifics of the
communi cations. The packet dat a channel uses the avai |l abl e power after the

pi | ot channel and lf:&ﬁ‘ﬂi I f a
channel is also ré errgg tta?ng?hgoo%ﬁe}‘tgﬁ%upp enen élf atn%eﬁwf@éﬁ_él ﬁﬁ'

i ncl udi ng 30chapselsirench hating eurdqest mmnalspmbdmga:bﬂer Onel frantecaf datedisctheqon
channel s are_al l.ogate As il ust in FIL.LG 6,

al l ocation ifHf Jdntegetverdang ‘P@H%‘E‘i}d ultant, sign ’ét‘ir‘:‘}?‘ﬂlgﬁl"égd?m the)des,
such as VAl sfubeR&fsls. tmfmarfecélb@f G ﬂsﬁﬁxélﬁﬂﬁbd% gétreu‘m%:hé A
avai |l abl e wth%to he PSCH, Ich may be referred to as lamax. WO

02/ 47408 D 2vai Bsngﬂauca@@g/sammwdw fiir dongeo frames enlower frame ratesie

Cpect rum spr RIS BB B PlcRes € siciibing P Bcs. SRS iGN bR RS ana
nodul at ed. Tﬁﬁmﬁﬁﬁ&dﬁﬁ@he&tﬂl&ﬁipldﬂotﬁiw h@feﬁmﬁmmncysubchannels At

the receiver, the_signals are sumed together to rebuild frame. A 5 variable

frame Iength enc ol tegtrastie p‘}dbw@shmflmrdglw%wﬁb HDBVWW 1l‘i@"»rat es

Eﬁ[)-;;g{(ét IS trans% %%gk%n@ag&ﬁ%ﬁl M?%éetwmf rerrental

redundantly. data-oplyt syateim e iHbsGated, intFG. aﬂddﬂtmfomccn‘prém;ﬂeﬂlm dibdtsa sm:lt st he
HDR transm s i nt rodu vari a r for [ he, avaj |l abl e
Doner | anoc; efiiiooges” afe ayaiiaile for 54 o herielen@ irenguisBin hok; Wheapist 8810 k1
4, all of thgelgpafateryies breWldcP tHGe Ew&hdﬁﬁs%&@ RO fi@Mmberdifvaitie edles T Or

use on the selected transnmission lin When voice or |ow delay data
servi ces ar ebes@mss vagablgec WK& withttines erAS thesnumbes ofuydies opflow\deldyadita

codes becongs, r e or |ow
del ay data seré?s{:dg? énge e%‘éﬂ%ﬁq c@gép%/alggﬁdggfcgmﬁansm tting
t he dat alxhanges. Aiﬂhﬁ&atddlmsm(}aﬁ,eﬁsmis behieduled dididg itlse Smb et b&&oduroltogl,the
time period fr to ti, d M52 fromtl t2. During.the tine

fromt2 to t% ‘Pﬁgztmé‘ &2‘5%3'8 9&&%‘@‘%%%’8‘? l?ﬁﬁ‘l‘?fﬁ&*@

MB3 and M4 hﬂkbrdr@goﬁﬂ&tédl iR1uiig M8 1 53 dnd IS4, g&%uﬁ aam&igqsul ed

alone. As illustrated, throughout the time periods t the power
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power consumed by the low delay data channel varies continuously, impacting the

20 power available for packetized data communications. As each mobile station calculates

a data rate prior to receiving transmissions, a problem may occur during a transmission

if the available power is reduced without a corresponding change in the data rate. To

provide the mobile station{s) 56-60 with current information relating to the available

power, the base station 52 determines a ratio of the available power to the pilot channel

25 power. The ratio is referred to herein as the "traffic-to-pilot ratio”, or "I/P ratio." The

base station 52 provides this ratio to the scheduled mobile station(s) 56-60. The mobile

station(s) 56-60 use the T/P ratio in conjunction with the SNR of the pilot channel,

herein referred to as the "pilot SNR," to determine a data rate. In one embodiment the

pilot SNR is adjusted based on the T/P ratio to calculate a "traffic SNR," wherein the

30 traffic SNR is correlated to a data rate. The mobile station(s) 56-60 then transmit the
data rate back to the base station 52 as a DRC data rate request.

