APPARATUS, AND AN ASSCOCI ATED METHOD, FOR FACI LI TATING COWUNI CATIONS IN A
RADI O COMMUNI CATI ON SYSTEM THAT PROVI DES FOR DATA COMMUNI CATI ONS AT

MULTI PLE DATA RATES 5 The present invention relates generally to a manner
by which to facilitate conmmunications in a radio comunication systemthat
provi des for data 10 comrunications at nmultiple data rates, such as a CDVA
2000 cel lular comruni cation systemthat provides for-1xEV-DV data

comuni cation services." Mre particularly, the present invention relates
to apparatus, and an associated nethod, that provides a pilot, or other
control, signal, of levels related to the data rates at which the data is

comuni cat ed. ARMaL i’l‘iﬁ) (i)ﬁ, ¥ s
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signal is of a level

conmmuni cat edS the need otherwise to sglAe a hi ghest power |evel
corresponding to a highest data rate, best to ensure successful 20

communi cation of the data, is obviated. By permtting operation at reduced
power |evels, |essened anbunts of power are consumed during

communi cations, and inproved system perfornmance and capacity are

perm tted. BACKGROUNI pofefiiivehfidrrblifeOptnEntiytond maineoby which ®Ticiiaie endenic in
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comuni cati on Boad pastivuladly, theiptesentiaearion RN wNippaitiug and bakdsedatbd1t er connect ed

by way of a co ni ion.. channel . .Data i.S.co i cated by the first
communi cat i on %ﬁﬁ,gﬁatt PLOX}AgY 4 RIPL(O8 Other c"&“%le%aﬂgy@f"gi Y‘%‘ﬁd @ hedalz second
conmuni cat i on siteati which the tistn lsadminmnitsied Wherethy dft@rate at which data is

15 communicated is changed, the levels at which the pilot, or other control, signal is

generated correspondingly changes.

Because the pilot, or other control, signal is of a level matched with the
data rate at which data is communicated, the need otherwise to select a highest
power level corresponding to a highest data rate, best to ensure successful

20 communication of the data, is obviated. By permitting operation at reduced power
levels, lessened amounts of power are consumed during communications, and
improved system performance and capacity are permitted.

BACKGROUND OF THE INVENTION

Communication systems are endemic in modern society, Communication

25 of data pursuant to many varied types of communication services is regularly
needed. A communication system is used by which to effectuate the
communication of the data. Due to advancements in conﬁmmication technologies,
new types of communication systems are being developed.

A communication system includes at least a first communication station

30 and a second communication station interconnected by way of a communication
channel. Data is communicated by the first communication station, referred to as

a sending station, to the second communication station, referred to as a receiving



station, by way of the conmunication channel. Data that is to be
comuni cated by the sending station is converted, if needed, into a form
to permit the data to be conmunicated upon the conmmunication channel. And,
the receiving station detects the data comuni cated upon the conmuni cation
channel and recovers the 5 informational content thereof. A radio
communi cation systemis a type of comunication system In a radio
comuni cati on system a radi o channel, ﬁiﬂ ned upon a radio air interface,
forns t hecomrunicati-on—channel interconnecting the sending and receiving
stations. Conventional wreline conmunication systens, in contrast, require
the 10 use of fixed, wireline connecfions extendjng between the
communi cat i ons SHgE;bYfaY of Bis fompIRIGaliog chaspsly Dataibat idake poremmeniastedc hannel . A
radi o comuni cadyitRdsehdifid SEANIOYInatedYidhiasts iy B B&mithcARib St to a
wireline counterpart, Initial installation and depl oyment costs associ ated
with a radio COMRYAICEST PRAT tagcomumynigationdarnch) Axd, B‘é§§c°t"ﬁ’e¥r$tatlﬁe cost s
required to i nsfesbts thbYaRRImARRIMNEd GponWd RERRAMALLIG iRl ilSeHAgEHpPi cati on
system And, a radio comunication system can be inplenented as a nobile
comuni cat i of SyEmEstions cotentéheredhe or nore of the comunication stations
oper abl e therein i s AngdiRbhniciRRisjskdaYis sy Bk botuRiniGRBRMRRRL PN System is
an exenplary type of nobile radio 0 comnmuni cation system Cellul ar
comuni cat i on d4e etmERcANon gien, 4 &adig ghagpel, definsd ypena radiogivinftéréant porti off
of the popul at ggniRASmRfum dBoVHahithi ﬁ&%oha&ﬁngmeéun@mg%ﬂe%ihgve' s of
usage. A cellular, radio communication systemis a nulfti- user- conmunication
system i n whi cHtefieRsi SOBRHERAL Mielinscomeupicyion sy sienes, i qontrast, resuine thei t y of
mobi | e st at §®nsse JfHxER MR SRIBUHMSAInSg Birwd i thEcMufi@lithssBrior .
effectuabl e by way of the nobile stations. Mbile stations are sonetines of
sizes to perniupon Wairh todsfivethe epmmunipationghanngl. users of the nobile stations.
A cel lular radi o CORMb EGHhhORcadak f@niﬂ}&l'i&gg%ﬁriﬂ@aﬂ%ﬁ L basdliyst ure  that
is installed throughout the geographical area that Is gncorrpassed by the
commruni cat i on $y¥dreling coyplsimag. &nitaliinsklatiopapdéiployment dests assbdialedawith a
communi cati on 3 yhk AR GATHAIAALCeenBUIVRY Bin hEClR <& it LN Dase

e networ ure of the

stations that formparts of the nel I'nfrastruc
conmruni cati &h gp@{l@ a corresponding wireline communication system. And, a radio

communication system can be implemented as a mobile communication system in
which one or more of the communication stations operable therein is permitted
mobility.

A cellular communication system is an exemplary type of mobile radio

20 communication system. Cellular communication systems have been installed
throughout significant portion of the populated areas of the world and have
achieved wide levels of usage. A cellular radio communication system is a multi-
user communication system in which radio communications are provided with a
plurality of mobile stations. Telephonic communication of voice and data is

25 effectuable by way of the mobile stations. Mobile stations are sometimes of sizes
to permit their convenient carriage by users of the mobile stations.

A cellular radio communication system includes network infrastructure
that is installed throughout the geographical area that is encompassed by the
communication system. Mobile stations operable in the cellular communication

30 system communicate, by way of radio channels, with base stations that form parts

of the network infrastructure of the communication system.



3 Base stations are fixed-site radio transceiver that transceive data with
the nobile stations. The base stations are installed at spaced-apart

| ocations throughout the geographical area enconpassed by the

comuni cati on system Each of the base stations defines a cell, fornmed of
a portion of the geographical 5 area. A cellular communication systemis
so-cal |l ed because of the cells that together define the coverage area of

t he conmuni cati on system Wen a nDbiIeditation is positioned within a cel
defined by a base station, comrunicationhs are generally effectuable with

t he base station that defines the ceII Due to the inherit mobility of a
nobi |l e station, the _nobile stafiaqgn.m 10 tra bet ween cel | s defined by
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relatively Iomagamef@érmew&abéaga%qomefe&nﬁﬁﬁ%ﬁtﬁh%t&& ef fectuate
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stations are suit ab™hepaaiobilesiaionds positioned withia p selidefingdhta haseodiationns.

Hand- of f s of 2%&&%&&&@%@%@@@%&%&&1&%&1@9&%%@?{&1@&%@ﬁ&%ﬁﬁi ons permi t
conti nued communi cat 1 ons, Wi t hout neceSS|tat|ng I nCreases I n the power

| evel s at whi clfel-Hiaue todhainharit mobi§ty ofipgrebile station, the mebile station mightd, because

the si gnal s1¢ hadaydl betweSass %ﬁ@d@ﬁ@iﬂ%&h&@@@ﬁﬁé&%s&ﬁh&ﬁ%&ﬁm pied |evels,
the sane radi o channels are able to be reused different [ocations of

the cel lul ar cGﬂ‘ﬁﬁHP’&ﬁ’t"i“ﬁ)Wl@%tn&lﬂle qth@“ZSP‘PF’é&h@mﬂh sppupetietipahdndcat ed to a

cel | ul ar comm@ﬁ%de&ﬁeﬁaeav&m&easﬂeaﬁéaxsfmefbage%taﬁaﬁslaéﬁm%{hbzed A cel l ul ar
comruni cati on systemis constructed ener al % qiﬁltEae op rabl e pursuant to

an operating speSFFIVeanesah thercels tropgh ‘(Y’Elplaﬁle trpwses. Theenghar d
Successi ve genﬁﬁﬁhﬁmp&fm&ﬁgm&ﬁé%hﬁﬁbn%ttﬂé‘ﬂlﬂﬁl%téﬁﬂﬁ%ﬁéﬁe%& devel oped, and

30 operati n%] speci fications i ning their operational paraneters have been
positioned within the area encompassed by the communication system, shall be

=1}

within communication proximity of at least one base station.

