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FIELD
20
The present invention relates to wireless data communication. More
particularly, the present invention relates to a novel and improved method and apparatus
for high speed packet data and low delay data transmissions in a wireless
communication system.
25

BACKGROUND

Increasing demand for wireless data transmission and the expansion of services

available via wireless communication technology has led to the development of specific

30 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
transmitting packets of data in a wireless communication system. A difficulty arises in
applications requiring both voice and packet data services. Voice systems are
35 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-



WO 02/ 41509 PCT/ US01/50892 2 nedia, and other real-tine data systens. HDR
systens are not designed for voice conmunications but rather are designed
to opti mweoratsed t r ansm ssions, as the base station in anCHDRIEPsI2em
circulates through the various nobile users, sending data to only one
nmobi l e user at a tine. The circulation introduces delay into the

transm ssion 5 process. Such delay is tolerable for data transm ssion, as
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multiple nobile users at a tine, Ing the power anong the
mul ti plke usehs.coAtbimtignspsterni me, one user is selected as a target recipient
based on the quality of the channel. The base station determnes a ratio of
the available power to the pilot channel power and provides the ratio to
the selected nobile user. The rati SUMMARYrred to as the
"Traffic-to-Pilot" ratio, or "T/P" ratio. The nobile user uses 25 the
ratio to calculate a data rate and sends that information back to the base

station. |n oneTksridisglosechembpdiananiss proyidgt # iVl avd daproyed method for high
" Broadgast 'a%ﬁétpdzlt(ﬁggt%'éﬁ&'l deraB daf¥ t‘?e'{nlsfngé_sl,o%t 1hga kﬂ%leg{%ﬂﬁuﬁiggtﬁcgl WRLE N the

rati o considers t roadcast power, t ot aval
t ransm ssi lmroneenmhodiroéntt hbash atatios tim b ivorelesm domimaingiation systane firstisete up lowe

power portion of the.br.oadcast. power .used .for th i.lot _channel. The nobile
oo 30 aetddaiss Sretbiea s biaRRerntaiana; Bepefhedbios paffd it s Gar i on.
wher ei n t heecorgral ihe e ailail@poweeafies satifyingt theNowfdetalyedalil. PThd beckeodaml i zed
data rate is sent to tlﬁe q%a?sg station %_d a deci sion de as to . the

appr opr i at ¥MY&T ANERE, theRACkEL 41219 08 AOLE SEAL 3 UME-h enleadff erf‘B‘_"l‘W@“'ﬁDbi | e
user. dm alaa?gmmeg;awka_rda&qbmnﬁple%me%lséﬁlat 8 tigRadiviin £MaabalablsSpdtagd to
provide the 35 T/P ratio information to the nobile user. The parallel
signaling IR the preusers. At a given time, one user is selected as a target recipient

based on the quality of the channel. The base station determines a ratio of the available
power to the pilot channel power and provides the ratio to the selected mobile user. The
ratio is referred to as the "Traffic-to-Pilot" ratio, or "T/P" ratio. The mobile user uses
25 the ratio to calculate a data rate and sends that information back to the base station.
In one embodiment, the base station provides a "Broadcast-to-Pilot" ratio, or
"B/P" ratio to the mobile user, wherein the ratio considers the broadcast power, i.e., the
total available transmission power, of the base station and the pilot power, i.e., the
power portion of the broadcast power used for the pilot channel. The mobile user
30 determines a normalized data rate to request from the base station, wherein the
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 parallel signaling channel is used to provide the

35 T/P ratio information to the mobile user. The parallel signaling channel may be
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transm ssions; a signaling channel wthin the 15 plurality of transm ssion
channel s, ¢hedaiagatal Thg Aeriser 1ganests wanshysseanstab opbelowgbe determinad dafiaons,
wherein eagh mgs %ﬁg%\?\t)&‘i“& WilefRs 2o datiAt st Al atfx%c{oP'tFa%Emis@%ﬁOde' ng
to one aspect, 1n a wreless conmunication system-supporting packet data
t ransniGsi pavketadrda hodviake ldelny diatasort a pheality sif dresmiseion &hphnelsainclugdeod first
transm ssion fggann I
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t he wi ¥l eBlarakipp &f dransmispien hasneds, the siengking chywehbring assigned & Wmespagesages
via a sig I C Le.d LR i nformation and
codi ng i npgédﬁaﬂg?sgﬁéwg%eg%gg%g}e\% gﬁ%}s}gg%seég]?&g%&l agae@}a%% g?éragﬁléelﬂ' det erm nati on
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2 DL LA A B A AR LA 1508 o e,
and advant éigaselfa médopirecheles trynsthigiggackkt detalvidla sa@df packet data channels;
20  and transmitting control information associated with the packet data via a signaling
channel, wherein the signaling channel is separate from the set of packet data channels,
and wherein the control information identifies a target recipient of associated packet
data.
According to another aspect, a wireless apparatus operative to receive packet
25  data via at least one of the first set of channels, the wireless apparatus includes a
processor operative to receive messages via a signaling channel and to determine target
recipient information and coding information from a received messages; and a data rate
determination unit operative to calculate a data rate in accordance with the target

recipient information and the coding information.