In one embodiment, the T/P ratio is included in the header of a packet of data or

may be punctured or inserted into the high rate packet data channel between packetized

data traffic. As illustrated in FIG. 7, the T/P ratio information is transmitted prior to
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56-60 with current information relating to the available power, the base
station 52 deternmines a ratio of the availdable power to the pilot channel 25
power. The ratio is referred to herein as the "traffic-to-pilot ratio", or
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data communi sce%tall'agenshann& having a low transmission rate. The signaling message may be sent
20 concumrently with the data packet. The signaling message indicates the target recipient
of the data packet, the transmission channels of the data packet, and well as the coding
used. The signaling message may use a separate Walsh code or may be time
multiplexed into the high rate data by puncture or insertion. '
In one embodiment, the signaling message is encoded into a shorter frame than
25  the frame of the data packet, such as the header, allowing the receiver to decode the
signaling message and make processing decision(s) accordingly. The data received that
is potentially targeted for the receiver is buffered awaiting the processing decision(s).
For example, if the receiver is not the target recipient of the data, the receiver may
discard the buffered data or may discontinue any preprocessing of data, such as
30  buffering, etc. If the signaling channel contains no data for the receiver, the receiver
discards the buffer, else, the receiver decodes the buffered data using the parameters
indicated in the signaling message, reducing any latency of the system.
In one embodiment, the paralle]l signaling channel is transmitted to multiple
users. As multiple users are able to distinguish between data to the various users, each
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traffic SNR ji@led iR, 3' A4 the receiver will determine the data rate based on the T/P ratio,

20  the signaling message may not include the data rate. The receiver then determines the
arrival timing of data based on a transmitted synchronization message. In one
embodiment, a separate signaling mcssagé is generated for the timing information. The
signaling message is transmitted in paralle] to the data. In an alternate embodiment, the
signaling message(s) is punctured into the data.

25 FIG. 10 illustrates 2 method 100 of processing data in a combination wireless
communication system capable of packet data and low delay data transmissions
according to one embodiment. The mobile station(s) receive a traffic frame, which is
information received via the traffic channel, at step 102, The traffic frame is buffered at
step 104. Buffering allows the mobile station(s) to handle the information at a later time

30  without losing transmitted data. For example, data received may be buffered while other
processing is performed. Or as applied in the present embodiment, the buffering delays
processing of data until the mobile station(s) determines the target recipient of the data.
Data targeted for other mobile stations are not processed, but rather are ignored saving
valuable processing capability. When a mobile station(s) recognizes itself as a target
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the data rate and informs the mobile station. In another embodiment, the mobile station
25  determines the data rate and informs the base station. In still another embodiment, the

base station and mobile station negotiate a data' rate, wherein each provides information

to the other. The decision diamond 126 separates the process flow according to where
the data rate decision is made. If the mobile station makes the data rate decision,
processing continues to step 136. If the mobile station' does not make the data rate
30  decision, processing continues to step 128,

In one embodiment, the method for determining a data rate involves negotiation
of the mobile station and base station. In the negotiations, the mobile station determines
a maximum achievable data rate. The maximum achievable data rate represents a data
rate possible if the mobile station is the only receiver of the base station. In this case,