Only relatively low-powered signals need to be generated to effectuate
communications between a mobile station and a base station when the base
stations are suitably positioned at selected spaced-apart locations. Hand-offs of

20 communications between the successive base stations permit continued
communications without necessitating increases in the power levels at which the
communication signals are transmitted. And, because the signals that are
generated are all generally of low powered levels, the same radio channels are
able to be reused at different locations of the cellular communication system. The

25 frequency spectrum allocated to a cellular communication system is thereby
efficiently utilized.

A cellular communication system is constructed, generally, to be operable
pursuant to an operating specification of a particular communication standard.
Successive generations of communication standards have been developed, and

30 operating specifications defining their operational parameters have been

promulgated. First-generation and second-generation cellular communication




pronul gated. First-generation and second-generation cellular comunication
4 systens have been depl oyed and have achi eved significant |evels of
usage. Third- generation and successor-generation systens are undergoi ng
devel opnent, standardization, and, at |east with respect to the
third-generation systens, partial deploynent. 5 An exenplary
third-generation cellular comuni cation systemis a system that operates
pursuant to the operating protocol set fgrth in a CDVA 2000 operating
specification. A CDVA 2000 cellul ar conmini cati on system constructed in
conformty wth the CDMA 2000 operating specification, provides for

packet - based data co icafion servyices,. 10 Varj ous technol ogy_ proposals
by which to ef f%}’é‘i"{}lagg‘}é@& Rﬁgﬁfﬁngx‘a‘(ﬁacmﬁ‘é%ﬁéﬁmﬂ(?%tiev&{s ofiPsaee- ddiE- r ates i n
a CDVA 2000 congsueiatier dndBuctyssbegenbration sysiens arp uaRamaG deBlopmieafn)sM tting dat a
at high data rates, .increased. anounts of data are able to be comunicated
in a given timeSfuAdizatonnd, dtleast with wspegt to Fi-generadon syatems, eartitls one such
proposal . And, ddpymbht. 1XEV-DO data conmuni cation service is another such
proposal . These dat conmmruni cati on services provide for the conmunication
of data at ardy of sgz‘b‘i’%‘i"?la‘g gogration cpllplat ersamumicgtionsystensrisa yei6Wi di ng f or

such comuni cat th@ifopsicy piSanetb ¢he operaBAg pFBBcdl 86t esriad alcDOMA 208 Ng mul ti rate
communi cati on systens. %%é? 3857"””' cation systens that permt data to be

comuni cat ed atOPgFnG Pl DALY pellulappammmpicatipnsvssmar e al so

someti mes ref erdopginicRd @bcofiniBy With tHe TR 2000 opefithf %P&i%cat@ﬂ,tﬁowfi@etse systens.
In the CDVA 2000 systemthat provides for nultiple data rate comrunication

services, data Predckstdased dpfa compmuuisation SEWICPSs communi cated at  sel ected data

rates on reyerse |i ngfioustaholbgy frépdsaly by Wiichtd dRbwbiS SRRTMAERLET by a 25
nmobil e station to a network portion of the conmmunication systemis

cormmuni cat ed upRffke dsia gidvehedata raigs waLDMA 2000 gommunicetiansygigmchayehesn A pi | ot
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infrastructure along with the communication of the data. The pilot signal
i s communi cat ecblffBRe sprBNpigated in B BivER U RETIOE] | and the data is communi cated

upon a data channel .hd hgEVADVataSdofth@inication service is one such proposal. And, the

15 1xEV-DO data communication service is another such proposal. These data

communication services provide for the communication of data at any of several
selected data rates. And, systems providing for such communication services are
sometimes referred to as being multi rate communication systems. Other
communication systems that permit data to be communicated at any of two or

20 more different data rates are also sometimes referred to as being multi rate, or
multiple, data rate systems.

In the CDMA 2000 system that provides for multiple data rate
communication services, data that is to be communicated is communicated at
selected data rates on reverse links. That is to say, data that is communicated by a

25 mobile station to a network portion of the communication system is
commiunicated upon a reverse link channel at a selected data rate. A pilot signal is
also communicated by the mobile station to the network infrastructure along with
the communication of the data. The pilot signal is communicated upon a reverse
pilot channel, and the data is communicated upon a data channel. The pilot signal

30 isused at the network infrastructure to assist in coherent demodulation of the data

communicated upon the data channel.



30 is used at the network infrastructure to assist in coherent denodul ation
of the data comrunicated upon the data channel. 5 1In conventional CDVA
2000 systens, i.e., CDMA conmunication systens that do not provide for high
data rate conmunications at nmultiple data rates that are quickly
changeabl e, the pilot signal is of a constant, or slowy changing,
signal-to-noise ratio (SNR) level (e.g., received pilot signal to noise 5
rati o). However, when enployed in a systemthat provides for nultiple data
rate communi cations, such as 1xEV-DV cohmuni cation services, fast
scheduling and rate control inpact the power control operation of the
communi cation system Conventionall e SNR | evel of the pilot signal

, the S
nust be set at a hi MW“P@@PMQ%O%’&%W@@&@G@%WW cation of the
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that data is communicated at a data rate that is ower th e hi ghest
data rate, the T#¢qthet azg qyickly ghangssble, thepilof gignal isofiaconsigntgerslavdy  t han t hat

whi ch is neede@han}bx%r eighdgito-ﬁ&i_ﬂmdiq (RO AL @YE ReckivBBSIor iBEA R Qi@ 1S of an

excessi ve power |evel. myuni cati on performance in fﬁe comruni cati on
systemis adverdio)yHayeves tbgn empleyedima aystarcthptsevides S aultipte dat patswer ed by a
15 battery povwgpmaRighins, s L£IEEDY QENRInGHEP Y viles, Jﬁs‘?Qth%&&gl Q%d stored
energy at a rate greater than that ich s required. It a Efter manner
coul d be provi adeicanrolimpes theqower conolapeation efeheromapumicaiongystom. t he pi | ot
signal with th NIy dad: ' : | IS
conmuni cat ed, ?ﬁpgf%]eg%ﬂgggﬁm pe%lp) g&%ﬁ%@%ﬂ@?%é%%&s@%ﬁgﬁw%&h s in
light of this knergesueessfutheasmunidation pithedaitattadighedtida raoofitbmi cat i on
systenms Capapl uffold SRS CAl WA afth (Bl Bl cGief BbRafaB @ Buab 3L Lhe

significant |nprovenents o present 1nvention have evolved. SUMVARY OF
THE | NVENTI ON Tayeer Biag Sierhishest data rdte the pilot sl isgif g SNBdevahthatgepregiby provi des

tus, 25 | WOLER ekl
appar at us uﬁﬁ%a@@m%ﬁﬁ%e&&e%mwegg%ﬂ,%l%ﬁg e, gf%%féﬂg, ifofan

comuni cations in a radio conmunicat| ) rovi des
comuni cat i ons exaessiyg nowet levaiaCemmurieation pRforongngs in fhe cetinpricasonan enbodi nent

of the present o fMeibiRRelyhfRbtt® And) When the mobile station is powered bya
15 battery power supply, the battery power supply is depleted of stored energy at a

rate greater than that which is required.

If a better manner could be provided by which better to match the power
level of the pilot signal with the data rate at which the data associated therewith is
communicated, improved system performance would be possible.

20 It is in light of this background information related to radio
communication systems capable of communicating data at multiple data rates that
the significant improvements of the present invention have evolved.

SUMMARY OF THE INVENTION

The present invention, accordingly, advantageously provides apparatus,

25 and an associated method, by which to facilitate communications in a radio
communication system that provides for data communications at muitiple data
rates.

