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Field O the Invention The present invention relates to wireless

comuni cations. More 10 particularly,lthe invention concerns a nmethod and
apparatus for predicting power control requirenents for a suppl enental
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30 More regvﬂ? Sﬁarﬁéftem; such as the CDVA systens nentioned
above have fereg\éﬁ{eﬁrl services, such as providing both wireless voice
and data conmunications. To coor d| nate the inplenentation of such

services, Zhe Dedceiptinniafithe Retet Artruni cations Union requested the
subnjsssi on of Pfﬁaﬁﬁﬁﬂn Shitoday éiﬁm‘h%m%GT('s tOfhs WD réqlifed i X%Bel .
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Station-Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System,” hereinafter referred to as I5-95. The use of CDMA

20 techniques in a multiple access communication system is disclosed in U.S.
Patent No. 4,901,307, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS,” and U.S. Patent No. 5,103,459, entitled “SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR

25 TELEPHONE SYSTEM,"” both assigned to the assignee of the present invention,
and co-pending U.S. Patent Application Serial No. 09/382,438, entitled
“METHOD AND APPARATUS USING A MULTI-CARRIER FORWARD LINK
IN A WIRELESS COMMUNICATION SYSTEM,” each of which is incorporated
by reference herein.

30 More recently, wireless systems such as the CDMA systems mentioned
above have offered hybrid services, such as providing both wireless voice and
data communications. To coordinate the implementation of such services, the
International Telecommunications Union requested the submission of proposed
standards for providing high-rate data and high-quality speech services over

35 wireless communication channels. A preliminary proposal was issued by the
Telecommunications Industry Association, entitled “The cdma2000 ITU-R RTT
Candidate Submission,” incorporated by reference herein and hereafter referred
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Given the growing demand for wireless data applications, the need for
very efficient voice and data wireless communication systems has become

25 increasingly significant. One method for transmitting data in code channel
frames of fixed size is described in detail in U.S. Patent No. 5,504,773, entitled
“METHOD AND APPARATUS FOR THE FORMATTING OF DATA FOR
TRANSMISSION,” assigned to the assignee of the present invention and
incorporated by reference herein. In accordance with the IS-95 standard, non-

30 voice data or voice data is partitioned into code channel frames that are 20 msec
wide with data rates as high as 14.4 Kbps.

A significant difference between voice services and data services is the
fact that voice services have stringent fixed delay requirements. Typically, the
overall one-way delay of voice services must be less than 100 msec. In contrast,

35 selectively planned data service delays, even above 100 msec, can be used to
optimize the efficiency of the communication system. For example, error
correction coding techniques that require relatively long delays can be used
with data service transmissions.



overall one-way delay of voice services nust be |less than 100 nsec. In
contrast, 35 sel ectively planned data service del ays, even above 100 cosec,
can be us@@‘t‘@ﬁz"@ptl m ze the efficiency of the communi c HGTGHO wg:?em For
exanple, error correction coding techniques that require relatively |ong
del ays can be used with data service 3ransm ssions. WO 01/ 26246

PCTI USOQ' 27533 3 Sone paranmeters that nmeasure the quality and

ef fectiveness dat a transg‘% si ons arg t he Q@ fgm on del reqU| red
for transferri mPSe BAANGISEN Epat MEaRure hae g?b h TR SDESS &% €4% ¢ he
system AstrMIaslnwarabbwaanmussmmhyS@qmedl&wmsmg@tdmlncliehe sanme
I mpact i n gigd dhelavepdpe \E&t %{ETBP'tﬁ@ts‘yQ&rﬁs A Q@%n@@raﬁbv\éohce or
"voi ce- dat% commnl(?qtlo g_\el %‘z cannot . baﬁggnor,,e becayse t hey
are an i npoPRRSSIR: $4'8Y 1 srﬁ‘;%fslﬂﬂ"en e JRReft ip RE ggpraolce

comini cat ¢ammsixtation aBhié doesrfage V@cetmgﬁmmc&dtata” icommuhicetionvetilhf t he
ef fici encyqghyd Bemdeba i fﬁi ame%aaémhe R8P o&Lni H@m&m&saﬁhgon

e o bl chit S ”%%?t e RroR@BRteessn i rum

maxi m zed

val ue whi Ileeﬂestave sofy ithey affxelequm of ythpeddter mansmissiowi capability Lbrthehe

si gnal . Th@mi@nichién sylitéhi ty of transmtted voice-data or the non-voice
e neasure .of the

dat t b f tl d
Guaiioty of o r dusRcAs AgirFiosd SPhEvGRRURY sEeR, Fhec t BRI o (o)
at the receherthe fansmission enetgy ifombisignab ipkeptitda manimuemsvales Wivlepower