user and reduces the power consunption associated therewith. FIG {15 APR 2005
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Continuing with FIG. 11, in an alternate method of determining a data rate, the
data rate decision is made by the mobile station. For this embodiment, at step 136 the
mobile station receives a Traffic-to-Pilot ratio, T/P ratio. At step 138 the mobile station
uses the calculated pilot SNR to generate a "traffic SNR" by adjusting the pilot SNR
25  according to the power available for traffic transmissions. In the present embodiment
the T/P ratio is used to adjust the pilot SNR. The traffic SNR then reflects the estimated
SNR of the traffic transmissions using the available power. The traffic SNR is
correlated to a data rate at step 140. The traffic SNR may be correlated to a Carrier-to-
Interference (C/T) ratio or other indicator of the quality of the channel. In one
30 embodiment a Jookup table stores traffic SNRs and associated data rates. The data rate
is then provided as a request to the base station on the Data Request Channel (DRC) at
step 142. Processing then continues to step 144.
In an alternate embodiment, the mobile station estimates the T/P ratio using the

received pilot signal. The received pilot signal provides a channel estimate used for




10 rate. The nornmalized data rate is then transmtted to the baseefg m@h
via the Nornmalized Data Rate Channel (NDRC) at step 132. The bas thati
recei ves t h&%ONDRC48r om each nobile station and deter correﬁe?&gb
rates for each nobile user. The data rate indicator is the ed to
each nobile station at step 134. Processi il? then continues to step 144 and
the nobile receives traffic at the data rate, and finally returns 15 to
step 122. The B/P ratio represents a constant that will typically vary
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mode], an estimate of the traffic-to-pilot ratio is given as:
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The Maximum Likelihood (ML) estimate of the traffic-to-pilot ratio may be found using
the following estimate:
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After some approximation, (3) reduces to:

R=
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- wherein the constellation is assumed to havc unit averaged power.

R=

4




rk = /Pc+nk fork / 0,1, ,M-1. R= P wherein rt and rk are the traf&iAPRAOE
pi | ot si gnave p2/4mepect i vel y received at a nobile station.pgdpPgsaisegue!

gain, c is conplex. The noise associated with the traffic and pilot are
given as nk and nk, respectively. The lunped power for the pilot and traffic
are given as P and T, respectively. As described T = ECG and P = Ef G ,
wherein EE and 10 E" represent the energy per chip for the traffic and pil ot
channel s, respect Thekstima#din Bhandi(4) bay d8difficuR € ebAl@ats Ois' thE RRAAKeGence
processing g Note that noises ns and nk are consi dered i ndependent due
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and variance N,. For the above escrl bed system nodel, an estl mate of the
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5 According to one embodiment, an algorithm for estimating the T/P ratio first

R M2
estimates & = /Pcwith A =I14—Zr,,f and the noise variance N, from r”. Next the
m=0

algorithm defines an estimate of the T/P ratio as:
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wherein the estimate of (5) is asymptotically unbiased. Note that an optimal estimate
10  considers the first moment of the test statistics, while the estimate of (5) intends to
estimate the second order moment. While both approaches result in unbiased estimates,
the second order moment will typically introduce a larger estimation variance.
Consider also that using the first order moment, the required data sequence is
unavailable, and the mobile station uses & priori the specific format of the constellation.
15 In an another embodiment, a T/P ratio estimation algorithm estimates

M-l

h = JPc with h——Zr” and obtains the empirical probability density function

(PDF) of x, = l m-1 - Note that, for sufficiently large M, x, can be considered

approximately Gaussian with mean Rs,. It is then possible to extract an estimate of
R from the PDF of x,. At this point there are a variety of ways to estimate R from the PDF of
20 x,. Several properties can be used in extracting the traffic-to-pilot ratio from the PDF. For

example, for a high-order modulation such as associated with a high SNR, x,’s are grouped
into several clusters. The layout of the centers of the clusters is similar to that of the
constellation of 5, . For M-PAM, M-QAM and M-PSK, the constellation points are equally
spaced. Note also that the distribution of each cluster approximately follows the Gaussian PDE.