Through operation of an embodiment of the present invention, a pilot, or
other control, signal is provided that is of levels related to the data rates at which

30 the data is communicated. When the data rate at which data is communicated is



ot her control, signal is provided that is of levels related to the data
rates at which 30 the data is conmmunicated. When the data rate at which
data is communicated is 6 changed, the levels at which the pilot, or other
control, signal is generated correspondingly changes. That is to say,

t hrough operation of an enbodi nent of the present invention, the pilot, or
other control, signal is of alevel that is matched with the 5 data rate
at which the data is conmuni cated. The need ot herw se to select a highest
power |evel corresponding to a highest Jata rate to ensure successful
comuni cation of the data is obviated. Operation is permtted, thereby, at
reduced power |evels. And, | essened,anmounts of power are consunmed during
communi cati on 65%%%%ﬂ@ﬁ@@kéhﬂhWhﬁﬁég@dm§§§¥@ﬁWBQﬁﬁ@F#ﬁﬁ@@ﬂﬁﬁd i ncreased 10
system capaci t Yo@dsforddfipichids. Wen inplenented-in a CDVA 2000, cellular
comuni cation systemthat provides for nultiple data rates of data

conmuni cati ons, suchhahis to sy, tepugh pparation ofgrgmbagiment of thgpreseaty- DV

comuni cati on §RkMicnSihe Sdt] & oftiel QntrBOVBSal B1bf b GeltBH & riftchddiwih thes ProVi ded.
-The existing operating ecification défines, on the reverse |ink, 15

ext endi ng f ronflefa mstatPachthe dagris pommpcatesk dbe reeil ptherrdsataselente of the
comuni cati on §RtLHRAwS B &n&ﬁ:\ﬂﬁdiﬁgtofa'-lﬁgﬁ&%&?%%ﬁ*é SucBlhyA ' everse

suppl enental channel. The reverse suppl enental channel 1's provided, in
si gni fi cant papemmarieationaf the deiy isicbuieicdnOpgratipadspepuittsd dbarelyoata 1% EV- DV

comuni cati on  aRihMdGBwerdveft. uea\qere.«?s@néaiakﬂahmm@gm{]a& SorRlifld flfsihned. The

pilot signal is sent by the nobil e station on the reverse pilFot channel
al ong wi th dat eoremuRigation eRessiiogs, and, veuewsA sslencpesfarnadnee Mgkinereased t 0 oper ati on

of an enbodjgreRfsn cahifyRfeGRfMlited NVENti O, a reverse suppl emental pilot
channel is also defined’ And, the nobile station additionally, 25

sel ectably, sends aWsepipiplementediin HCDMA 200§rreluletrommymicativresysiom shat
comuni cat ed upRR;idkdRr ﬁaﬁiﬁ“ﬁfeﬁﬁtaﬂ&k%’@f"ﬁ%ﬁc@%gﬁﬁﬁ%ﬁ%, shchvas Rl daledbaNCE, Of

constant, or varying, am)n% a set of pi _ ow, data rates. The pil ot
signal sent onatajeble maardzgEV-IY communiegivn servige, sxttanilobppwes o theasveme| evel .

preferably the;mRllRRed PPRSRRg bﬁéfﬁing spelification defines, on the reverse link,

15 extending from a mobile station to the network inﬁ'ﬁstructure of the
communication system, both a reverse fundamental channel and a reverse
supplemental channel. The reverse supplemental channel is provided, in
significant part, for the communication of data pursuant to a IXEV-DV
communication service.

20 A reverse pilot channel is also defined. The pilot signal is sent by the
mobile station on the reverse pilot channel along with data on the reverse
fundamental channel.

Pursuant to operation of an embodiment of the present invention, a reverse
supplemental pilot channel is also defined. And, the mobile station additionally,

25 selectably, sends a supplemental pilot signal thereon, The data communicated
upon the reverse fundamental channel is, for instance, of constant, or varying
among a set of predefined low, data rates. The pilot signa!l sent on the reverse
pilot channel is selected to be of a level, preferably the smallest possible level, to
permit coherent demodulation of the data communicated uﬁon the reverse

30 fundamental channel. The pilot signal sent on the reverse supplemental pilot
channel is of a power level selected responsive to the data rate at which the data is



permt coherent denodul ation of the data comruni cated upon the reverse 30
fundanental channel. The pilot signal sent on the reverse suppl enental
pilot channel is of a power |evel selected responsive to the data rate at
which the data is 7 sent upon the reverse suppl enental channel. Wen the
data rate of the data conmunicated upon the reverse suppl enental channel
I's high, the power level of the supplenental pilot signal sent on the
reverse suppl enmental pilot channel is Qgrrespondingly hi gh. And, when the
data rate of the data communi cated upon t he suppl enental channel is | ow,
the power |evel at which the reverse supplenental pilot signal is sent is

correspondingly |ow By reducin the | of the sup | emental pil ot
si gnal when t h&eR&Pep thEFeyerse sypp m&"ét% taeﬂﬁ“afecﬂﬁ/ etB@ power |evel s

of the pilot S|cGﬂﬁiuﬁ1c@té@u;§Hiﬁthl@derwshﬁbléxﬁ@tﬂ@ﬁ@néﬁéI‘ﬂ§h afe pto@@r led@bA that is

comuni cat ed. And, thereby, transm ssion of the pilot signals at 10 power
| evel s exceedi ief TpRjementalpilotsignal sent op dhetsrraresHppigmental glotshamelie t he dat a

communi cat ed UQeﬂesb&ﬁiﬂﬁyﬁfgﬁeﬂ&'mm%ﬁhr@@&tﬁ&wi SRRl panel s does

not occur. Battery power consunption at the nobile station is not
unnecessaril ¥ t’é“oﬁ‘iﬁlﬁl%ﬁltalé‘hﬂm%]l ig loan, the paverlevehatvich theiteversl r i nt er f ace

ext endi ng bet wegghidital siﬁaﬁ&@hﬂl@&%ﬂﬁﬁ@ﬂ@&%&ﬁdﬁ&ﬁé@@PéMﬁ-tUre I's not

unnecessarily high. 15 one inplenmentation he pilot power |evel of the

pil ot signal séﬁ’tequr\hetweplemé%msletsgﬂnp hegiiag ot rateof o paspeiated daga sevel needed
for the operatiigp tﬁép&ieeiewayeﬁﬁ@pﬂ&bigﬁiaamehﬁ{chedﬁ@m&ledaagp?ésofﬁl to say, the
ent

T/P ratio of the reverse fundamental = channel is indepen the rate in
the reverse sugpp&mbiicammunisaad| Andrigrebpirangmission efthqmlpesignbsatied for

oper ati on ofp t REwEAKRYSE cEHRR R MhtRre $ANBherbifiyR 69 %ﬁteﬁtﬁ ¥ t he

suppl emental pilot sjignal sent upon the reverse su enent plﬁot channel .
Fast power conepBrupigatpbyron thisgvest findamaetehand Runpmr:ea@i ghgunelsrdees nobsponsi ve

to either the iy OBatfkBHG en%&{&smﬂm&t&%di:ﬁyamﬁlphdtﬁ&neggeﬂﬁg' al one, or

responsive to the pil ot agna s comuni cat ed upon bo reverse
pi | ot channel &?Hf“tnﬁ‘b apd gign éﬂefﬁﬂﬂﬁh%ﬁﬁﬁtaalmtpff#@ﬂfémi@hﬂcmElel n anot her

i | tati t | f th
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pil ot signal sent upon the reverse pilot chann the T/P ratio of
the data seht upon e iraplemenation fhepial pewerdenghefdhe pilot signal smtenrdieng to the

reverse reverse pilot channel is always of a level needed for the operation of the reverse
fundamental channel. That is to say, the T/P ratio of the reverse fundamental
channel is independent of the rate in the reverse supplemental channel. That extra
pilot power needed for operation of the reverse supplemental channel is providéd

20 by the supplemental pilot signal sent upon the reverse supplemental pilot channel.
Fast power control is performed at the network infrastructure, responsive to either
the pilot signal sent upon the reverse pilot channel alone, or responsive to the pilot
signals communicated upon both of the reverse pilot channel and the reverse
supplemental pilot channel.