ConéI rol s%ﬁg@ Rih$ dhe q&amya é‘ﬁoﬁn&ﬁh’és lregehtéiforathléeéigmé'lerThatSQthea system
IS escripedd

t B 09 hod™ and
nppar ot us. SVIBERRRARTITHE! Yo PLEY by Wa2hit® Ra it b %%fﬂcan e?epﬁé‘ne
System " "degradeshwhen aeqeﬁ@daﬁmgmesm of the qualdity pf a reeidied; signal spthg
I ncaspor at @@riGyto-iateafeedtce ragb ¢CHI) at thd fecei®bd. RiRYR id ésirable @qdrbuidar syst ens

the 1 O BAHSHRER pARE chiefl o EHACHO b, JASAR 8016l KiERD v thin 2

coverage area 1ven
FDVA syst edtchy @ $yptem és ﬂ?&ﬂhﬁﬁ’c}ﬂ rd@%bmttéﬁhﬁﬁtm’ésl‘l% 54956448? entitled equency
channel s afMéthodt ane Apprats foruSentrbNirgAThardnibsicn Bdwér na CDMACDVA

he. Syst en THE T e%‘f;’ﬁ%*@%ét&“a‘%@ A Efiplch of G BbOnR iRERCE, | O
wi t B0an RemENEempOFAed KéefPW‘GF f¥i®n rate that can be supported the
forward |ink filbinwelkkhewn thiadin oeihilar systems gie €/R0f ady giwercogdrds g system
for transnfhbidifofthelodaBibfi of M REwifldhd doledgiafd GfiBrder to maintain a
given level of service, TDMA and FDMA systems resort to frequency reuse
techniques, i.e. not all frequency channels and/or time slots are used in each
25 base station. In a CDMA system, the same frequency channel allocation is
-reused in every cell of the system, thereby improving the overall efficiency. The
C/I associated with an RS determines the information rate that can be
supported the forward link from the base station to the user’s RS. An
exemplary system for transmitting high rate digital data in a wireless
30 communication system is disclosed in co-pending U.S. Patent Application Serial
No. 08/963,386, entitled “MEETHOD AND APPARATUS FOR HIGHER RATE
PACKET DATA TRANSMISSION,” assigned to the assignee of the present
application and incorporated by reference herein.
Because the C/I associated with a RS determines the information rate
35 that can be supported on the forward link, it is useful to know transmission
information for each frequency channel used and historic C/I information. This
information is commonly collected at the RS and messaged to the BS. But this
messaging uses valuable system resources. What is needed is an invention that




30 communi cation systemis disclosed in co-pending U S. Patent Application
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' Concurrently, the forward link voice-data transmission power levels are
monitored at the base location. The voice-data is transmitted to the remote
station using the first channel, more specifically referred to herein as a

25 fundamental channel.

In one embodiment, a dynamic transmission power value is computed
using various voice-data transmission power levels transmitted on the first
channel. This value is then used to select a desired slot for transmitting

30 additional data. This additional data is transmitted on a second channel such as
a supplemental channel, shared or not shared, using a desired transmission
power level and data rate for transmitting the additional data.

In another embodiment, the invention provides an article of manufacture

35 containing digital information executable by a digital signal-processing device.
In yet another embodiment, the invention yields an apparatus used to practice

the methods of the invention. The apparatus may comprise a remote station

and at least one base station that has, amongst other things, a transceiver used
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fluctuations with respect
e nature, objects, and advantages of the invention will become more

apparent to those skilled in the art after considering the following detailed
description in connection with the accompanying drawings, in which like
25 reference numerals designate like parts throughout, and wherein:
FIGURE 1 illustrates transmission power fluctuations with respect to
time in accordance with the invention;

FIGURE 2 illustrates favorable supplemental channel transmission
powers in accordance with one embodiment of the present invention;
30 FIGURE 3 shows a flow chart illustrating an operating sequence in
accordance with one embodiment of the present invention;
FIGURE 4a is a block diagram of a general configuration for a mobile
station used in accordance with the invention;
FIGURE 4b is a block diagram of a general channel structure used in
35 accordance with the invention;
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FIGURES 1- 7 illustrate examples of the various method and apparatus
aspects of the present invention. For ease of explanation, but without any
limitation intended, the apparatus examples are described in the context of a
20 signal processing apparatus that may be embodied by various hardware
components and interconnections. Further arrangements for these signal
processing apparatuses will become apparent to anyone skilled in the art after

reading the descriptions that follow.

25 OPERATION
1S-95 supports medium data (MDR) transmission of data by allowing a
base location (BS) to communicate with a remote station (RS) using up to eight
(8) forward links and up to eight (8) reverse links. Further advances have been
made allowing for even higher data rate (HIDR) transmissions using somewhat
30 similar systems. Generally, data can be more efficiently communicated between
a BS and a RS if it is transmitted at the lowest possible power level required for
maintaining the quality of the communication.

Transmission of voice-data generally relies on the large number of

35 uncorrelated users communicating with a base station and well-behaved
Markov voice statistics to balance both RF capacity and RF stability. These

large numbers of uncorrelated users results in a forward link RF transmit power
distribution that is predictably stationary and log-normal. Without this forward
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25 _

As shown in Figure 1, the transmission power level for voice-data
transmitted from a BS to a RS may vary with time. For example, at time 102 the
power level used to transmit voice-data to a user #1 from a BS is at a maximum.
At time 104, the power level required to transmit voice-data to a user #2 is at a

30 minimum. At time 106, the average voice-data transmission power level for

users #1 and #2 is at a minimum. In one embodiment of the invention, the slot
108 shown in Figure 2 is a favorable time, or slot, to transmit additional data on
the data channel of user #2. This determination is made using the voice-data
transmission power levels as measured at the base location. Selecting non-voice

35 data to be transmitted to a user on a second channel based on predicted BS
power levels for voice-data transmissions on a first channel maximizes overall
data through-put and does not require any quality metric messaging from the
RS to the BS regarding the second channel.