apparatus will becone nore apparent fromthe detail ed description set forth
bel ow when 5 taken in conjunction with the drawings in which |ike

ref erencavehzuimet ers i dentify correspondi ngly throughout pandsewses® n: FI G
1 illustrates in block diagramform one, enbodi nrent of a H gh Data Rate
(HDR) protocol w reless communication system FIG 2 illustrates a state

di agram descri bi ng operation of an HDR Séstem as in 10 FIG 1; FIG 3

illustrates in graphi cal ERWBHBESERIBTIONQFIITHERRAWINGBacket data users

within an HDR wi rel ess comuni cation systemas in FIG 1; FIG 4
illustrates in graphical form power received by a user within an HDR

wi r el ess comunilbatfeaturesyshjests,aand advani@gds, ofl sheFpaserBlyi Hisclesadamethodnanidl ock
di agram form an HDR w rel ess communi.cat ,an, . syst.em i ncl udi.n w del ay data
User s accoPRar OB Tote AEE R b ey TR ET o Il O AR o m
power rscetakesl ibycoufmtson WwithDBhewlfa@ligssin earohulike atfefencs Yhhrad@rsaeatifi ng to
various enbodi nents; FIG 9 ill shraﬁtes in block diagramforma portion of
a recei ver “QTFFSEAN yt@@“%%?‘é@%’ E6®runi cati on system according to one

embodi ment ;  FI GrId.0) illstaes & BRck Midgk @M/ (G 8h& BmbediReat BBhNAeh THa Rate
processing traffic data in a wreléess comunication systeminplenenting a

si gnal i ng GHaRhptoteset witdleaycaramynicatianiyldmirent ; and FIG 11 illustrates in
flow di agram f offg ehQfSed 9rsta@@ﬁﬁngﬁ'n{‘h&griﬁingac%p@ra'ii%%ffaﬂgﬂ)ng%g_gt%ﬂ;@ pSSton

in a wreless conmuni cati on systentaccordi ng-to one enbodi | LED
DESCRI Frl CNIGEOH ; THE PREFERRED EMBODI MENTS While it is desirable to inplenent
hi gh rate packeh(iga_,’t:il1 services _and.l.ow del a vices in

‘S 1au

30.vai Y r
one system this SRR AR 84 l%las]Igo%gsalgg)ﬁ?ﬁ%eem%fogfnmﬁﬁgif ac eé%fltraelfsgﬁces
bet ween vowitkinsarHDRegirelesd cdaindurseitivh sgssem SPBCFIG.C;al | y, voi ce services have
stringent and p e m ned .del ay.requirenents. Typically, the ov |
one-vay dei ny | EIC-chaustaes anezethicel Te PORE Rheied b skt Witkin @6 RS o
voi ce, thewgigless éphadni6aibn HISEHR iR F¥@Ni abl e paranmeter used to optim ze the
efficiency of the data conmmunication 35 system As the condition of a

channel>to a gi FEh aistlpstigies in hiackodiagrapy ferm andHPR ivyrelgss opmmupeption

oo R R R R AR ke U AET L Tee Lo 1 anent

and dat a ser vi cEBEGS.fv®ilustratelin grapdidal Earerpovesi received by users in HDR wireless
communication systems according to various embodiments;

FIG. 9 illustrates in block diagram form a portion of a receiver in an HDR

20  wireless communication system according to one embodiment;

FIG. 10 illustrates in flow diagram form a method for processing traffic data in a
wireless communication system implementing a signaling channel according to one
embodiment; and

FIG. 11 illustrates in flow diagram form methods for determining a data rate for

25 transmission in a wireless communication system according to one embodiment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While it is desirable to implement high rate packet data services and low delay,

30 voice type services in one system, this is a difficult task due to the significant
differences between voice services 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
become a variable parameter used to optimize the efficiency of the data communication

35 system. As the condition of a channel to a given user will vary over time, and it is



voi ce services for a fixed and comon grade of service (G0S) for all users.
For 5 exanple, in a digital systemthe GOS requires a fixed and equal
transm ssvon24@be for all users having no delay greater thanusommse2num
tolerable value for the frame error ratg (FER) of the speech frames. In
contrast, for data services, the GOS is not fixed, but rather may vary
fromuser to user. For data services, the GOS may be a paraneter optim zed
t o i ncr easéherefereopassifle toegelget it bgites flimgsetodtaangmetopasiiats s an hes ekamnelthe 10
GOS of a dapay;ggymuni cation systemis typically defined as the total delay
incurred in the transfer of a predeterm ned anount of data hereinafter
referred to as anddendiftecdret betwéen vametand daki sgrvi¢dasdanelvel the eequremebesfveen