25 In another implementation, the mobile station always sets the power level
of the pilot signal sent upon the reverse pilot channel, Thereby, the T/P ratio of
the data sent upon the reverse fundamental channel is set according fo the reverse
supplemental channel data rate of a prior frame of data, i.e., data sent during a
preceding time period. As the network infrastructure is aware of the data rate of

30 the data communicated during a prior time period, the network infrastructure is

also aware of the current T/P ratio upon the reverse fundamental channel. And,



suppl enmental channel data rate of a prior frane of data, i.e., data sent
during a preceding tine period, As the network infrastructure is aware of
the data rate of 30 the data comunicated during a prior time period, the
network infrastructure is also aware of the current T/P ratio upon the
reverse fundamental channel. And, 8 the network infrastructure adjusts the
outer | oop power control set point responsive thereto. If the reverse
suppl emental channel requires additional ,pilot power, in addition to the
pi | ot power provided upon the reverse pi?ot channel, then the reverse
suppl emental pilot signal sent upon the reverse supplenental channel 5 is
used to provide, and ohtain, the.add'tionﬁl ower that is_needed. Pursuant
to an additi onatf’eﬁ?’fﬂﬁrgci‘?réﬂrffr“%‘fmf‘ﬂ&srﬁ) B OWRR 0P FosHol sgtppidiner i s  provi ded

by which to facedpohdietherdemblf thgrep@veipsionéntalchdniellrBfiey ffioRdl podat a rate
change of conmuni cati on . of d@tﬁa_ during operation of the comunication
system | n ond%%p Inéﬁg]fﬂ“&tt? pilptpawerproudeddinen te revewe pilot shanpeli beence | evel

i s delayed. |n thrensred SipplenbRAIIBIiGR LAt upsR DS ENAL EURIRRNGT chbEXe! Setting
during rate and power contr‘gleﬁtransul on is provided. And, 1n another

i npl ement at i ®n,1s psgdo pravide, and, aibtaigs the piditiondl peverthidnecdad. t hese and ot her

aspects, ' therefore, pappa ef dhaddidibshl AHLABEARE bPihE FreSEt fA96htion aSndih@Né ded for a
radi o communi catigon system The radi o comruni cation system 15 provides for

the comuhi cat iRs?Vidad byathichdy fagilitats etabling paviericentral nthe event ofip data rate | east a

first data chanfgige oRborhufiditatidh ofald dubihg S5 foh fiind Brimbilfion fysla] ST CONtT O
signal is comunicated ugqn a first control channel in which the first

control signal Ipgne : onytheadpustmept qfthapilor refescpee leweliis delpyed. Treast a
first selecigd &bﬂ&%f%&aﬁo@%ﬂ%Bb@&l@el {elifho datif 1R ah&‘?o@ér | east the

first data channel is facilitated. 20 second control” signal generator

sel ect abl y genéPBI ransitiondsrgvidethtAmsh inangthen implsmentatigmadisiretat i on upon a

second control isdieBRY are faGigsecond control signal is targeted at a second

target level. The second target |level is selected responsive to the at

| east the first sel Btthess sadptlieraspestsethergfore prnariusdendan pssodetadmnthedit ed on t he

at | east the f fieliddplofa WaUifmunhich SFRER. SARUSLEAARGAGhALIAN Of the

present invention_and the scope _thereof can obtain

acconpanyi n§® dPEtides $or thgtorpnunjcationgfdatapy 2 first communication station on at
least a first data channel, at least at a first selected data rate. A first control signal

is communicated upon a first control channel in which the first control signal is
targeted at a first trigger level during at least a first selected time period.
Communication of the data on the at least the first data channel is facilitated. A

20  second control signal generator selectably generates a second control signal for
communication upon a second control channel. The second control signal is
targeted at a second target level. The second target level is selected responsive to
the at least the first selected data rate at which the data is communicated on the at
least the first data channel.

25 A more complete appreciation of the present invention and the scope
thereof can be obtained from the accompanying drawings, which are briefly
summarized below, the following detailed description of the presently-preferred

embodiments of the invention, and the appended claims.



sunmmari zed bel ow, the follow ng detailed description of the
presently-preferred enbodinents of the invention, and the appended cl ai ns.
9 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a functional

bl ock diagram of a radi o conmuni cati on system operable pursuant to an
enbodi mrent of the present invention. Figure 2 illustrates a representation
of the relationship between the data 5 rates of data communi cated upon
reverse fundanental and suppl emental chapnels and the power |evels of
pilot signals sent on reverse pilot and Teverse supplenental pil ot
channel s during operation of an enbodi nent of the present invention.
Figure 3 illustrates a representation, simlar to that shown in Figure 2,

al so 10 representative GIREGFDESGCRIFIY B T3 DRAYVWINGS: rates at which

data is comuni cat eghuRN ille@ies § filncidnaflladk i gtan® Bfh RAWREmmEYiBlRn0f Pi | ot
signals generated on reverse pilot and supplenental pilot channels, here

pursuant to op¥¥ieR PR PusTBRtie An ebRdament At the prepantinpméignt i nvent i on.
Figure 4 illustrat ePigﬁferzeiﬁﬁs%%éé‘E?épfé&éhtﬁm%ﬁthgi‘éﬂﬂbh Yo el TO1 15

subchannel structure of the reversSe pilot and suppl enmental pilot channels
defined pur3udnes efdatasormppigripbion seversp &ndpaeisl and swpplamprial chaminglar e 5

illustrates a rag@{hgf,sw&qédegrbfpﬁ&tfﬁéﬁgﬁ (sjén?orhtwétge ﬁm%%‘%ﬁ@ gures 2-3, here

showi ng the rel ationshi p between tt ata rates at data is

comuni cat ed upBlemeatal pilos chasnels dwringreperation ofan ambodimerd of he prsowmer | evel of a
20 pilot signaly,Reaerated upon a reverse pilot channel pursuant to
operation of an enbodinent of the present invention. Figure 6 illustrates
a timng di agram r ePigersdrillusirgtes yrepresentatignsirhitar tothstshpvn nfFigug 2 alsequest and

grant schedyy | i@k e QaRaka) baRedladlafRoidRRL P! the present

invention. 25 Figure /7 illustrates a representation of the generation of
rate indi cati orfemepanicaed enseyesge lipk|channegls anthiawey teels of pilgt signalsuant t o

ggggg} ip%ngglf AR B s Pilof A8 sufpidnRali pildt ¥EREHS Rere Pibint &P OF THE

operation of another embodiment of the present invention.

Figure 4 illustrates a representation of an exemplary power control

15 subchannel structure of the reverse pilot and supplemental pilot channels defined
pursuant to an embodiment of the present invention.

Figure 5 illustrates a representation, similar to those shown in Figures 2-3,
here showing the relationship between the data rates at which data is
communicated upon the reverse supplemental channel and the power level of a

20 pilot signal generated upon a reverse pilot channel pursuant to operation of an
embodiment of the present invention.

Figure 6 illustrates a timing diagram representing the timing relationship
of rate request and grant scheduling pursuant to operation of an embodiment of
the present invention.

25 Figure 7 illustrates a representation of the generation of rate indications on
areverse pilot channel generated pursuant to operation of an embodiment of the
present invention.

DETAILED OF THE DESCRIPTION

Referring first to Figure 1, a radio communication system, shown

30 generally at 10, provides for radio communications, in a multi-user environment,

with mobile stations, of which the mobile station 12 is representative. The



Referring first to Figure 1, a radi o comunication system shown 30
generally at 10, provides for radio comunications, in a nmulti-user
environment, wth nobile stations, of which the nobile station 12 is
representative. The 10 comunication systemforns a nultiple data rate
comuni cation systemin which data is communi cated, selectably at a
selected data rate of a plurality of separate, allowable data rates. In

t he exenplary inplenentation, the com‘rur]i cation systemfornms a CDVA 2000
cel lul ar communi cation systemthat provi 8es for 5 1xEV-DV communi cati on
services. That is to say, in the exenplary inplenentation, the

communi cation systemis conpliant, generally, with the operating protocols
set forth in tHeMOBMKALIEHTIR fymsy ntipledataigle communicationsysem lﬂl‘ﬁlégt eachi ngs

of the present daRVefriRihicabidCsclddAWEUES sclRB AP ke SO pIMERY 0PsephBteOt NET types
y le the fol low ng d

of multi rate data conmunication systens. Wil e W n escription

of operation ofallgyabledaia wiesoln theseaplsry impiemsplaten theicamaynicationshal | be

described with J{88R¢%ms hCTNMKI2000 SRLRIGHnRin@for Ystbm el | ular

communi cati on ss§/'stem t ﬁat provi des for 1xEV- DV_d%?a %ﬁ%ﬁ??ons, t he

t eachi ngs of 5t HEEYrI2Y eommppigationisertices dhalrigiosanimthy exgomlatzabl e to ot her

types of 15 CONRHRIE A8 5 THicat DAY is & Lgé}{ei'éﬂ?,\gfﬂ%ﬂ’;@ta bet ween a
e co

mobil e station and a network part o ni cdtion’systemis provided.
A radi o air i ntopertugprotecaleset foeth in the Chdéh 20008 xE¥t B oketptintg  of t he

" conmmuni cati on %%féc‘iﬁgﬁﬁﬂd mobil e stations operable therein. Forward |ink
channel s are defined upon forward Iinks extending 20 fromthe network part
to the nobile stati dheteaghings of g presat inyention vt heweyen prenalilst fomed inupon
reverse |inks @ufePRtlbdyt hiifTak Bea BRRhifcaRbRLsfR] i AP k part  of
the comuni cati on g’gfstem Bot h c%ntroﬁ?an?oryﬁgﬁ'oﬁﬂg%g&ﬁ?a éaffic i's
communi cat ed betescEption A eperadanc agiens embedimenicof fhgpiresentdneantionshalipon t he
forward and r QUELBE) it HescBAB RS mpRRert \ IhfJ cation pursuant
to which the com*runf\t_lcal;ﬂ?%% system mP% goﬁg‘in?ﬁgttgwgoﬁ%lﬁ{ﬁlmconpl I ance

defi nes var i ousommHmcalongyricry thabprowidesfot IxEYpOW date kemfynigatiods,ded r ever se

links. O si gnifBapad ilebréslnSRAMT B inaREolsiFapBE &BR1M other types of

15 communication systems.