As shown in Figure 1, the transm ssion power |evel for voice-data
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time, or slot, to transmt additional data on the data channel of user #2.
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the non-\RAWSE- data aggregate to a value below the total allowable
transm ssion power. Figure 3 is a flow chart reflecting nethod steps 300

for one enbodi i network. -
The et hod st arﬁ@ﬁat %gtagiov&%ﬂﬁgﬁgﬁgfmﬁb Sg?%@%ese%l?ot ed I n task 304
f roﬁgg BS quhGaPTQSe“ A@Vﬂ}t’é)&?éﬁ oflf aﬁ%’i"‘? SPHS2YSEEP conpri se
voi ce and/302 andwlatasigmalsl atectrarisheittedrin taskl 304 frant a BS to a R&n sl discussal r ef erred.
to herein #%ve HHEd2mMidedClMANRlay comprise voice and/or non-voice data
transmitted on a first channel, also referred to herein as a fundamental channel.
A first channel is a portion of the Forward Link Channel that carries a
25 combination of higher-level data and power control information from the BS to
the RS. A second channel is a portion of the Forward Link Channel that
operates in conjunction with the first channel or a forward dedicated control
channel to provide increased data delivery services. A second channel is
commonly referred to as a supplemental channel, but could be a dedicated
30 fundamental channel.

As voice-data transmissions occur, the RS receiving the transmission
measures pre-selected metrics reflective of the quality of the communication
received. These metrics can include bit error rate as well as other commonly

35 used metrics. If the quality of the received signal falls off and remains poor, the
RS messages a representative value to the BS in task 308. This message may
indicate that an increase, decrease, or no change in transmission power for data
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performthe nethods. 5 Figure 4a shows a sinple block representation of a
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M5 401 uses a cdnma2000 RL to transmitloinformation to the base station.

Figure 4b shows a nore detailed block 10 representation of a channel
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such a way chhsder UbStd MRdwr b@ral My be recovered. In one enbodi ment the
signal "a" is split into three separate signals, each signal representing:

a sel ected data-type, and is transmtted using one FL channel Per _ _
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WO 01/ 26246iRGT/bIS@Plotlcodrectih %a" JsBd.0 DIFRRrERNTPESRIEY SmagT belatsad tippe.
Regar di ess de er}ntx]r?e Kow <’E‘I[l]egl%geupl'Elé\ncyhvef\iill be built into the signal. These encoded bits
are called symbols. The repetition generator 407 repeats the symbols it receives
a predetermined number of times, thus allowing part of the symbols to be lost
25 due to a transmission error without affecting the overall quality of the
information being sent. Block interleaver 409 takes the symbols and jumbles
them. The long code generator 411 receives the jumbled symbols and scrambles
them using a pseudorandom noise sequence generated at a predetermined chip
rate. Each symbol is XOR-ed with one of the pseudorandom chips of the

30 scrambling sequence.

The information may be transmitted using more than one carrier

(channel) as explained with regards to the method, above. Accordingly, a
demultiplexer (not shown) may take an input signal “a” and split it into

35 multiple output signals in such a way that the input signal may be recovered.
In one embodiment the signal “a” is split into three separate signals, each signal
representing a selected data-type, and is transmitted using one FL channel per
data-type signal. In another embodiment, the demultiplexer may split signal
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st andar d, SSXFERL P¥A sgmmesand,commynica 13 ISFate stagen OWhhndards rmay be
acconplished. 30 In the exenplary enbodi ment of Figure 5a, the wreless
comuni cat i on Feuecsa tillabealesSa FuRkibAlll block aisshinnt} oHNERARfrpf
i nformati Oe'PnBMH'C gr{-} istin u?she?ﬁ T rg orcl:e anéﬁuer ] ﬁy sno _t#gdrr?hogonal
spreadi ng SeqUEnce oatg‘_e lffé‘gffP?(‘L’b%SXs 0 Rf the RIeseLipRentigiigmbodied in a0y "ol No.
08/ 886, 60T m&mma@n @BViDAWO.I@ﬁESWMMESﬁHWtW tha SYSTEM "
assigned tc@ﬂ%hhﬁfw&&mn%&% o rpalesﬁa%:eaﬁmy Nt Bl RObHed DY
ref erence 0. Fi separ.at e..£0o nnel s “are trgnsmtted by the
wirel ess gom‘??r#(?%{gio\éﬁh%gv%g on. i[?‘eg’??q&r g’?ﬁ%ﬁ?g%‘ﬁ? COUESPORHSHRel 532, 2)
a time nul@hiesrkodimenptegnsistensifoppperatiowacrordingte theTIAIGHIY Sasdard IS-
95C, also referred to as IS-2000, or cdma2000 for CDMA applications. Other
embodiments of the present invention are useful for other standards including
25 the Wideband CDMA (WCDMA) standards proposed by the standards bodies
ETSIand ARIB. It will be understood by one skilled in the art that owing to the
extensive similarity between the reverse link modulation in the WCDMA
standards and the reverse link modulation in the IS-95C standard, extension of

the present invention to the WCDMA standards may be accomplished.