voi ce services and d%a S{ervcjnce(fs] is_that the.forner ‘ﬁﬁgxifr es]a r el iﬁbl e
comuni cat 85 ISETYECeS IRT @ntixed, apd, comman, grads, OfsEiVice: QL Sy st¥m i s
provi desl byxaodle, ihandigitdl systerhthda0$atduires aUfiXed and efedl unagiamissiod bate for all

t ransm ssi ons Lrom two or nore base stations tq inprove reljiability.
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services, the transmt power used to support soft handoff can be nore

ef fici ent| yathesemay yaryt framsusier (@ wepraddirtdabmservigas, dhe IGOT avayr bese pagmesérce and
other |ow Qgﬂnﬁ&e&’% fi‘n&&{émiﬁée @@&ﬂaﬁ fk‘ifici@ﬁcgﬁ?f;@%ada’i@h&nn%ﬂicqa&f s&QJH{meeégt I ons

typically use packet swtc techni que er than circul SW t
t echni §ies GQOF of 7 dats vomsivniTatidheydern as fypicgHypdpiuked ast the sotal deldyaincimesd ino
tail, The

which contrql informtion i.s ende s .header and/o

conbi nat 1 offearneitt &f ARsaEauPeaRRBIGT 185 rER e R Blio Bl duaP et s are
transm tted thr¥eghnahaysgeficant alifferefcedpdtayen aoiee isaitviced umhddataasviodyiseven

i nclude |1 ogs qf .one or rrultirphig{ ackets. 25 and/or, .qne qr nore pohbil\ans of a
packet . HDR2LHG fBTmRITeqpiEeR @religh! C%’?‘%‘PB&‘?@“‘?‘%‘? a‘fhl& Ip Hregmplary Aryi ng
del ayed pagdfifntnRatiosysteds ib PEIviRACKEIcT hdddoffS SHIERATIOES feSuIBNR!rBdundhite

del ay tol erance of packet data systens by scheduling transm ssions for

opti muhkd cHAMTEFSIQENEPM] Bes or MEre hascespERNISHENIMPreYfe reliahiidyy iowsaysr.tthis

mul tiple usgs; . Q¢ I : i i 0

ranon oo aaiord TURRRGH R, BEAREIRIAS ollipAudh fefpfe BEAGhackets, (i
dat a t o onesceived live errof tampbe refvmsmitted. aFari daga seFhices, thetranshoit pewer vsedi @bl e

delay, as {h | £ pl rs . i riori . know e.qf. the target
feci i ent, UReMSehoRh SRR % fticlR el it AmtiRg oG dhg, ' e
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encodi png, .etc. In ane. enbodj nent, rather than have each receiver estinmate
it T R N e T S Tl e

data rate gpfchea ihnRREBE fotdranomission! Atheata 1§ pPoupel atel snltdl batchedl&d whithned by
a scheduling algorithmand sent in a synchroni zati on nmessage.
control Information is appended as headér and/or tail. The combination of data and
control information forms a packet. As packets are transmitted through a system
various delays are introduced, and may even include loss of one or multiple packets
25 and/or one or more portions of a packet. HDR and other packet data systems typically
tolerate time varying delayed packets as well as lost packets. It is possible to exploit the
delay tolerance of packet data systems by scheduling transmissions for optimum
channel conditions. In one embodiment, the transmissions to multiple users are
scheduled according to the quality of each of transmission link. The transmission uses
30 all available power to transmit data to one of the multiple users at a time. This
introduces a variable delay, as the multiple users may not have a priori knowledge of
the target recipient, the scheduling of transmissions, the data rate, and/or the

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

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



Prior to requesting the data rate, the receiver determ nes an optinum data
rate, wherein the data rate may be based on avail abl e transm ssi on power.
The dataw@bm4ise9 5 proportional to the transn ssion powePCHEUd0/Io8o2qual ity
of the channel. As used herein, a conbipation systemis a system capabl e of
handl i ng both | ow del ay data transm ssions and packet data transm ssion.
In a conbi nati on system capabl e of handling voice and packet data
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24 may be referred to as an "access network™ for providing data

connect? vi Bprepd Speattiny Sysierst refaired roas dhe £dmadd prndard," 1o eothrr Res-yser

term nal V& Eion s exanpl e, the base station 22 connects nobile
stations 22 rglg longl}ﬁ Hﬁgnternet. 30 In a typical HDR system packet data

conmuni cati ons {Arpﬁckaddm spsteme20l isrilldu$ttated heFIﬂaI lecomiswmo&/ipii thet prowigelsei n

packet dat e vari .at' ns_26-28. one at
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connection. The base station 22 may be referred to as an "access terminal device" for
providing connectivity to users, specifically, one user at a time. Note that an access
terminal is typically connected to a computing device, such as a laptop computer, or a

25 personal digital assistant. An access terminal may even be a cellular telephone with
web access capabilities. Similarly, the packet data channel 24 may be referred to as an
"access network"” for providing data connectivity between a packet switched data
network and the access terminal device. In one example, the base station 22 connects
mobile stations 26-28 to the Internet.