Two-way communication of data between a mobile station and a network
part of the communication system is provided. A radio air interface is defined
between the network part of the communication system and mobile stations
operable therein. Forward link channels are defined upon forward links extending

20 from the network part to the mobile stations. And, reverse link channels are
defined upon reverse links extending from the mobile stations to the network part
of the communication system. Both control information and data traffic is
communicated between the network part and the mobile stations upon the forward
and reverse link channels.

25 The operating specification pursuant to which the communication system
1s constructed to be in compliance defines various control and data channels upon
the forward and reverse links. Of significance to an embodiment of the present
invention, in the exemplary implementation, a reverse fundamental channel (R-
FCH) and a reverse supplemental channe] (R-SCH) are defined upon which to

30 communicate, from a mobile station to the network part, traffic data,

communicated pursuant to effectuation of a data communication service. The



invention, in the exenplary inplenentation, a reverse fundanental channel
(R~ FCH) and a reverse supplenental channel (R SCH) are defined upon which
to 30 conmunicate, froma nobile station to the network part, traffic data,
comuni cat ed pursuant to effectuation of a data comruni cati on service. The
11 arrow 14 represents the reverse fundanental channel upon which data is
comuni cated by the nobile station 12 to the network part of the

comuni cation system and the arrow 16 i s representative of a reverse
suppl emrent al channel upon which traffidldata is al so comuni cated by the
nobile station to the network part. 5 Mire particularly, the reverse

suppl enmental channel is generally utilized upon which to communicate 1
XEV- DV data at Ay lArenyesents the rewrss fidamental shanpelaipon whish dgdaisa rates at whi ch

the data is corggppGRitEdn B hdbllesthfnanISms H&f}b&ﬁrﬁﬂt@l{he oA N ioh S

suscepti bl e to abrupt changes. Various control channels are also defined on
the reverse | i rkstem,ged theagowilg inreprespmtativid adeirerse spprigveantad thannel uponr ever se
pi | ot channel (f:&liEo dtER RS BB BiRR\%286n to an
enbodi ment of t‘ﬁ’é pr e_scenat Pnvent Oﬂry@&ée#b;y%rtﬁéén‘ﬁa 3:(1: Oe%%mgp%&e?ver se
suppl enent al 5 piNese parhicuiabi, thereSre erplamenigbdhiavnedlis stresallyailiessaipos uppl enent al
pi l ot channel i -qugﬁﬁéJ-ag TAL rati I8 8L forward
l'i nk channels,‘ﬁ%g% tra ?%c an pontfb' c anng*s,sarﬁaﬁ%%ﬁggégﬁgd in the
15 Fi gure by t [etagateshwhgh thrdataje comomini¢ateinnen the eqverse supplemental ormuni cat i on
systemis here Ll station 34. The base station

I ncl udes transé§$@§?s%??%ﬁ?%ﬁgg?g?cﬂt ghsceivin data upon the forward and
reverse |ink channeVerigspriead chanoels atqalso defedomine révatse fifiln dacladetiendi ng

bet ween t hejpetwRhk: Aethnti Shdnhf Ly, i f gpgnication
system In tﬁetaig@e fﬂar y“% em%{gg? ':3 c?%,e ﬁ%lﬁtg %iaagle@sgi‘gg?’gﬂﬂcsg%er tes
pursuant to a GOBNNoWP3d&urshgt ¢ grembedimeninf shegqresentdhveoomamadditiondn schene.

The base stati qpahil § RGbrsd mﬁ‘éiﬂx%ﬁ‘ta 'ifop%qa&;emgtﬁﬁgﬁg ?%Eﬂeg%xédpt'ﬂe PoEOr M

vari ous functions, such as wer contr _ _ ower control of
signal s gener soppdempntal pidpt ohannelis wepregdntediirethe Gignrertiydhe arow 22/ Amdm 25 The

base statlon oGt Thulnicds! fih RlerdalAho SEAESS MSEIRIdRR hLOn of  the

network part o e comuni catl on sy he radi o access network al so
' 15 Figure by the arrow 28,

The network infrastructure of the communication system is here shown to
include a base station 34, The base station includes transceiver circuitry for
transceiving data upon the forward and reverse link channels defined upon the
radio air interface extending between the network part and the mobile stations of

20 the communication system. In the exemplary implementation, the base station
operates pursnant to a CDMA (code-division, multiple-access) communication
scheme. The base station further includes circuitry and elements to perform
various functions, such as power control functions that power control of signals
generated during operation of the communication system.

25 The base station 34 forms a portion of a radio access network portion of
the network part of the communication system. The radio access network also
includes a base station controller (BSC) 36 to which the base station 34 is
coupled. The base station controller operates, amongst other things, to control
operation of the base station 34, as well as other base stations to which the base

30 station controller is coupled. The radio access network is here shown to be
coupled to a packet data network (PDN) 38, here by way of a gateway (GWY) 40,



I ncl udes a base station controller (BSC) 36 to which the base station 34 is
coupl ed. The base station controller operates, anongst other things, to
control operation of the base station 34, as well as other base stations
to which the base 30 station controller is coupled. The radi o access
network i-s here showmn to be coupled to a packet data network (PDN) 38,
here by way of a gateway (GAY) 40. 12 A correspondent node (CN) 42 is
coupled to the packet data network. The._ correspondent node is
representative of a communi cati on node fhat forms an ultimte source, or
ultimte destination, of data communicated wth the nobile station 12. A

conputer station, a tel ephoni fion, nt server are all 5
exenpl ary of d&?%@%ﬂ%?&{%ﬁqﬁéfﬁﬁPW&%Bﬂﬁéﬁf %H‘E‘é{?F Kpdh&onpri sed.
Various el erfentcﬁrrésﬁsoﬁdbﬁtribasﬁréﬂrébémtﬁt[ve%faadi@nﬁhﬁ:ﬂloﬁﬂmﬁﬁﬁﬂﬁrﬁﬁahn Figure 1.
Here, the front _end transm and front end receive circuit portions 48 and

52, respecti veltpmatesqurcener yiimag destinaing, of dyfa eommunicaied yith themebilte porti ons

perform functispfsn 1s:uchc&ﬁpﬁt@rs&ﬁ&ye&eﬁéﬁnamaadna@m&ac&méﬁmmme pespectively,
operations 10 upon data  that is_.conmunicated upon the radio air interface.

The front emd e?‘?é%lf“i}’é’fé?"r“ifﬁPfY’l}‘c‘b‘é‘FF‘i’fEﬁ%PqDQe‘EGB?ﬁ“é‘H fermpetoder and to a

si gnal -to-noi se rat ¥riolseNMen@oF hEBise stafiéh 3416 alsd RPrebRERIRFighs 1COUPI ed to a
frame error rate (FER) estimator 58. The estipmators 56 and 58 operate upon

“i ndi cations of Hes& thefequb ersdpansmif and feont ?qs‘rwceemmémwm& A% ry to

generat e esti MaésBectivblysdrdSitwnt Thé'Rbift @nd Bdris@f aBdbediPe fdrAdHE paidR rates of
the indications provided thereto. Values representat | ve 01P the estimte

gener ated by t HencHens sysh BruUpEnYsEsiqnpad dpwascog 0B, ISERSGHVERE OReERANS onpar at or

66. And, valyespsdiLment admMenititedpén ﬁé%dd%ﬁﬁteﬂe&em& 86niyq t he estimator
58 on the line 67 are provided to_an outer E_ powe l‘t control elenment 74.
O

The el enent §e°6'6’8ﬁH°WWPQ§P?ﬁ569‘{9139&36?“@%@11@ dREPFAtSf t he base

station. A val yeNRfesAfnafr 561 AR, tHeld8dHReE 5&@1&% £ b G Rite FER)S 2l sO
provided to the outer_ | oop power _control elenment 74. The outeéer | oop power

control el ementstngatofS8y Wﬁﬁ&'@#%ﬁﬁqnﬁss apsseie uppntipdipatiensefidetareceiyed 66, and a

conpar at or  out Bythe fforPERMeSB drfuitrP® Jeh@Rb estinAIDFbibndt bd oo bdilos 4t  Pover
control is effectuated through the conmunication of, inter alia., power

control conkndamesEpr faies of the indicationsprovided therstq. HValugs repessentativpaf thes power
levels at whi Clgtngat& QURBMRIG tIR: SBhA0rIS ol 1R\ aRESAEA 16 P aGARkard R FCH) -