30
In the exemplary embodiment of Figure 5a, the wireless communication
device transmits a plurality of distinct channels of information which are
distinguished from one another by short orthogonal spreading sequences as
described in the U.S. Patent Application Serial No. 08/886,604, entitled “HIGH
35 DATA RATE CDMA WIRELESS COMMNICATION SYSTEM,” assigned to the
assignee of the present invention and incorporated by reference herein. Five
separate code channels are transmitted by the wireless communication device:
1) a first supplemental data channel 532, 2) a time multiplexed channel of pilot



12 and power control synbols 534,3) a dedicated control channel 536,4) a
second supplenental data channel 538 and 5) a fundanental channel 540. The
first suppbemsedsal data channel 532 and second suppl en@BETASYRER channel
538 carry digital data which exceeds the capacity of the fundanental
channel 540 5 such as facsimle, nultiyeedi a applications, video, electronic
mai | messages or other forns of digital data. The nultipl exed channel of
pil ot and power control synbols 534 carries pilots synbols to allow for

coherent demddpdwer comtrgl symbols §34,3) etvtedicated egntyal éhmt!aé 53¢, 4) poRcARl power
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decodi ng at t Base station appends a predeterm ‘ned set of tail blts
to the con@Wﬁ*@é@%ﬂj@eﬁ eSp date 30 menory of the decoder at the base
station receiver subsystem The nessage is then provided to encoder 516,
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WO 01/ 2624
symbols and provided on line 534 to modulator 526.

25 Message generator 512 generates necessary control information messages
and provides the control message to CRC and tail bit generator 514. CRC and
tail bit generator 514 appends a set of cyclic redundancy check bits which are
parity bits used to check the accuracy of the decoding at the base station and
appends a predetermined set of tail bits to the control message to clear the

30 memory of the decoder at the base station receiver subsystem. The message is
then provided to encoder 516, which provide forward error correction coding
upon the control message. The encoded symbols are provided to repetition
generator 518, which repeats the encoded symbols to provide additional time
diversity in the transmission. The symbols are then provided to interleaver 520

35 that reorders the symbols in accordance with a predetermined interleaving
format. The interleaved symbols are provided on line 536 to modulator 526.



13 Variable rate data source 502 generates variable rate data. In the
exenpl ary enbodi nent, variable rate data source 502 is a variable rate
speech e¥@8H¥624ch as described in U S. Patent No. 5, 4RQI/USM278%tit| ed
"VARI ABLE RATE VOCODER, " assigned to the assignee of the present invention
and 5 incorporated by reference hereid3 Variable rate vocoders are popul ar
in wrel ess comuni cations because their use increases the battery |ife of
Wi rel ess i on deV| ces and | ncreases system cap ty with mninmal

i npact on chPV% estate daty §arree, S02rigenerates ¥arablectate df?éal ndughe v
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frame basis. Full rate, uses a etermn maxmumn Its to

encode t heSQPAHuCaondevices aﬂ@ ARCTRagep SYﬁWG@%WMH% ARATt Funber of
bits to enpemeivelespkedrgualifyariter Telatommsemications fudustsr AssteiativreRss er mi ned

maxi mum nugha e ei ghth
he g edet mﬁﬁ&’fth@h{o%ﬁg ?quﬁafa{éergié gﬁ@:&ﬂ%ﬂg O}%fgtuﬁ: sﬁﬁ# gtanﬁﬁﬁﬁso oriabl 6
rate-date 5 P ’?ém% ese Hatighjeepte speedl tai | bit
gener at or @Mdemcadel thenspeeth slggekmrfatmpoﬁstMe apiee neferrad 3etas Gill eate) i C

r edundancyhfIhegk, diaker ¥tk 6B e h P4tk 'aEéerixgst HRE gevtepoﬁptﬁeé%&hﬁ Cfy acy of
he decod he. b ds f |
bits to0e et ine ameet éi’ﬁ?%“%ﬁ%o o oo

aFP ‘ﬁ eterm
<t fFaplegfsp Yﬁnqst?é‘ decoder
at the bastfremg by framerbasis. r Byt rate useen Rxewedamedanenuudamxﬁﬁ‘ﬁer ohi ch

pr ﬁgsﬁes Fisiesnves cénecsdénthe ﬁ@iﬂee%upﬁateqﬁeaq\a?ﬁtﬂéﬂg eﬁ%@@r‘ixﬁﬁgflaﬂﬁxnﬂ_ﬁ% encoded
synbol s ar op_gener a i ch provi

repetiti onr?lg?'f)?ﬁ eﬁ 3%&“5‘5@50‘{" E’ﬁg‘ 's%ﬁfgqr T3l u ﬁeﬁe?Pepr%?ﬁfédileo

i nt er | eavepredermined moxiewmonumberobbitntecenaade the framepamd] eighthirated

i nt er| eaviwgs fodien@ghthTie biedetdrRANEE nSBIRRIS ndinthd2 Tided efcodd e 540 to
nmodul at or é&ﬁe In the exenpl ary enbodi ment, nodul ator 526 nodul ates the
n

dat channel's” in accordance with a code division nultiple access
modéPation format 35 and provi des the nodul ated information to transmtter

(TMIR) 530, whiVitiablepiaid dte sate50D beswEdbd thedndbdéd SpEdch ERAALIRSCROE Signal
through dupleXfhitietatbr 504. CRC and tail bit generator 504 appends a set of cyclic
redundancy check bits which are parity bits used to check the accuracy of the
decoding at the base station and appends a predetermined set of tail bits to the
25 control message in order to clear the memory of the decoder at the base station.
The frame is then provided to encoder 506, which provides forward error
correction coding on the speech frame. The encoded symbols are provided to
repetition generator 508, which provides repetition of the encoded symbol. The
symbols are then provided to interleaver 510 and reordered in accordance with
30 a predetermined interleaving format. The interleaved symbols are provided on
line 540 to modulator 526.