30 In a typical HDR system, packet data communications proceed with 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
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

35 one user at a given time. This is in contrast to low delay data transmission systems



where nmultiple Iinks are maintained concurrently. The use of a single link
allows a higher transm ssion data rate for the selected |ink and optim zes
transm ssvonx41399 optim zi ng the channel condition for atpPCrPasti/se |ink.

I deal ly the base station only uses a channel when it is at an optinum
condition. 5 The user(s) of nobile stations 26-28 that expect data
service(s) provide a forward traffic channel data rate via a Data Rate
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while MBSO and Msi are not as strong. At tine t2 35 M5 receives the.
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MSi, wherein MSi uses the reverse traffic channel and the base station 22 uses the
forward traffic channel. If the transmission or connection fails or the transmission is

25  terminated, operation returns to IDLE state 32. A transmission may terminate if another
user within mobile stations 26-28 is scheduled. If a new user outside of mobile stations
26-28 is scheduled, such as MS;j, operation returns to INIT state 30 to establish that
connection. In this way the system 20 is able to schedule users 26-28 and also users
connected through an alternate access network.

30 Scheduling users allows the system 20 to optimize service to mobile stations 26-
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 MS0O and MSi are not as strong. At time t,

35 MSi receives the strongest signal, and at time t; MSN receives the strongest signal.
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a comunic tegptﬁd&kcumtmwn&mgf@&@lée@rd and reverse channels 72, and
25 with M3 56 via forward and reverse channels 70. For the HDR
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is ill USt réitg%n time, the mobile stations 58 and 60 (MS1 and MS2) use only packet data

services, the mobile station 56 (MS3) uses a packet data service and a low delay data

service, and the mobile station 62 (MS4) uses only a voice service. The base station 52

maintains a communication link with MS4 62 via forward and reverse channels 72, and

25  with MS3 56 via forward and reverse channels 70. For the HDR communications, the

base station 52 schedules users for data communication via packet data channel 54.

HDR communication with MS3 56 is illustrated through channel 64, with MS1 58

through channel 66, and with MS2 60 through channel 68. Each of the packet data

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

30 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 pilot channel is provided continuously, as is typical of low

35 delay data systems. The power used by the low delay data channel varies continuously
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becomes variable, changing with time. As the number of voice or low delay data
services changes, the number of codes available for transmitting the data changes.
As illustrated in FIG. 6, MS1 is scheduled during the time period from ty to ty,
25 and MS2 from t; to t;. During the time period from t, to t3, multiple packetized data
links are connected, including MS1, MS3 and MS4. During the time period form t; to
t4, MS1 is again scheduled alone. As illustrated, throughout the time periods to to ts, the
power consumed by the low delay data channel varies continuously, impacting the
power available for packetized data communications. As each mobile station calculates
30  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

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

35 Dbase station 52 provides this ratio to the scheduled mobile station(s) 56-60. The mobile
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Note that the packet data to a particular user is transmitted on one or multiple
pre-selected channels. For example, in one embodiment of a CDMA wireless
25 communication system, Walsh codes 16 to 19 are assigned to data communications. In

the exemplary embodiment illustrated in FIG. 8, a signaling message is transmitted on a

separate channel having a low transmission rate. The signaling message may be sent

concurrently 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
30 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
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

35 is potentially targeted for the receiver is buffered awaiting the processing decision(s).
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data rate. The data rate correlator 88 then generates the data rate for transmission via
the DRC. The functions performed in this portion of the mobile station 80 may be
implemented in dedicated hardware, software, firmware, or a combination thereof.

25 The T/P ratio may be transmitted using the parallel signaling channel as
illustrated in FIG. 8. As the receiver will determine the data rate based on the T/P ratio,
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 message is generated for the timing information. The

30  signaling message is transmitted in parallel to the data. In an alternate embodiment, the
signaling message(s) 1s punctured into the data.

FIG. 10 illustrates a 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

35 information received via the traffic channel, at step 102. The traffic frame is buffered at
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be punctured into one ar
receives signals via traffic and pilot channels at step 122. The mobile station(s)
determines a "pilot SNR" based on the received pilot signal at step 124. In the present
embodiment, the pilot signal is transmitted on a unique channel designated for pilot
25  transmission. In alternate embodiments, the pilot signal may be punctured into one or
more other transmissions on one or more other channels. In one embodiment, the pilot
signal is transmitted at a predetermined frequency different from the frequency of the
traffic channel. For packet data transmissions the base station and each mobile station
determine a data rate for transmission. In one embodiment the base station determines
30 the data rate and informs the mobile station. In another embodiment, the mobile station
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,
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el at i 4l yeRBHFOsier 4t eBile segivet Lttt Khroditd e andefinalTy et
broadcast @&y 122nd the power used for the pilot channel. Aternate

enbodi ments nmay | r’rBI enent other indicators of the )
The B/P ratio represents a constant that will typically vary relatively slowly over

time. The base station knows the ratio of total broadcast power and the power used for
the pilot channel. Alternate embodiments may implement other indicators of the

25  available power, such as using other expression(s) of the energy of transmitted signals,
the power spectral density of the signals, etc.