(3) (4) wherein the constellation is assuned to have unit averaged g)\rﬁ : X\D
02/ 47408 15 2 5 APR 2005 PCTI USOV50895 The estimates in (3) and (43) Mﬂ ‘
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transmtted signal, is included in the equations. However, these equations
suggest that '71 rr-1 is a sufficient statdstic that may be used in T/P
ratiorm Mw a estimation algorithmdesigh. 5 According to one enbodi ment ,

an algorithmfor estimating the T/P ratio first 1 M1 estimates h = VPc

with h = M EWith saide biiig) Sich Bs VeHipaios ablio!VobiHilg, an &Mi:@ﬁomﬁ&W'thm

defines an esti.mate of T/P ratio as: 2 1V,
w . -or"  whSFRRof arted r]-&ﬁ]é[te of (5) is asyrrptotlcally unblased 2 N 2 (5)

rl Mw M Note thahealgoﬁtnﬁzlﬂwc@shwﬁiﬁml&qﬁ%fr?gs X e ItleS ogﬂﬁﬂg%r gf the

test statistic while the estimate of (5) inte est Second

order nonent? w&w&w&&aﬁcm@t&@mmmuammwmmgmamy spabeal,
second orgier of BREE ikl bY Be®Pbior' B/ RS e B s SSL0E! 3R el 3N°°
period, is then determined by frequency domain analysis. For example, creating a
histogram by calculating the DFT of the PDF function, the algorithm then locates the
major period. Rmay be calculated based on the major period and the period between
any two constellation points. For M-QAM, the two-dimensional PDF function can be
10 considered as two separate one-dimensional functions. Alternately, the equal spacing
property may be exploited in the time domain. For example, by calculation of the auto-
correlation function of the PDF, the position of the first side-lobe next to zero offset
may provide an estimate of the average period between the center of the two adjacent
clusters.
15 In still another embodiment, the N centers of the clusters of the PDF are first
located. This method assumes that the estimated centers are {d,} fork=0,1,...,N-1

and the constellation points {a, } for k=0, 1, ..., N-1, are in a same order. Application
of the least square algorithm results in the following estimate of R

R= Higa"d;] =Hiza”d;] )

N Dl

Note that the centers for the PDF function may be determined in a varjety of ways.
Since the constellation points are equally likely, the method first finds the
Cumulative Probability Function (CDF) from the PDF. The clustering is performed by
application of a threshold scheme on the CDF. The center of each group is then
25  calculated by averaging within the group using a first order moment. In alternate
embodiments, techniques such as feature extraction used in image processing may be
applied, wherein for example, a feature may be a peak or a template based on an
approximation to the Gaussian PDP. Note also that image segmentation techniques,
such as clustering and region growing, provide methods for grouping the points of the
30 empirical PDF. Comparing (6) and (4) illustrates a similarity between clustering
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Lo N information is known a priori, including but not limited to, constellation information,
encoding scheme, channel identification, and power available for transmission of packet
data. Constellation information refers to the modulation scheme with which the digital

20  data information is modulated onto a carrier for transmission. Modulation schemes
include, but are not limited to, Binary Phase-Shift Keying, Quadrature Phase-Shift
Keying (QPSK), Quadrature Amplitade Mapping (QAM), etc. The encoding scheme
encompasses aspects of coding the source information into a digital form, including, but
not limited to, Turbo-coding, convolutional coding, error coding, such as Cyclic

25 Redundancy Check (CRC), rate sets, etc. The receiver via the DRC may request the
constellation and encoding information. Channel identification includes, but is not
limited to, spreading codes in a spread spectrum communication system, such as Walsh
codes, and may include the carrier frequency. The channel identification may be
predetermined and fixed. The transmission power available for packet data

30 transmission is typically known, based on the known total transmit power available and
the known pilot signal power.