In the exemplary embodiment, modulator 526 modulates the data

channels in accordance with a code division multiple access modulation format

35 and provides the modulated information to transmitter (TMTR) 530, which
amplifies and filters the signal and provides the signal through duplexer 528 for
transmission through an antenna. In IS-95 and cdma2000 systems, a 20 ms

frame is divided into sixteen sets of equal numbers of symbols, referred to as



transm ssion through an antenna. In 1 S-95 and cdma2000 systens, a 20 ns
frame is divided into sixteen sets of equal nunbers of synbols, reférred to

as WO 01/ 2%, nggtl)'/ USOQ 27533 14 power control groups. ddgudeghmsence to
power control ased on the fact that for each power control group, the

base station receiving the frane |ssuef a power control command in
response to a determ nation of the suf ‘ﬁci ency of the received reverse
link signal at the base station. 5 Figure 5b illustrates a functional bl ock
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a predet er rpaveat copirebetinmmpand in tegponss:to A detemminationpf mewéfm@wmf ithe

spr eadi ng %@wréégem%p@ﬁlgmemgmnt al channel data with a short
Wal sh_sequence (++-). The spread data is provided to relative gain el enent

544, fhi ch adj usts the gain of the spread suEpI enent al channel data
relative to theFigeegsb dllustratepid dtnehiohal dolec @egrm|059mempmé gain
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of sunmi n ower,. CO ro ol's
are provi g mir;"lﬁt F?e’sﬁﬂvﬁsdg’"slggdﬁgqg Emﬁaﬂﬂ‘a ety s%lr%%cﬁégrg Bent 546,
Control champelemerttal fharmeb\date dn @ecorndancs 3ath o Brﬁdetfaw% FE?P@FH-H&MS 20
whi C'?OCOVersé hidiRe S URhE eRéhplarg féamhmdﬁs 8pieadans Blefient 54spieads the

R b

sequence ( *aHS’rFmV-‘deé to Telative gatyelgment 544 pwhichrdjusty the gam ¢

el Iemsnt 5525% preddi st asilmét&al&ﬁahﬁelgmt@ rélativd® thp@ﬁengycrﬁrthe lpilocérahpmhrel_drﬁt a
relative r dvi)%l e ga| n
adj ust ed coﬁ#&% J]y%ab 'i% ?Ps(egr ovl ﬁ’sgé({alpﬁ%}ﬂ y\és}ﬁamﬁggaétglsﬁy roa

el emdht 5S4dirstsymining inpuieigumming glement o4 aﬂlh ‘?fs‘%’lé?gp%’ﬁf FBPtfa ta
synbol s, t hﬂu?ﬁﬂdﬁced(ijyttﬂio@arwim ehhecSBdrmel sesgmbshmmg inpat of ne

mul ti pl exequﬂ1 r control synbols and provides the sumto a
first input o It|p ler 562 and a 30 first input of nultiplier 568. The
second suppl enental channel is provided on |ine 538 to spreading el enent
552 whi ch cover €ohtrel chgimiek detat izlproviiedein tine 536 ko spreadingelemant Hié&

predgger m Qeg RPESALS Nthe QlipPIERentd] thEnfiCWatA i AeENdaNREt wiPreadi ng
predetermined spreading sequence. In the exemplary embodiment, spreading
element 548 spreads the supplemental channel data with a short Walsh
sequence (++++++++-—--—). The spread data is provided to relative gain
element 550, which adjusts the gain of the spread control channel data relative
25 to the energy of the pilot and power control symbols. The gain adjusted control
data is provided to a third summing input of summing element 546. Summing
element 546 sums the gain adjusted control data symbols, the gain adjusted
supplemental channel symbols and the time multiplexed pilot and power
control symbols and provides the sum to a first input of multiplier 562 and a

30 first input of multiplier 568.

The second supplemental channel is provided on line 538 to spreading

element 552 which covers the supplemental channel data in accordance with a
predetermined spreading sequence. In the exemplary embodiment, spreading

35 element 552 spreads the supplemental channel data with a short Walsh
sequence (++—). The spread data is provided to relative gain element 554,

which adjusts the gain of the spread supplemental channel data. The gain



35 el enent 552 spreads the suppl enental channel data with a short Walsh
sequence (++-). The spread data is provided to relative gain el enment 554,
whi ch adj Y@8126446 gai n of the spread suppl enental channePCHESM2758he gai n WO
01/ 26246 PCTI USOQ 27533 15 adj usted suppl enental channel data is provided
to a first summng input of sumer 55B The fundanental channel data is
provided on line 540 to spreading 5 elenent 558 which covers the

fundament al chanpel data in accordance with a_predeterm ned spreading
sequence. [BAusted sueplsmeanialchasaeldate is §E¢‘€d§d g a firsssemmBgginput ®ids t he

f undanment alsunimaenfSe. data with a short Wal sh sequence (++++----++++--). The
spread data is provi ded to relative gain elenent 560 that adjusts the gain
of the spread fy nt al channel data. The gain adjusted 10 fundanental
channel data is B ngamental chappelndatayisrpreyideshon line 540me spreasingent 556.
Sunmi §ig el elenent3H6 whm cobersdhe furdirieritalclspeel dataSincSidnt@wighannel
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SI GNAL VWAVEF, ehbhl Snidddh Lgly dr‘ll' [\Am&? LARS cho t he
assi gnee of %@se | nvent on and 1 ncor por eren 2rein
| ong PN se8B IR"Q B\AUFR fP Acfitst input °f23“11$®h? r 344 ﬂ%‘ﬂﬁ frstdrBus®d and