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

30  uses the calculated pilot SNR to generate a "traffic SNR" by adjusting the pilot SNR
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-

35 Interference (C/I) ratio or other indicator of the quality of the channel. In one



25 avail abl e power, such as using other expression(s) of the energy of
transmtted signals, the power spectral density of the signals, etc.
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consi dey ed EXnefepRndant erdugy ber EHip for tHeogrTialantlypiloe toneaieigiréspedtbrly, Gade
channel s, both with zero nean and vari ance N,. For the above descri bed

system rmdaéremaa estl gvare thd céﬂa@&_ﬁdﬁﬁg pEock&sin F&ahs I Aot tHa nBis¥e . avd 20 R=
p. (2) The Maxi nmum Li kel i hood (M.) estinmate of the traffic-to- pllot ratio

may be foupdaMdsifidered independent due to the orthogonality between different code

channels, both with zero mean and variance N,. For the above described system

model, an estimate of the traffic-to-pilot ratio is given as:

2 =.|—.
0 R 7 (2)

The Maximum Likelihood (ML) estimate of the traffic-to-pilot ratio may be found using

the following estimate:

R=

25
(3)
After some approximation, (3) reduces to:



the followng estimate: M:sJ2 M k=0 Mk=0 IMk=0 Mk=0 Mk=O M1 MI
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M k=0 Mk=O Mk=0 25 (3) After sone

1R MSk1mlX1M-12Mgklml (4 k=OP X11 k MZ P

Mrm m=0 k=0 nmrO wherein the constellation is assuned to have unit

averaged power. The estimates in (3) and (4) may be difficult to eval uate,
as the data sequence {pk },
included in the equations.x
that may be used in BP '
estimation al gorithm de
estimating the TIP rati

represgnting the tiransmtted sjgnal, is
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t he noi se \Mhélfeﬁﬂmecbﬂstélraﬁﬁhliédgsumé\dﬁbothaklbﬁmt Mefsgbdqﬂmlﬂthm defines an

estimate of the TIP ratio a

M1 Mr' 10 R=k - r

(5) Mk=o0 h h Zheeienaes in 5315%114)3"123/#46 dl?f’r?Pltrfe&VRMﬁéoas the data sequence

10

15

20

{sk }, representing the transmitted signal, is included in the equations. However, these

is a sufficient statistic that may be used in T/P ratio
rP

m

equations suggest that

estimation algorithm design.

According to one embodiment, an algorithm for estimating the T/P ratio first

: . r 18 . .
estimates % = +/Pc with h = w Zr,f and the noise variance N, from r”. Next the

m=0

algorithm defines an estimate of the T/P ratio as:

M-t t]? ) M-l ' \J
Re oS -Zes S e
M = h » M &1 M-l
k=0 .h k=0 Zp 1
TR Y
m=0 Mm=0

wherein the estimate of (5) is asymptotically unbiased. Note that an optimal estimate
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 a priori the specific format of the constellation.

In an another embodiment, a T/P ratio estimation algorithm estimates

R M-1
h=Pcwith & =% r? and obtains the empirical probability density function
m=0

(PDF) of x, = . 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
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

these M1 lijsxa sufiici ent statistic

, rapn al gorithm for
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located. This method assumes that the estimated centers are {d,} for k=0, 1,..., N-1,
20  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
Re[iZa d *]
R N - m—m
R= =

2l

(6)

m

Re[%Zamd;]

Note that the centers for the PDF function may be determined in a variety of ways.

25 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
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

30 applied, wherein for example, a feature may be a peak or a template based on an
approximation to the Gaussian PDF. Note also that image segmentation techniques,

such as clustering and region growing, provide methods for grouping the points of the



15 correlation function of the PDF, the position of the first side-Iobe
next to zero offset nay provide an estimte of the average period between

the centavoof/4tshe two adjacent clusters. In still anothepCEuboidiosent, the
N centers of the clusters of the PDF arg, first |ocated. This nethod
assunes that the estimated centers are {dk } for k=0, 1,..., N1, 20 and
the constellation points {ak } for k=0, 1, N1, arelnasarre or der.
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At a gi venedch %tlvéﬂaeell&ﬁ’@hﬂ allsmqmtmd plypottivmajppacket data channel are

referred to as "active r ivers." Each .acti recei ver .decodes the
! i ng eos BG40 GAGerimine RECHHPILADE GompyacaiE, &pida; dich

information is known a priori, including but not limited to, constellation information,
encoding scheme, channel identification, and power available for transmission of packet
20 data. Constellation information refers to the modulation scheme with which the digital
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 Amplitude Mapping (QAM), etc. The encoding scheme
encompasses aspects of coding the source information into a digital form, including, but
25 not limited to, Turbo-coding, convolutional coding, error coding, such as Cyclic
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
30 predetermined and fixed. The transmission power available for packet data
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
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information to the receiver. The message identifies the target recipient(s) and the
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,
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
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
The