In a combination, packet data and low delay data, system some of the above
mentioned information is not known a priori, but rather is subject to variation due to the




and the constellation points {ak } for k =0, 1, ..., N1, are in a sane
order. Application of the |least square algorithmresults in the IQIARRVWH'JQ
estimat e ofwloRs740%~~~1Z 20 WLNY, a..dA (6) Note that the f@ﬂhﬁdﬁsﬁﬁr t he
PDF function nay be determined in a variety of ways. Since the
constellation points are equally likely, ,tthe nethod first finds the

Curmul ative Probability Function (CDF) frc} the PDF. The clustering is
performed by application of a threshold scheme on the CDF. The center of
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Gaussi an PDF. Note al so that inmage segnentation techniques, such as
clustering and regi on growi ng, provide nethods for grouping the points of
the 30 enpirical PDF. Conparing (6) and (4) illustrates a simlarity between
clustering WO 02/47408 17 2 5 APR 2005 PCr/USO /50895 processes and

har d- decodi ng, wherein the actual signal sk in (4) is replaced by the hard-
decoded synbol a", in (6). In a typical HDR system such as system 20
illustrated in FIG 1, one link is established between the base station at
atinme. In one enbodinent, a wireless 5 conmunication systemis extended to
support nultiple. users at one tinme. In other words, system50 of FIG 5
allows the base station 52 to transmt data to nultiple data users of
nobil e units 56, 58, and 60, concurrently. Note that while three (3) nobile
units are illustrated in FIG 5, there may be any nunber of nobile units

Wi thin system 50 communicating with base station 52. Extension to nultiple
users provides for. 10 nmulti ple conmmuni cations via the packet data channel

54. At a given tine, the users supported by the packet data channel are
referred to as "active receivers." Each active receiver decodes the
signaling nessage(s) to determne the T/P ratio of the packet data channel
54. Each active receiver processes the T/P ratio w thout consideration of

t he



potential for other active receiver(s). The base station receives dgtlAPRIGS
Fequest s f wov2dfogach active receiver and all ocates power permppijsigesal |y.
Returning to FIG 1, in a conventional HDR comuni cati on system much
information is known a priori, including gut not limted to, constellation

i nformati on, encoding schenme, channel i déntificati on, and power avail able
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conparison is made in the followng table. WO 02/47408 19 Tabl e 1.
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information to the receiver. The message identifies the target recipient(s) and the
5  channel(s) for the packet data transmission. The DRC information requests a data rate,
specifying the constellation and the encoding. The provision of the available traffic
power indicator, wherein in one embodiment the indicator is a ratio of the available
traffic power to the pilot signal strength, provides a measure for determining the data
rate. According to one embodiment implementing a separate parallel signaling channel,
10 the information related to target recipient, constellation, and encoding is transmitted via
the traffic channel and/or DRC, while the information relating to channel(s) and traffic
power for data is transmitted via the parallel signaling channel.
Application of the embodiments and combinations of embodiments described
hereinabove, allow for combination of packet data with low delay data transmissions

15  within a wireless communication system. As indicated, the combination of voice with
packet data introduces variables into the transmission process. The application of a
separate signaling channeling provides information to receivers within a wireless
commumication system without degrading the quality of the communication. The
signaling channel message may identify target recipient(s) infonmation. The

20 transmission of an available traffic indicator to a receiver provides information that
assists the receiver in determining a data rate to request from the transmitter. Similarly,
when the traffic indicator is used by multiple receivers, wherein each calculates a data
rate therefrom, the transmitter receives information that assists the transmitter in
allocating transmission channels for packet data transmissions to the multiple receivers.
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di scussed hWe&c %Bﬁﬁ:aﬁom votie ! e “WANbOY Sttustrative components, blocks,
modules, circuits, and steps have been described generally in terms of their

functionality. Whether the functionality is implemented as hardware or software

depends upon the particular application and design constraints imposed on the overall

20 system. Skilled artisans recognize the interchangeability of hardware and software

under these circumstances, and how best to implement the described functionality for

each particular application.