572. The shuodtiph¥t %66quence PNI is provided to a second input of nultiplier
570 pnd the short PN sequence PNQ is provided to a second input of

o 1 obpect i ve B0V EORHPIASR REaPo okt hppaeuionsie SHHERGOs, WmE Wbyl i ng

PNI tseq:J:a 2 (r:élfqu@m Shg;l‘ﬁ I’Ng;q‘eendﬁt? PNsarut BN)iscuged toesppenzt E[heedae.cmd\e Ingut s of

mul ti

provi Seq téxe'iﬁﬁl ?Snr?%lbgg er%?&ﬁ@%@fgﬁg Séglg%}{(;cggq’lﬁ ﬂ{ﬁ]m&é ufél'?i Slglgeu%ence from

ml t2|0p| e r 85 (acéea rovide a difional privacy. he generation of
pseudon01se sequences is well known in the art and is described in detail in

: U.S. Patent No. 5,103,459, entitled “SYSTEM AND METHOD FOR
GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM," assigned to the assignee of the present invention and
incorporated by reference herein. A long PN sequence is provided to a first

25 input of multipliers 570 and 572. The short PN sequence PN; is provided to a

second input of multiplier 570 and the short PN sequence PN, is provided to a
second input of multiplier 572.

The resulting PN sequence from multiplier 570 is provided to respective

30 second inputs of multipliers 562 and 564. The resulting PN sequence from

multiplier 572 is provided to respective second inputs of multipliers 566 and

568. The product sequence from multiplier 562 is provided to the summing

input of subtractor 574. The product sequence from multiplier 564 is provided

to a first summing input of summing element 576. The product sequence from

35 multiplier 566 is provided to the subtracting input of subtractor 574. The

product sequence from multiplier 568 is provided to a second summing input of
summing element 576.



to a first summng input of summing el ement 576. The product sequence from
35 nultiplier 566 is provided to the subtracting input of subtractor 574.
The prodweoosstéence from multiplier 568 is provided t PAUSMIRY summi ng

i nput of sunm ng el enent 576. WD 01/26246 PCT/ US00/ 27533 16 The

di fference sequence fromsubtractor 578 is provided to baseband filter
578. Baseband filter 578 perforns necessary filtering on the difference
sequence and prOV|des the filtered sequence tg_gain e nt 5

el enent 582 adfhe differgaceysgquepee frem §P]@§§§4t°éﬁa‘gﬂﬁ BV %Ftt‘h?a@éaﬁ adJ ust ed
signal to Blepsre)VBasebandFdter 78 ﬁfrh&rn&ﬁfsamp(fmemgtm thaedlj&xrenc&dj ust ed
o o ¢ HANEREIRAF Briid m&e&% Al @b OLHen 850, RO elfedine

unconver t et enen
sequence fﬁ%%a@l!iﬁfﬁ the ﬁ@n@n@eﬁ@ﬁsﬂ}&’r BE‘P‘G & %be Sé‘é‘eﬁﬁﬁ Ql%g’?ﬁeiltf’er 580.
Baselzand fubécﬁ{veli&@ 588! f Upﬁﬁnmea%r ypdorivieersi the gain didjtisted signalsiequence

and provi dgcgcowaencje Eﬁraeg%l,?ﬁ@w prov wwv1§§ﬁ e%ébrﬁﬂe%ﬁm 584

adjusts the g gai n- a usted signal to
upconverte$1g8@8°al§H§UﬁP§F9fg§“%B‘ s the gain adj usted signal in
accordance with a QPSK nodul ation format and provi des the upconverted 15

signal to a se a%%géumce%s ang&@%‘?%es ; biddd @b ®EHand90 suns

the two QPSK nodu ul t toa ansmtter

(not10 showfilter $§Pni GHEW? tigtar; it Beiéarma Weﬁ?ﬁ,s?% ermgogﬁ ‘H 5 of
sel ected aéa;upﬂfet m@pro)fﬁdes theiﬂe@a&equm@&ﬁ gain elament $84. Lsaivetranerd with t he

devi ce 50004 Bt R e aﬂ‘gﬁf‘i"g‘éﬁ%é jaegsagas toun cat i on
downconver BBeQ W@rteFe%grv HC?%‘(Féf%eﬁg ‘r‘écﬁi’egisgﬁﬁ ut‘oal%lﬁseé%% e%ml IC}H

f r equency. adcorddreeewithp QPﬁK mmldabhtrmnfomraé@endvpro‘@@@ thevwpeamyeseds t he
recejsved Sélgﬁﬁl to'a kedbrv P Wnh{ing @ledndd?S50 dSﬂﬁﬁNh kléﬂi’eﬂt@(mﬁms _
Denodul at or,~604 @9&& de tes 1t he baS@b glb eﬁ We?kr%t 604 is
further de@'@r ’Ho 5%3?81‘*%.}’58}? S o B8 nodul at ed
signal is ghawm)ded to accunul ator 606. Accunul at or 30 606 sums t he synbol
energies of the redundantly transmtted power control groups of synbols.

The acounl at e sygbole & SHOkSLED 6Bl ¢ ALBKVIEN|IBrgkdh oSt SAUSIAO08 and

reordered in a é) n de- ormat. The
reorder ed Bqlrtmssofalﬁeb%ﬂeoﬁfﬂéléﬂ Q9 ircehemn i pceprdance with the ‘present

invention. Reverse link RF signals from the wireless communication device 500
(Pigure 5b) are received by receiver (RCVR) 602, which downconverts the
received reverse link RF signals to an baseband frequency. In the exemplary
embodiment, receiver 602 down converts the received signal in accordance with

25 a QPSK demodulation format. Demodulator 604 then demodulates the
baseband signal. Demodulator 604 is further described with reference to Figure
6b below.