The

communication system without degrading the quality of the communication.
signaling channel message may identify target recipient(s) information.
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



5 The use of a signaling channel, as illustrated in FIG 8, provides nuch
of this information to the receiver. The nessage identifies the target
reci pi entf@)2/ansdo t he channel (s) for the packet data tranBar/gseicesszThe DRC
information requests a data rate, specjfying the constellation and the
encodi ng. The provision of the available traffic 10 power indicator,
wherein in one enbodinent the indicator is a ratio of the available
traffic powét thesefrem, she drangifign) reeqivyesnyifarmationyihde asastprdhe Uraasmifer in
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separate paral st gnaling channel’, the intfornmation re to target
reci pi ent, consibid, asiwrvel aand empodedgmethodr amd nappaethsvifer higle datafrhiec
channel angd/ or .DRC .whil e }he i nformat.ion rel a:hi ng, toéﬁharll)ngl (g‘} anl
traffic 152POWETOH &} GdPEIPE PPIMEHSPPESYIEY AL O5at SFPdi0ed; gRbtifengre
channel5 Appnmplati embollinidhe dixbededendreinarddsaibedi aaliBma ofysefh) odhfi@at S
descri bed hgé‘fi nabove, a&l I gi/v for conbj nation of packet data wth | ow del ay
dat a t r ansFHEYIBRLS aff @RPlFaglefor FYe WHCESHREMTERCPHITCUR Methodas Togffeddt ed,

the combi ngfricRRAt &SmyBhieRioNs! e eRARHIEEy FREiMBIOHLEABed/Rth 2RDES tb BIDR I he
transm ssion process. The application of a 20 separate signaling channeling
provi des i h‘#tdrlﬁmﬂsgrbetQﬁflﬁﬁlé%temv@PbcquhﬁOnISa%MWe@gw, I8 nGSM.i BAMR.st em
wi t hout degrading the quality of the communication. The signaling channel
message nmay identify target recipient(s) information. The transm ssion of
an avalQ abl e t r &hdseof iskitliiv dheoart would urslesitandrthgrtbe daesinstnfotions tcommandst

assi sts the.receiver. 1n determning atarate to reguest. fromthe
transmtt elrn.f &g}arrlloP’asflgrﬁ/a,ls’ggtSV\ﬁ%mn&fl eantadr %}1 P (tiha‘?ﬁlaﬁyc%f oF 'egce&s%'&" Wo%}hﬁ pl e
recei ver s, abwive desonipeag hrecalvanthgdoasly aegtaseated®yOd ) Surkatd, Wb tomagitic 19
rate therefrom the transmtter receives information that assists the
transnittelar%y r%ﬁgF‘Bt(':%?‘le 9ty BRFERlCS s PRIFFAL HiglfiePls PRISICIES A Ok @PY Roabination

transm ssi @Bfot0 the nultiple receivers. Thus, a novel and inproved nethod
and aﬁfarat us for high data rate transm ssion in a w reless conmunication

systemhas beenTlrsscol BeH. Wowid| Birthee appregiainpiairtye oifpods idwratve degisald

herei n desgpiRe Smaq RV tiRift e hd VAESRHER s pp%'smpsi@rc%nﬁéeebh C@Rhemko any
W rel ess per-user connection nethod. To e ect efficlent communicati ons,

t he exenpl emyodimbuididasinsed bergos may hedimpleented pe electroni¢ibRydwane;tcomputeal so be

efficient | [ i .0 | 5 W@F@/A 1S-2 . TDIVA c, 10
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et erepped L qugiouty L., ahoke dessrl pli o an g e Tagsouely epLgset o
depends upon the particular application and design constraints imposed on the overall
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.

25 As examples, the various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodiments disclosed herein may be
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

30 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
module and a processor, or any combination thereof 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,

35 microcontroller, or state machine. The software modules could reside in Random



waves, magnetic fields or particles, optical fields or particles, or any
conbi nation thereof. 15 Those of skill would further appreciate that the
various iwbuozsrsedi ve | ogical blocks, nodules, circuits, PODUSHIgOBI2t hm
steps described in connection with the ,gnbodi ments disclosed herein may be
i npl emented as el ectronic hardware, conputer software, or conbinations of
both. The various illustrative conmponents, blocks, nodules, circuits, and
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(DSP), an ARplbineatkdiOfs P&Mih&ionNt@9haDEP GhiCy hﬁ&ﬁﬁ&kssoﬁ Bk ehd two
Programmabl e Gate Array (FPGA) or other programmmabl e | ogi c device,

di scret e gaueropiocesseniidh eemyundtionivath fiP§Bceregetiar dwar e 30 conponents such as,
e.g., registers i j uting
2 et of 't r e PregichS edchplibd 8 ettt eboddiREus & HeRER I Lo RS,
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( EEP , registers, hard disk, a renovable disk, a Conmpact D sk- ROM