As examples, the various illustrative logical blocks, modules, circuits, and

algorithm steps described in connection with the embodiments disclosed herein may be

25 implemented or performed with 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 such as, e.g., registers and First In First Out (FIFO) type, a processor

executing a set of firmware instructions, any conventional programmable software

30  module and a processor, or any combination thercof designed to perform the functions

described herein. The processor may advantageously be a microprocessor, but in the

alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. The software modules could reside in Random

Access Memory (RAM), FLASH memory, Read Only Memory (ROM), Electrically




enbodi ments are applicable to any wireless per-user connection nmethgd. AFRo;gn[,
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with respect to HDR, but nay also be efficient in application to IS 95,
WCDMA, | S-2000, GSM TDMA, etc. Those ofpsskill in the art woul d understand
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and chi ps that may be referenced throughout the 10 above description are
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25 inple e readity apparent tg thave skilledde theart, ambiby generic
licati on ﬁmﬁ Gat e
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processor, oprimiplesantiiovel featirdshiicsbd Hasingned t o performthe functi ons
descri bed_herein. The processor may advantageously be a m croprocessor, but

in the ternative, the processor may be any conventional processor,
controller, wperooiroller, or state machine. The software nodul es coul d
reside in Random Access I\/brmry (RAM), FLASH nmenory, Read Only Menory (ROV),
El ectrically WO 02147408 21 2 5 APR 2005 PCTI USOV50895




Programmabl e ROM (EPROM) nenory, Electrically Erasabl e Programmabl e, ROM
(EEPROV), registers, hard disk, a renmovable disk, a Conpact Di sk- RORS APR 2005
(CD-ROM), or any other form of storage nediumknown in the art. The
processor may reside in an ASIC (not shown). The ASIC may reside in a

t el ephone (not shown). In the 5 alter Hative, the processor may reside in a

t el ephone. The processor may be inplenented as a conbination of a DSP and a
m croprocessor, or as two mcroproCeEd®dsSs in conjunction with a DSP core,
etc. The previous description of the preferred enbodinments is provided to
enabl e any person skilled in the art to nake or use the present invention.

The vari Ogii Frg{j&}rﬁf%%%go%mgl%igatﬁogl %Egﬁ&seég?r?@sﬁﬁé?t s wll be readily apparent

to those € ar an € geheri nci pl es defined herein may

be applied to qtffiarpresdaastioperntise W lebeivé a fike inds@ua (helflst indivaoi i ve facul ty.
Thus, the present invention is not intended to be limted to the
enmbodi mentcerresponding & evanlablgtpaiket datatiansmsissipd pdwen avhighds squal dopalconsi st ent

with the rinci pl es, and ,novel ..features di scl osed herein. 15 AIM 2 5
APR 2005 S30ERPREIESR AR fade Bl e Bt P S s AR et it gt
first progssefiise@BS 1BV defay itd @ERINGich dnldpilot 5iBAH] GAhShissiohewhéreiatlowndi cat or

corresponding to availabl € packet data transm ssion power, which is equal to
total tr debpidatapomprisésabheaat resd voicatandvideo; atlde wi r el ess conmuni cat i on

appar at us m nus ower used for |ow delay data t sm ssion and pil ot signal
transni ssi on, MQB’EliaH_O? BW?OHQPBKF @ﬁe- “PHTY?&I?@E%‘ @%’é’é@t‘ssm‘i‘e"a f voice and

vi deo; anGyfef@rdssl :ﬁh@% diithé fiRPRidfatofGnd s%?lﬁlesrtﬁhgljﬁ oF apAk Signalat a

transm ssion rate indicator as a function of the Tirst indicator and a

si gnal st rewrgted foin thefhabostatsorgnal received fromthe base station. 2. The

W rel ess comuni cation apparatus of claim1l1, wherein the first indicator
corresponds to a ratio of avail abl e packet data transm ssion power-to-pil ot

channel = BOWT Thdillies thinkl fRchri6R IBRARAGSSE Al PRAKGAiH InfirsEindicilog. wher ei 1

the pilot "Signal ~ strength is a neasure a signal-to-noise ratio of the pilot
si gnal . 4 .corfbsponds @l ratio cbavailablegiacken dappanshissionpowkrtoapibyt chanmeher
conprising: an adjustnent node coupled to the first processor and the

correl ati ®AWEhit, the

3. The wireless communication apparatus of claim 2, wherein the pilot signal

strength is a measure a signal-to-noise ratio of the pilot signal.