The demodulated signal is provided to accumulator 606. Accumulator

30 606 sums the symbol energies of the redundantly transmitted power control
groups of symbols. The accumulated symbol’s energies are provided to de-
interleaver 608 and reordered in accordance with a predetermined de-
interleaving format. The reordered symbols are provided to decoder 610 and
decoded to provide an estimate of the transmitted frame. The estimate of the

35 transmitted frame is then provided to CRC check 613 which determines the
accuracy of the frame estimate based on the CRC bits included in the

transmitted frame.



decoded to provide an estimate of the transmtted frame. The estimte of
the 35 transnitted frame is then provided to CRC check 613 whi ch deternines
the accuW@M2@M6the frame estimate based on the CRC bi FETUIMAIRI] in the
transmtted franme. 1,17 WO 01/26246 PCT/ USOCQ 27533 17 In the exenplary
enbodi nent, base station 600 perfornsl7a blind decoding on the reverse link
signal. Blind decoding describes a nethod of decoding variable rate data

in which the rffce' ver does not knqQw a pyiori, the é@te f the tr.aélsm' ssi on.
In the exenpl at%y BRFSEPHRAT, © ment,; Bapespten, 600, BT aPhind or | caves
and decodeecodiagdat the revacseolinlasignali Blindadérodpng diebiribes methgbofiesi s. The

frame sel %E@&ing%aﬁrﬁﬁlebfa%é d88! ifhich thel@38&PeLBoes MG ko MBbFibAIhe uCh as
t he synbol erir)rgt rate, and the

t he check amanoto ., netric. An
estinmate ofte Plothe Hapsmissian, nrtgFé*"ﬁ € °H§“ﬁw@\ha&8§tattborb§a?rol
pr ockssor aéhimalulesa deintediavesabnd \derodes tise tata émekcardanbe with edch
esti mat es dossipf e RyputhEa. TRIGHIrY sBBHGS thi Yool BtiniteidiBgsdd16n Sy DO
error rate, fhe Ya to tr'lﬁé’ gnd t he %ﬁ&?@@ Cogtr{_;‘)ég Ig\roc ssor
sel ectivel‘l}‘ati'fyo‘ﬂems“ & O SYmOoLRTaHEe 1Y ck gad theYemamole | on user
or decl armseteicframe 15 erasure. In the preferred enbodi nent, denodul ator
603 shown in Figure 6a has one denodul ation chain for each information

chapnel . An ex | ar d dul at qr 60 rfor conpl ex. denpdul at i on on
si ghal's nodul a%%ﬁ%?gg%ﬁ%?%?ﬂcﬁdg hypgthesiyis ré’\‘/’f‘ge?s?ym 50, | bed,
recei ver (ERewRyordlZ andoweri@fvquality metrigscforieadhiof ecoded ertimatesiignal s to a
baseband fQIROpRIVEded. DRRAUYE ndritd 8t thaP 3EARAEGhe isGhMoP erfde SRS aRer s 614
and 616 res ectltvelgt . %g@p%‘ea(g@:hﬁfl d%%%)aseband s%%g‘gl ) US"ripg t he | ong
code from ﬁ%@ﬂ%"g&_ ricglid e TR icheds sSCPREPY PROFESSOR FERSHVEIE REQYIERY o)
filter thene ofrtheQléreded frames to sheremote Blatipneusrsr er declarasda drame

respecti velgsudespread the | and Q signals using the PNl sequence of Figure
5b. Simlarly, despreaders 626 and 628 respectively despread the Q and |
signal s using the PNQ sequence of Figure 5b. The outputs_30 of despreaders

622 and 624 ar bn terprefrsted embodiment dgpodulpter 3tshewnpin Figusepahaer 628 is
- subt r act ednkr demblalaionDdhaidf féte epcledelfrntatibr Rhaanél NnAn &@nplahe

respecti vy piiiRiiSr 83 S oinSial dBRdaiRRiod éh il Widdiated by an
20 exemplary modulator. As previously described, receiver (RCVR) 602
downconverts the received reverse link RF signals to a baseband frequency,
producing Q and I baseband signals. Despreaders 614 and 616 respectively
despread the I and Q baseband signals using the long code from Figure 5a.
Baseband filters (BBF) 618 and 620 respectively filter the I and Q baseband

25 signals.

Despreaders 622 and 624 respectively despread the I and Q signals using
the PN, sequence of Figure 5b. Similarly, despreaders 626 and 628 respectively
despread the Q and I signals using the PN, sequence of Figure 5b. The outputs

30 of despreaders 622 and 624 are combined in combiner 630. The output of
despreader 628 is subtracted from the output of despreader 624 in combiner
632. The respective outputs of combiners 630 and 632 are then Walsh-
uncovered in Walsh-uncoverers 634 and 636 with the Walsh code that was used
to cover the particular channel of interest in Figure 5b. The respective outputs

35 of the Walsh-uncoverers 634 and 636 are then summed over one Walsh symbol
by accumulators 642 and 644.



uncovered in Wal sh-uncoverers 634 and 636 with the Wal sh code that was used
to cover the particular channel of interest in Figure 5b. The respective
out put s 35wefetizkas VI sh- uncoverers 634 and 636 are then pgmiEst; 20438’ one