(CD- . porciplgyanst navel featunssatisclessd Ag@itredi um known in the art. The
processor may reside in an 5 ASIC (not shown). The ASIC may reside in a

t el ephone (not shown). In the alternative, the processor may reside in a
t el ephone. The processor may be inplenented as a conbination of a DSP and
a mcroprocessor, or as two mcroprocessors in conjunction with a DSP
core, etc. The previous description of the preferred enbodi nents is
provided to enable any 10 person skilled in the art to nake or use the
present invention. The various nodifications




to these enbodinents will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other

enbodi newe omitshout the use of the inventive faculty. TheeT/UShSOpr2esent
invention is not intended to be limtedyto the enbodinents shown herein
but is to be accorded the w dest scope consistent with the 15 principles
and novel features disclosed herein. WD 02/41509 PCT/ US01/50892 21 CLAI M5
Il (WE) CLAIM 1. A wireless conmunication system operative for transm ssion
of packet data and 2 |low delay data on a plurality of transm ssion

channel s, the systemconprising: a first set of channels within the
plurality of transm ssion channels, (HAINSst set 4 of channels being
assigned to packet data transm ssions and packet data being transmtted in
frames; 6 a second set of channels within the plurality of transm ssion
channel s, 1{WE)&gaadNd set of channels being assigned to | ow delay data
transm ssions; 8 and a signaling channel within the plurality of

transm ssion channels, the signaling 10 channel being assigned to nessage
transm ssipns, Whek&éR cBARUINTRESAIRterh @pEYatild R t@nNARESH of ficRel BEDSld
recipient. 2. The wireless comunication systemof claim1l, wherein a first
nmessage? i slow delayndaie or a plusplity 19b transgiasipmehannels fhe syséHie GPIBAING Wi t h an
associ ated firsts {{rTag-R W ' fi

identifies a fi%?ﬁ%ﬁ?ﬁéﬁ%@fé’% ar geetlﬁ{rﬁ(eagl Di etﬁ{t"&?}sglg’é’ggfr‘rg{elesgﬁ’\?ﬁ?ﬁ&tehe first
packet data frame. 3of chiaenali baihgsssignediaipdcket davmtransstissionsfand ppadket datawher ei n
the first nmessage 2 | d ifie . et of the first set of channels
assigned to transm séﬁlgg&%'{s%lﬁ% ﬁ?gsj espacket data. 4. The wirel ess
comuni&at i on sy sdcen sdt of tlzdnmeld witkine thei plurahiey dfitraasmizsies ahennel, thdenti fies a

codi ng schene used for transm ssian,of the firs cket, data. 5.. A wireless
appar gt us operative W?W{Sﬁtf’ @QV&QWSPS%WMi?"??ﬂéy\ﬂft?éﬁaﬁg?s§oﬁﬁpar at us

operatigre to recei veaacket data via at | east one of the first set of
channels and to receive nessages via the signaling channel, the wreless
appar at us conpr & SERingshannel Mg 1 elusrlity of fransimissien pheorels, thasignglingei ved

via thg at |east onechnd)hRin dsibnsiftb mAbageNBRNE]sSion VAR LB nessage
PCT/ US01/ 50892

identifies a packet data target recipient.

2. The wireless communication system of claim 1, wherein a first message is
2 transmitted on the signaling channel concurrently with an associated first packet data
frame, and wherein the first message identifies a first packet data target recipient

4  associated with the first packet data frame.

3. The wireless communication system of claim 1, wherein the first message
2 identifies a subset of the first set of channels assigned to transmission of the first packet

data.

4. The wireless communication system of claim 1, wherein the first message

2 identifies a coding scheme used for transmission of the first packet data.

5. A wireless apparatus operative within the system of claim 1, the wireless

2 apparatus operative to receive packet data via at least one of the first set of channels and
to receive messages via the signaling channel, the wireless apparatus comprising:

4 a buffer operative to store packet data received via the at least one of the first set

of channels;



22 6 a processor coupled to the buffer, the processor operative to

determ ne target recipient information fromthe received nessages; and 8 a
decoder owoipt/edod o t he processor, the decoder operative tpCcTOEs@dEdsTat a
packets received if the wreless appargf us is a target recipient and
ignore data 10 packets if the wirel ess ‘apparatus is not the target
recipient. 6. The wirel ess apparatus of claim5, wherein the target

reci pi €nt i nf or frRtdcessonegupled t deabuffey, thepracpsser ppesatpiednidstermine Targetni r el ess

apparatus of claim GrCC#gg#%E}ggs SR kot B reei e d RERL Yes Sy @9e device coupl ed

to the processor, the orage device stori conput er readabl e
i nstrud i ons opedatodeecdupledantheqirotdisordibe ddarder operative ta desodeldatspackets

comuni cati on syste t.he temsupportin cket data 2 transm ssions and
| ow del ay data trang}f?fgléf?%ﬁiﬁeo\ygﬂseﬁsp pﬁ'ﬁa&fsiqf 5?361%“{?%313?3 aér’gi‘%‘?f’reglf'lténnel s, a
net hodigconpri si ng:  4pdckawshtht Wirkesp asikedtugiztnat tHeaargetsetipht. packet data