4, The wireless communication apparatus of claim 3, further comprising:

an adjustment node coupled to the first processor and the correlation unit, the
adjustment node operative to adjust the signal-to-noise ratio of the pilot signal in
response to the ratio of available packet data transmission power-to-pilot channel

power to determine a signal-to-noise ratio for packet data transmissions.

5. The wireless communication apparatus of claim 1, wherein the apparatus is
operative to transmit the packet data transmission rate indicator via a data rate request

channel to the base station.

6. The wireless communication apparatus of claim 1, wherein the correlation unit
selects the packet data transmission rate from a set of data transmission rates

corresponding to a set of traffic signal-to-noise ratios.



adj ust rent node operative to adjust the signal-to-noise ratio of th? p'ﬁ %
signal in response to the ratio of avail able packet data transm ss gnd R°2005
power-to-pil ot channel power to determine a signal-to-noise ratio for
packet data transm ssions. 5. The w rghess conmmuni cation apparatus of claim
1, wherein the apparatus is operativé'to transmt the packet data

transm ssion rate indicator via a data rate request channel to the base
station. 8. Thd&hamilass sormawhisaliemeprsrtuppaiamuk varren terapparayisds ei n t he

correlation unit .selects the packet. data transm.ssion rate froma set of

dat a t r anSRFTaLYOR! ‘atae‘%”as%rcr"ér@%‘aﬁ%ﬂ&wa S?’Sﬁel’a Sg%qor}?é'?g ?archtfﬁE&a si gnal -t o- noi se
ratios. 2yandikietOmddew GelalRtadn8m@gfonsommuni cati on apparatus of claim1,
wherein the apparatus is operative within a wireless comuni cati on system

supporting packet data transm ssions and | ow delay data transm ssions. 8.
In a wirelbess comunjcation syste he .system operative for .transmtting
packet data and"f SWCtE? gg}n%péatﬂ%}l%{;m,ga%s[yatte% Tatkvﬁgf’rswmhﬂﬁvi ng a total
avai | abl epadiepdaihid RAVElay dati B} MBFiIE QMRS SthB 9yst@f hatihk shbtabavailablgast one

| ow del ay data communi cati'on |ink between a base station and a nobile

st ati on usangniappwénph nxthpibdomprisinga first transnmit power, wherein |ow del ay
data conprises at, .| east one of voi d video;. determ,ning available packet
data traffic pB%l?hsgk“_gaf‘t?fifﬁtc?qedﬂwcfaeaty%gm_tc(?m“m ?Pﬁ’i‘g:bgkY%gﬁsW? power, a

| ow del ay sdab@atd ABDBIIE sRAYE Lsin@BPilbNEgrlal wWith o A3 SdHshit pRRWR! whétsiel

determ ning a packet data transm Ssion rate based on the avail abl e packet
dat a traldw delppdata codprifdsat ivasthoe offvoick andrvBlgomherei n the at | east one | ow

del ay data co nication _.is a Vvoice co ni cation. 10. e nmethod of claim
8 wherein the Ftéﬁn'&f"%eé’?é?@?ﬂ?ﬁ‘ﬁt ﬁﬂ%tr_aﬁbﬁnom as i‘)ﬁ’d’i?éfm ogglpéot# affic power,
further CQV&?fab’{%ﬁﬁnsﬁﬁb@w&m BY e1dy Bd tr&rshr fv @l and@hé BrsPtrahdisit t ot al
available transmt power to the first transmt power. 11. The nethod of

clai m 10, power;endh t he step of determ ning a packet data transm ssion rate
further conpri

. estimatli i | -t 0-naqi i h t dat
{raffic by adj QEeTREERPLRC FrBmRs et of e SmicteBRGhE ' °
accor di ngntdmctﬁbqwtr‘r affic-to-pilot ratio.