Wal sh synbol by accunul ators 642 and 644. WD 01/ 26246 PCT/ US00/ 27533 18
The respective outputs of conbiners 63ggand 632 are al so sunmed over one
Wal sh synbol by accunul ators 638 and 640. The respective outputs of

accurul ators 638 and 640 are then applied to pilot filters 646 and 648.
Pilot filters &&&msphcﬁﬂeogmsafeomblm 630edrich68dret diso s:tranmdlowenndi tions
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The out put m#perpnpb&tpumbf a@hn&ﬂaiﬁmzl andstddtin zotrgdex modhtipliners 650 pod of_
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558 and 660 are.conb at ed si gnal
of int erestresﬂhﬁgﬂfpt"és? RCCURREAOTS chﬁ’é’? rily
ski | led ar t656arThe dwiputngf dompleve mafttiplierf65etis themi swhmed veithiithe ontpubghi ze t hat
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Simlarly, rl%n rﬁgtfdrg? @ge ﬁﬁ%ﬂrﬁf b@rﬁék%lrﬁ g‘H’qleﬂs&g ’[é)b ar at us
exanpl e, aly, theowprisorfaonbiners Sh8 and S60ratacprebinad in cmlzmesﬁ

Fi gure 6D, ﬁ&u&&h@%ﬁbﬂﬁ[&t&uﬁ alofiengt.el ement 626 even though they are

shovvgsas séparate elenents in the functional diagram 25 Signnal-Bearin
The et hods described above may be inplenented, for exarrpl e, by

operating a bas&espite Hamsperifiséerageing desqriptiens, srd insetly skilledaartisans

i nstruct i onawinglihe beneéfitf ihis diissuf@will ffbgRize thatahe aparalipadisdissal gnal

bearing medyg, 'n@?,m SmplERAEl inCD s Eﬁ%?bﬂ?ﬂ?ergﬁt EG BRI WRRogPNCET NS 2

pr ogr ammed Icle o ure, conprisi Si beari ng
medi a t anglng?r"lﬂﬂ)% ithg S@ppemfdbﬁ DFesENt IMYSRtioR.- Piaipl gfo F’Ef‘ég‘i"g'hs
exec20 abl e nwy be diegélopéd.s iAgrabpecific apparatus example, one of the components

such as summing element 622, shown in Figure 6b, may be combined with

summing element 626 even though they are shown as separate elements in the

functional diagram.

25 Signal-Bearing Media
The methods described above may be implemented, for example, by
operating a base statjiori to execute a sequence of machine-readable instructions.
These instructions may reside in various types of signal bearing media. In this
respect, one embodiment of the invention concerns a programmed product, or
30 article of manufacture, comprising signal-bearing media tangibly embodying a
program of machine-readable instructions executable by a digital signal
processor to perform the methods discussed above.

The signal bearing media may comprise any type of digital data storage

35 media. For example, this storage media includes an application specific
integrated circuit (ASIC), a digital data or optical storage device accessible by

the base station, electronic read-only memory, or other suitable signal bearing

media. In an illustrative embodiment of the invention, the machine-readable



processqr to performthe nethods di scussed above. The signal bearing nedia
may conprise an%Etype of digital data storage 35 nedia. For exanple, this
storage netP% | udes an application specific integratRel/BsW0ZEY (ASIC),
a digital data or optical storage device accessible by the base station,
el ectronic read-only nmenory, or other 19uitable signal bearing nedia. In an
illustrative enbodi nrent of the invention, the machi ne-readabl e WO 01/ 26246
PCT/ US00/ 27533 ..19 instructj ons, may con?rlse sof t ware obj ect code, conpiled
froma | anff 3‘&8 tiQnimay semprisesoftyare objact gade, compiled frama ge SER
EMBODI NEI\FF&G,QW(EH,ththedemgdaﬂgu&g@om what are presently considered to
be exenplary enbodi nents of the invention, it will be apparent to those
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3. A signal bearing medium tangibly embodying a program of

2 machine-readable instructions executable by a digital signal processing
apparatus to perform a method for predicting a favored slot for transmitting

4 data in a wireless communication system, the instructions comprising the

method steps of:
6 transmitting signals containing voice-data between a base location and a
remote location;
8 measuring at the base location transmission power levels for voice-data
transmitted via at least one first channel;
10 determining a historical profile for the transmission power levels; and

using the historical profile of the transmission power levels to select a
12 second channel transmission power level and data rate for transmitting
additional data.
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5. An apparatus used to predict a favored slot for transmitting data
2 between a base location and a remote station in a wireless communication
system, the apparatus comprising;
4 a base location communicatively coupled to a remote station, wherein
the base location may communicate with the remote station using more than
6 one channel, the base location comprising:
a transmitter, the transmitter capable of transmitting voice and

8 non-voice data signals between a base location and a remote station; and
a digital signal processing apparatus communicatively coupled to
10 the transmitter and capable of executing instructions to:
measure at the base location transmission power levels for
12 voice-data transmitted to the remote station via at least one first
channel;
14 determining an dynamic transmission power level for
transmissions made via the at least one first channel; and
16 using the dynamic transmission power level to select a
second channel transmission slot for transmitting additional data
18 to the remote station.
6. The apparatus in accordance with claim 5, further comprising:
2 a measuring means for measuring at the remote station transmission

metrics reflecting the quality of voice-data signals received from the base
4  location;
a messaging means for messaging to the base location a value indicting
6 any change or non-change in the voice-data quality; and
a means for adjusting or not adjusting the transmission power in
8 consideration of said messages regarding voice-data quality.