66. And, values representative of the estimates generated by the estimator 58 on
the line 67 are provided to an outer loop power control element 74, . The
elements 66and 74 form portions of the transmit chain of the base station. A value
20 ofatarget frame error rate (TG FER) 75 is also provided to the outer loop power
control element 74. The outer loop power control element forms a value that is
applied to the comparator 66, and a comparator output is provided to the front
transmit circuitry 48, Power control is effectuated through the communication of,
inter alia., power control commands that instruct the mobile station as to at what
25 power levels at which to communicate data on the reverse data channel (R-FCH).
As mentioned previously, pilot signals are communicated by the mobile
station to facilitate coherent demodulation of the data communicated upon the
reverse data channels. ~ The pilot signal is of an adequate power level to permit
the informational content of the data communicated by the mobile station to the
30 network infrastructure adequately to be recovered. Because of the direct
relationship between the power level at which the pilot signal must be sent and the



As mentioned previously, pilot signals are communi cated by the nobile
station to facilitate coherent denodul ati on of the data communi cated upon
the reverse data channels. The pilot signal is of an adequate power | evel
to permit the informational content of the data communicated by the nobile
station to the 30 network infrastructure adequately to be recovered.
Because of the direct relationship between the power |evel at which the
pil ot signal must be sent and the 13 data rate at which the traffic data
is sent, and its effect upon power contddl, conventionally the power |evel
at which the pilot signal is sent is set to be of a power |evel
corresponding to the power level required of the pilot signal associated

with data conmdatadge étd"faﬁh the FrigR dafe igseatsangiite cfient pqnapower agbel data i s 5
communi cat ed atcoﬁveﬁl%naum&sodv&a@vet hamidhfe Ricohgsl xs@aa%g éeh%b@ar@ rate, the
power |evel of the pilot si | S unnecessary nbodi ment of the
present invent |P8Wefc,16‘f?b¢qr§3§i§mg'§§§ﬂhﬁ n%weréwsbmqwrgénéﬁhamlqt signalg2, emnbodi ed at
nobi | e st ati oNSgeasidehwith dith SoriRhik p ncl udes a
second pilot, o?soot her conttror , y ﬁe&ftaﬂe%%rté&mby%m Eewél?% na i 10

gener at or geﬁeﬁa@mﬁ?ﬁ 4‘361‘113%1'@?1&53 ﬂiﬁnéebmhﬁstpqselbbldaﬁﬂe@pémovmto t he data
rate at whichy eﬁnlBPHEiél‘is‘ﬁﬂﬁ d. by the nobile station upon the reverse
suppl enment al c anne one i nplenentation, the pilot signal is

unnodul ated. In othéﬂﬂmbwbmgﬁ@ﬁﬁﬁmﬂﬁﬁéHW@H@npmhnmwsmgmahm;$wmmdulated by a
known sequence, hgs val ues. The
I ndi cation of tgﬁgﬁgtag@g%g“igéﬁwﬁthﬁﬁﬁ %a ;ﬁ& %Ob?%ﬁ’t%?\n?%aﬁéa by the
mobi | e st at i on apprerinsriealedes @ seconppilat s athar cootelnsigral generaton §4.dBw signalt he second
pil ot signajpg M S here
represent ed to%glgé%ﬁp%r%\%?égeaﬁ%h%lgnﬁ B?a L‘ﬁé gleeggres}gr%%‘}eq&jth%%]éﬂa?ﬂ #t

transmt chai nWMnglehh%qﬂmmlmwaﬁﬁéNhealmﬂﬁ statidnrupai theymfselsmlenmbial

station. And, diy t he second
control 20 S|gnH¥ln e%&?%ﬁ% ?@ﬂ%%%%g%%ggﬁgﬁhqsmﬁﬁkﬁaggnsn1 C|rcuitry of
the nobile staﬂmblnmentmna,mepﬂat&m&mw&ﬂhhwgbsalmmqsqmce,bgael of the

addi tional pi I Eﬁ]am I pondi ngly
changes, there %/eurﬁr%(fgc étﬂ{ehe eg%éé?;g%ﬂ%gn% gﬁgﬁdﬁat%rn &%E%% rqg data rate
of the trafii catmhlehﬂlhéata18§0mmummnﬂedh17éldmﬁllgslat@nzlporueww ates a

representati on o, SxeAPHAe gq&&(icﬁeﬁttgﬁxe Qécogt?ﬁi?ot signal generator by way of

the line 86. The indication is here represented to be provided by a data source that

forms part of the transmit chain, together with the transmit circuitry of the mobile
station. And, the signal formed, or caused to be formed, by the second control

20 signal generator is communicated by the transmit circuitry of the mobile station.
As the data rate changes, the power level of the additional pilot signal formed by
the signal generator 84 correspondingly changes, thereby matching the power
level of the signal with the data rate of the traffic data that is communicated.

Figure 2 illustrates a representation of exemplary data rates of data

25 communicated upon the reverse fundamental channel 14 and the reverse
supplemental channel 16 during successive time frames or other time periods.
And, corresponding power levels at which pilot signals are sent upon the reverse
pilot channel 22 and reverse supplemental pilot channel 24 pursuant to operation
of an embodiment of the present invention are also represented. In this

30 implementation, the power level of the pilot signal sent by the mobile station upon

the reverse pilot channel 24 is of a pilot power level needed for operation of the



25 communi cat ed upon the reverse fundanental channel 14 and the reverse
suppl enental channel 16 during successive tine franes or other tine
periods. And, corresponding power |evels at which pilot signals are sent
upon the reverse pilot channel 22 and reverse supplenental pilot channel
24 pursuant to operation of an enbodi nent of the present invention are

al so represented. In this 30 inplenentation, the power |evel of the pil ot
signal sent by the nobile station upon _the reverse pilot channel 24 is of
a pilot power |evel needed for operatioﬂ4of the 14 reverse fundanental
channel. That is to say, the T/P ratio of the reverse fundanmental channel
I s i ndependent of the rate of the reverse supplenental channel. The

addi ti onal piId?“ﬁﬁﬁ@pmpﬁﬁﬂ°P§“ﬁ%é@%ﬂsFU?%dﬁﬁﬁgFWGNfgpfﬁﬁﬁereverse

suppl enent al  chasalentAchhsnePis Qe deﬂwfﬂ)@&tesm@f@ﬁtsgﬁplahén@ﬁ si gnal sent
on the 5 reverse supplenmental pilot channel 24. \Wen_detected at the base

station, fast 9uwel Thsatdiienal pilohpowes thabis needed fr apwsatiosiof gie revegmal s sent on
the reverse pi Isqﬁplaﬁéh@dwﬂmanlkyspr%dm%e@qme&a&l5&&%{%&1'seﬁt'o%elchanne' and

the suppl emental pilot signal sent upon the reverse supplenental pil ot
channel . | n #haewiresuppleniental pilnt shangeleldo Phaidetspied ot the basewietion: a8 data rate

at which the Jgﬁwﬁlxaéoﬂtrélﬁisﬁ&f&ﬁﬁéﬂ&%ﬁfiﬁoﬁ’ﬁil&t@%nﬁk‘%g{n i PledbsCfifpnel changes,

the pilot signal sent_ upon the reverse pilot c Is transmitted at a
| owest possi bl ehigmelanly, ergronbpthithe rewsseaiiot ghamchendshe fupplamerdd pdldt t he

comuni cati on QfgnkiRentABbiPhe FeviRE supBMRERR pibtiidatENt al channel . The power
| evel of the supplenental pilot signal sent upon the reverse suppl enental

channel is set to bEthqevepofvariphle gl pperationice mdien the deth rate aixdiichghe
-1.0)*R-PI Cry Idhtatid\@mbhRidatlioR tlﬁfsuﬁﬂl&nénﬁifa{aﬁﬁel%h!iﬁ@és,eiﬂ@gflﬁlsi haggpel 1s
defined to be the ratio of the power of the reverse supplenental channel
to the power oftipemhilic myessepint ghanneis ensmified pia leyest pessiblstporanlayrd fhatind t he

rever se_SupDl e1glcaho i SHom RN he cobichlh U i niyiile T ever se

suppl emental channel is set to a val ue a nomnal attribute gain of the
rate that is cuwmdamentyl chauigl Theweverlevehefithasapplenental pHok signel sehtawdt P rati o of

the reverse fum@?e?ée%h%ﬁé]ﬁ&%bh&ﬁeliimﬁ@%@ﬂem of the rate of the reverse

suppl enment allschannel, the power control loop is not disturbed by the

P= (10 pilot_reference_level*(.125/10 ~1 .0)*R-PICH.