9. The method of claim 8, wherein the at least one low delay data communication

is a voice communication.

10.  The method of claim 8 wherein the step of determining the available packet
data traffic power, further comprises:
determining a traffic-to-pilot ratio of the total available transmit power to the

first transmit power.

11.  The method of claim 10, wherein the step of determining a packet data
transmission rate further comprises:
estimating a signal-to-noise ratio of the packet data traffic by adjusting the

signal-to-noise ratio of the pilot signal according to the traffic-to-pilot ratio.

12. A wireless communication apparatus, comprising:
a first processor operative to receive a first indicator, the first indicator

corresponding to a ratio of available traffic-to-pilot power,



12. A wireless comuni cation apparatus, conprising: a first proces
operative to receive a first indicator, the first indicator correiiﬂﬁ“ﬂgf'
to aratio of available traffic-to-pilot power; 2 5 APR 2005 24 a
measurenent unit operative to receive a pilot signal and determ ne a pil ot
signal -to-noise ratio of the pilot si &ﬁal; a summati on node coupled to the
measurenment unit and the first processor, the summation node operative to
adj ust the pil atmeb@gement Ortspesstive ad tedelvy atphlet §ijgtid tand detemainen piloo form a
traffic signal-to-noise ratio; and a correlation unit operative to receive
t he traf f pignalrtgrimiserratioef W6 pHlatsighaind deternine a data rate for packet data
transm ssion f i i : L { ar at us.
13. The appar a% ggﬁ%}“ggﬁg‘?% %%dp? etEr)gklleL ?%Sg}é;’)ngégggﬁlt 8@@%? s%egéslrir’gtﬁgrate
i ndi cat or surhfatioiaéde dRtAiveed adjast thy pitanignal-loatdisyratio By eiRchdt indicarope.  14.
The apparatus of claim1, wherein the first indicator I1s transmtted on a
separ at e patoam|adraf§¢ gigarl-tegnodseaati@ianlr om t he base station to the apparat us.
15. The apparatus_of .clai.n 14, .wherein the first indi | ent
concurrently \Matcﬂrrglﬁtl%f“élt BRI rr?)crﬁ“{eﬁge Hgﬁf{g Sé%“&[l Podﬁ&%é;{alnﬁzmgppar atus. 16.
The appar gbidimiRe aldtarafd i pdbketMMRd @aidntiéifor frédita Habdlitg@diDio the dileRkes a tar get
reci pient of a data packet. 17. The apparatus of claim 14, wherein the first
i ndi cat or comuiuowaten apenans.ssi on channel s of a data packet. 18. The
apparatus of claim 14, wherein the first indicator indicates a coding type.
19. The wirel ess communi cation apparatus of claim1, further conprising a
receiver qperahhg a%tﬁgsféﬁinpe%ﬁémiﬂ%@pawa da@VirSRhAKISlAfaR BBicaRfle di vi sion
mul tiple access ( ) channels fromthe base station.

is a data rate defined by constellation and encoding type.

14. The apparatus of claim 1, wherein the first indicator is transmitted on a

separate parallel signaling channel from the base station to the apparatus.

15.  The apparatus of claim 14, wherein the first indicator is sent concurrently with

a data packet from the base station to the apparatus.

16.  The apparatus as in claim 14, wherein the first indicator indicates a target

recipient of a data packet.

17.  The apparatus of claim 14, wherein the first indicator indicates transmission

channels of a data packet.
18.  The apparatus of claim 14, wherein the first indicator indicates a coding type.
19.  The wireless communication apparatus of claim 1, further comprising a

receiver operable to receive packet data and low delay data on code division multiple

access (CDMA) channels from the base station.