channels; and transmtting control infornmation associated with the packet
data via a signaling 6 channel, wherein the signaling channel is separate

fromthe sgt of TRAaGKEkess 4phAnkHIRMELS, %_@Féiﬂ‘ﬁﬁrtgﬂé& &Bgieﬁpﬂff%rﬁlatibmx%g”at i on

identifies a target 8 recipient of associated packet dat a. The t hod of
claim & widenéfymuliplegesipients. i nf ormation further identifies a 2 coding
schenme for the packet data. 10. The nethod of claim9, further conprising:
2 receiving data requests froma plurality of nobile units; and

det erm ni ng a t Thawitlesd appasoised elaimdac fother pgmpisingre dat a requests.  11.
The nethod of claim10, 2 assi.gnin riority leyel to each of the

ol ural i3y of mobMEEoRy}p@es BRYCE sbIF B ihe prosessoia e nRR SIS dEVSR ¢ ne
plurality of nobile siofiigcdimac roadablt ipstntiohyopeemble.to Yehtehl Al ddBder.

PCT/ US01/ 50892 23 12. The nethod of claim 11, wherein a high priority is
given to a nobile unit 2 experiencing less interference than other of the

plurality of nohi{ @ireneistc%mﬂ&icdﬁowsyﬁkﬁ,S&e%gQ&h%pmaﬂgpﬂ(&\/&té 0 receive
packet data via at |east one of the first set of channels, the wireless
appar atlus Eomprssiansgnd lpwdelardatatrappeissiens/ever o phuseliy wé traeyRisties via a
signaling ghanngla Aiflod Comprising:

4 transmitting packet data via a set of packet data channels; and

transmitting control information associated with the packet data via a signaling
6 channel, wherein the signaling channel is separate from the set of packet
data channels, and wherein the control information identifies a target

8 recipient of associated packet data.

0. The method of claim 8, wherein the control information further identifies a

2 coding scheme for the packet data.

10.  The method of claim 9, further comprising:
2 receiving data requests from a plurality of mobile units; and

determining a transmission schedule according to the data requests.

11.  The method of claim 10,
2 assigning a priority level to each of the plurality of mobile units; and
determining a traffic schedule among the plurality of mobile units based on

4 priority level.



4 determne target recipient information and coding information froma
recei ved nessages; and 6 a data rate determ nation unit operative to

cal cul at avaodatsedo rate i n accordance with the target reci pPCEUSOT/I08% mati on
and the coding information. 14. The appgratus of claim 13, wherein the
apparatus is operative within a wirelesS 2 comunications system
supporting high rate packet data transm ssions and | ow delay data

transm ssi bhs. The mphedapphimatlhswhirein high pEOrifyis ghven teomebllebniy: 2 a
buf f er fougylap%gﬁlgc(?réé ﬂ:?s PtdMfereet antﬁrzer%&ﬂﬁeeﬂluﬁﬂﬁf @{rhcﬁtglrcl:;@?@.t ore packet data

received vi east one of t Irst set "o S; 4 a decoder
coupled to the processor, the decoder operative to decode data packets

received if,the wireless apparatus is a target recipie and ignore data 6
backets i F1he. th FERESPRAREs aptty4 ®ade i kar i e Blleat She PR st
appar atais &t of tiinfitld 3he Wirkless fppafeud @ngigisigeci pi ent i nformation identifies
2 multiple target recipients. 17. The apparatus of claim 13, wherein the

codi ng i nf or mat ? BIPCESSOLPRSIRVEATGEELYCHLESEAZES Viardtighaling shampghandtoysed t o

encode 4 he packet dajdernfifdiai® 'i&:ii[ﬂeﬁthﬁfoﬁﬁﬂ%@éd&%oﬁﬂfgihﬂmmﬁbﬁ%s » 4 a
decoder coupled to the processor, the decoder responsive to the coding

information to decodeceizedmgssdggsaskdt dat a.
6 a data rate determination unit operative to calculate a data rate in accordance

with the target recipient information and the coding information.

14.  The apparatus of claim 13, wherein the apparatus is operative within a wireless
2 communications system supporting high rate packet data transmissions and low delay

data transmissions.

15.  The apparatus of claim 13, further comprising:
2 a buffer coupled to the processor, the buffer operative to store packet data
received via the at least one of the first set of channels;
4 a decoder coupled to the processor, the decoder operative to decode data packets
received if the wireless apparatus is a target recipient and ignore data

6 packets if the wireless apparatus is not the target recipient.

16.  The apparatus of claim 13, wherein the target recipient information identifies

2 multiple target recipients.

17.  The apparatus of claim 13, wherein the coding information is predetermined by a
2 transmitter and is used to encode the packet data, and

wherein the apparatus further comprises:
4 a decoder coupled to the processor, the decoder responsive to the coding

information to decode received packet data.