If the T/P ratio of the reverse supplemental channel is defined to be the
ratio of the power of the reverse supplemental channel to the power of the
20 combination of the reverse pilot channe] and the reverse supplemental pilot
channel, then the T/P ratio of the reverse supplemental channel is set to a value of
a nominal attribute gain of the rate that is currently used. Power is not wasted.
And, as the T/P ratio of the reverse fundamental channel is independent of the rate
of the reverse supplemental channel, the power control loop is not disturbed by the
25 data rate change in the reverse supplemental channel.
Figure 3 illustrates again the relationships between the data rates of the
data communicated upon the reverse fundamental and supplemental channels 14
and 16 and the power levels of the pilot signals upon reverse pilot channel and
reverse supplemental pilot channel 22 and 24 during successive time frames. In
30 this implementation, the power level of the pilot signal sent by the mobile station

sent on the reverse pilot channe! is set by the mobile station. And, hence, the T/P



25 data rate change in the reverse supplenental channel. Figure 3
Illustrates again the rel ationshi ps between the data rates of the data
comuni cat ed upon the reverse fundanmental and suppl enental channels 14 and
16 and the power levels of the pilot signals upon reverse pilot channel and
reverse suppl enental pilot channel 22 and 24 during successive tinme franes.
In 30 this inplenentation, the power |evel of the pilot signal sent by the
nobil e station sent on the reverse pilot channel is set by the nobile
station. And, hence, the TIP 15 ratio df the reverse fundanental channel,
all according to the data rate of the data comunicated upon the reverse
suppl enental channel in a previous frane. As the base station knows al so

the data rate otieefdhersyersciyndammnishehannal sl acoorting te ey data rateufiihe datent al
channel during {RenalchRl updd Be fdvaaBsuppiBfiedtat andbith b BRvRluS Rark .OX\%Lhé)f > the
current T/P ratio of the data communicated upon the'reverse fundanental
channel and ad] st sation &news also the daa ptsaf thedatacommunisateg gpontthereemedi ngl y. | f
the current r 186 aTM=Yar Tal £z TRRNoN uj bt | L.} ot power
than provi dede%lﬁlst Heerﬁérigve.rse p?lfglt Bg anne ﬁ%ﬁﬁe%set%%gb%hl?@ﬁtw%#ne frane,
the reverse Ssubptusienil/Riratigi afthe datacoomaiunicated ipod thegevasserfundamantel a

suppl enent al pi TN (% ' . I S

i mpl ement at i on,éht & povq\giﬁséoﬁtcga%rpﬂrogég‘g‘fqg_aﬁr%tl%h@@p@gﬁgﬁ lyb?h’%“%e data rate
change of the rawerseversapiriptoneantadthagied raquires ad@litionai pidotpowenthanontrol tToop is
rel atively undi - afihl R dupat S Lon is aware
of how to adj ﬁ%ﬁéﬁg’qéﬁ%&gﬁaﬁoﬂggﬁomrH‘%@ﬁtﬂ%& settt&%%%?e’glﬁeérg}g% frame
boundary. |n t reuppldgental pidotehanne! is npad by enSRatest supplemacritd pfotsignaléa f or use
upon inner lgo ~as the pilot signal sent on the reverse

pi | ot channeP ﬁ%ggene?%_ 3%3?}a. rel atively high power. Hence, the power
control made possi biwethisimplementatiorp thepeweratntod 1gop if mit indgpandatiofthe. Fi gure 4
illustrates a rgpr ' I s 20
power control su cr%gnne g_gf@aﬂét%@%@pg?ﬁgﬁgc%gf gugéﬁiﬁpgo%egﬁo%ﬁﬁﬂel?g%Z and the
reverse suppl enereaivelpuhdstuxbad hythe rfteichapg: in thatihe baseetifion lsewarevEhiome pi | ot

hannel is forges L icah oL 182 chi d
384 chi p-1 engt Ltgg‘ggé\?g}%é&e%g%@%%?‘gﬁlJ"%ﬁ%@@%ﬁ%@‘%&“@%ﬁ'ﬁ%ﬁ%! Pthe

reverse suppbeneheme, apimipoaved SNR estimate is provided for use upon inner loop power

control as the pilot signal sent on the reverse pilot channel is generally of a
relatively high power. Hence, the power control made possible in this
implementation is fairly accurate,
Figure 4 illustrates a representation, shown generally at 102, of exemplary
20 power control subchannel structures of the reverse pilot channel 22 and the
reverse supplemental pilot channel 24. As illustrated, the reverse pilot channel is
formed of a first portion 104 of a length of 1152 chips and a 384 chip-length
reverse power control subchannel 106. Similarly, the reverse supplemental pilot
channel 24 is also formatted to include a first portion 108 of a 1152 chip length
25 and a 384 chip length portion 112 forming the reverse pilot control subchannel
values. A code, for example, Wi, % can be assigned to the reverse supplemental
pilot channel. Backward compatibility is preserved through use of this type of
structure.
Pigure 5 illustrates a representation of the relationship between the data
30 rates at which communication data is communicated upon the reverse findamental

and su_pplemental channels 14 and 16 and the power level of the pilot signal sent



channel 24 is also formatted to include a first portion 108 of a 1152 chip
|l ength 25 and a 384 chip length portion 112 form ng the reverse pil ot
control subchannel values. A code, for exanple, WB2M can be assigned to
the reverse supplenmental pilot channel. Backward conpatibility is
preserved through use of this type of structure. Figure 5 illustrates a
representation of the relationship between the data 30 rates at which
comuni cation data is comuni cat ed upon _the reverse fundanental and

suppl enental channels 14 and 16 and thelﬁomer | evel of the pilot signal
sent 16 wupon the reverse pilot channel. In this inplenentation, the

reference |l evel of the pi]lot signal is delayed followng a data rate
change of the dBmhibaTevaise Bilotqhngel IndipiRlcmshiatirn, e sefersecedevekrfdhtannel s. At

time 106, the QhbefigdaPRRel 1dwRY 4 @ita rafRhaRloPihe bSmMfnitdidh aahed by the
opposing arrows. This is the power control set 5 point prior to a rate

change of dat a cewmyniseieduras thidsin dhprnclse W Hige 196 3hs Quies fronlpowertsartrdl . At ti e
108, the data rgtRieis &hmidal i{phO 0 s UPAR st WY &bl seS UPP! enent al

® i
channel increases. Tine 110 def i ne& the start of a subsequent tine frane.
And, t her eaf § erpoingprioriga satechasgepd dan cormpnicatedupon thigaevsise suppirowatal and out er

| oop set point dhgyg ujn,agmqos%'&&a{e{ufglﬁgxu&%sma@%n%%&% the quality

of the 10 reverse | anental channel the reverse ‘'suppl enental channel
i s mai nt ai ned. supmplenpdngab chanpel incprased a T ane Hdetnes thestatnf 2 sehsequentitionet ed upon
the reverse suyppl.eneatal paT=1Y Ll %n%- to tinme
114, the pilot . power s rgﬁ%l,n acﬁ_%%teéa . gﬂ%,g%.g?e’i n ]g’z?@d&%@t e time 116,
t he outer | oop leaptseimointis adjustedgRiwing thigisehsequgnigyme peciod pleopiaiity obtheows. 15

During the f4r | I %]Em?e‘i'tufib%i | 108, a
sequence of i%r%@é&&%@%ﬁ%&%&ﬁ%gﬁgg%ﬁsg s%gﬁnﬁgag ation. @&;P rati o of
the reverse fuddimeddedhe datwratealfl theglapmpmmanicegd upandhe revesseT/ P ratio of the
reverse suppl H@@“ﬂé |, o d LS | I nal
attribute gai n%o lt_ élta"e_{new ggg@%ﬂ%&pmg’%ﬁ%ﬂd@*@gﬁgﬁégnﬁ% %g]en the pil ot
ref erence | evelpoweids agan akiNgted0 Additag indzgated ahibie tilre 119, thedwitenloonse poibur i ng thi s
frame, the po"‘%aéaﬁl‘fﬁ&ica?édMﬁeSp?ﬁﬁﬁ%sﬁm“%ypp' enent al channel is set

e

according to the ™ new rate, “but arget received SNR of the reverse
pi |l ot chann&¥ and rButingthe figsh Gamefollawvingtzerdatd ratg changeatrthetime ti8as t he

sequence of procedures is performed at the mobile station. The T/P ratio of the

reverse fundamental channel is maintained, And, the T/P ratio of the reverse
supplemental channel is adjusted according to the nominal attribute gain of the
new data rate plus the difference befween the pilot reference level and the new

20 datarate and the old data rate, During this frame, the power level of the reverse
supplemental channel is set according to the new rate, but the target received SNR
of the reverse pilot channel and reverse fundamental channel are maintained at the
same level as in the prior frame. And, at the base station, as the base station is
unaware of the rate change of the data communicated upon the reverse

25 supplemental channel, the base station power control actions continue as is no rate
change has occurred.

During the second time frames, commencing at the time 110, following the
data rate change, the mobile station adjusts the power level of the pilot signal by
the difference between the pilot reference level of the new data rate and the old

30 datarate. Additionally, the T/P ratio of the reverse supplemental channel is
adjusted according to the nominal attribute gain of the new data rate. And, the



sane level as in the prior frame. And, at the base station, as the base
station is wunaware of the rate change of the data communi cated upon the
reverse 25 supplenental channel, the base station power control actions
continue as is no rate change has occurred. During the second tine franes,
commencing at the time 110, followng the data rate change, the nobile
station adjusts the power |evel of the pilot signal by the difference-
between the pilot reference |level of the new data rate and the old 30 data
rate. Additionally, the TIP ratio of thd7reverse supplenmental channel is
adj usted according to the nomnal attribute gain of the new data rate. And,
the 17 TIP ratio of the reverse fundanmental channel is adjusted according
to the mul tipl el’P ghigrofithe reyarsa fusdamendal shapnefas adjysted @ccopding fedherawltinlst at i on,
the rate indic § 0, ' a ks : t.e nge is
received. The g%%@i%%%é%eh%ﬁe&r% r%{ehamgﬂ{e%lrl\%% é%éﬁ e@?te{ﬂﬁﬁe(ﬁtnoé\;ﬁ\} tﬁ%ﬁg@r ate.
And, the base sfrats folovdny s data rdtechangeds raceivgl. The base statiorthereby hasr eshol d to
the initial tar r f new dat a
rate. Figure 6 lfgﬂgfvﬁes rog{t%éslgr&g‘ia%q%\%qt}gg’%é%%%&{ogt% @%@%‘ﬁt" }slteltllg , and reverse
suppl enent al 5 c homisedonirell thresholdia thibuinitinlgarggientet loop pofer aontwhibocthotdnf of t he
pr esent inventitﬂ&e‘J&ta'tljaés I npl enment ati on, data rate changes and power

| evel 10 adjustnents, and adjustnents to the T!P ratios are nade according
to the nom ndl att Figowsttallgsuates sateircqedstsil ps, eate pranta d22, anl] mwserseent gai ns, al |
as specified i ' I 1 | A W ithout the
know edge of t%gﬁ @ﬁ??ngag?ﬂaﬂ%%? glu és?%g d%‘gﬁsg& ﬂg‘& g?féfn%ﬂgﬁg-lggtt%gembi | e station
to transnit at paeskatdgivestionr dn this inipleowetdtitny dathmitquhenges sl postteelegalant . And, t he

outer | oop [y: | . ?ﬁ% gelel In the exenpl ary
oper ati ons ggﬁf’%‘?@ﬁh‘?’%ﬁ%@&?@% E!)tth‘grrra e°§§#e e%a%kdg&ééghr%?ﬁﬁl%gt ed upon

t he reverse supttibute gtimbndahultiple changelallinstysntegyinal alltag speoified @gtbe t han, the
data rate that j t at I,S. t.Q sa Rate | is

| ess than or ggﬁrgﬁ(&@&%@@@%{)ﬁﬁ?@?ﬁ)&@c%@gﬂiﬂheg&%?géesc{fglﬁ cg}r%b’goes not know
the data 20 ratrateghic havestatanaswmows e npbiledationdntridsmitraty Bighst iwteppl enent al
channel until taﬁlgw%cf tgiatﬁeeﬁ%b&s%%rgrdnﬁ ARE Ble VGl 535 p&vdk bedutro] fifesRAFE Stat!on

assunes the curren
15 set accordingly.

In the exemplary operations set forth in Figure 6, the rate of the data
communicated upon the reverse supplemental channel is always equal to, or less
than, the data rate that is granted by the base station. That is to say, Rate 11is less
than or equal to Rate_grant 1. Because the bésc station does not know the data

20 rate of the data communicated upon the reverse supplemental channel] until the
rate indicator is received correctly, the base station assumes the current rate,
Rate I equals the Rate_grant i. And, the outer loop power control threshold is set
accordingly. Through this operation, there is always enough power in the pilot
signal sent on the reverse pilot channel to guarantee the required frame error rate

25  on the reverse supplemental channel.

Figure 7 illustrates an impicmcntation in which a fast rate indication is
multiplexed into the reverse pilot channel, thereby to provide the base station with
an indication of the data rate change at the earliest possible time. The first
sequence 126, illustrates the reverse pilot channel and the reverse power control

30 subchannel during successive time periods within a time frame, each defining a

power control group 128.



Rate | equals the Rate_grant _i. And, the outer |oop power control threshold
Is set accordingly. Through this operation, there is always enough power
in the pilot signal sent on the reverse pilot channel to guarantee the
required frame error rate 25 on the reverse supplenental channel. Figure 7
illustrates an inplenmentation in which a fast rate indication is

mul tiplexed into the reverse pilot channel, thereby to provide the base
station with an indication of the data rate change at the earliest
possible tinme. The first sequence 126, 1Bl lustrates the reverse pi | ot
channel and the reverse power control 30 subchannel during successive tine
periods within a tine frane, each defining a power control group 128. 18
The second sequence It $egand saquesce ifjastraies e severse piat andireversspilos ehapidl ot channel
and reverse povwgh r&@t@éﬁ&%r%&%h%@ﬂm&l Bkt felerle HAYEE SRichAR rate

I ndi cati on subchannel” (R-F ng 132 de |ned pursuant to an enbodi ment of
t he present HW‘@?I‘iFmEh(R E&@CHB definedipuragoide ewembadimsent af the presrot r ever se

pi | ot channel, Vifas everse
power control subg?t(gﬁn ﬁe?ﬂlﬁggiueﬁﬁélgﬁg%é@g}ég&g?@t|on anég%gep Sé

embodi nent of tihﬁérqtmeé!eattonusuhﬁlmmbwdres@rsen@warucgmoésuuchmelnhﬁw sel ect ed
power contr ol g{tfplg ontrol bits of the
reverse link p vve?anéon roaﬁnsﬂﬁﬂ%rbt{t bogﬁgent%{%%%é% gﬂ‘ﬁ:ﬁ'{ "val ues t hat
define the reverse Padhe Figireillpsitptesaiclcotnd parer henfrobbits, $ush 29the fiest one

I mpl enent at [ on, i gnal

gener at or sh ﬁvvﬁ it @hﬂ?lgts o@&{éﬁ%@%%&%?y g‘g &acgﬁ%&l ?%CHH"Q]EF% ation

gener at or that pgmp@w&v wasdhat defttiedhet revanss feshrate indidativatsebchirmelddt a rat e t hat
IS insertedign IR ation, the
val ues are }%stg??é@ﬁ%ﬂ\llég%aﬂg%r ap}llgfrjs@%f%%l?ﬁgfes}lm t }?‘Bpﬁ%]’g&glt%{as‘??%n can al so
puncture a portshwmfFiaumal ﬁlm/me@éespsBmtcmﬁﬂaatmlgenemtwrh@tfgenesatesl‘aeand second

power control ese

positions formt %EO?EEE anneltﬁéﬁl%acﬁkt%gsgﬁ—e(ﬁ *‘ﬁ&%é%ﬂ?e St %I%nl% changes
data rates andn adaﬂwsmltrh@tmmhe Vaduee bre isadedvEn cwharoAltamtelwpﬂmg to t he
nom nal attrib | r]:%! J

specified in t%ﬁé%%a@c%ggssgeEW| %t I on er%&%&%ﬂ%@ @fsif Em The base
station hol % whéscoendmowkvapirolerpupwdine casnindiotiontbite Blsatedsnts thesche first one
or two power C?)Qgi{ié}ts f%%%uﬁ%ﬁatﬁgf, the R-FRISCH. The mobile station changes data

rates and adjusts the power levels and T/P ratios according to the nominal attribute

gain and multiple channe! adjustment gain, all as specified in the operating
specification of the CDMA 2000 system. The base station holds the outer loop
20 power control thresholds in the first one or two power control groups of this
frame, and adjusts the outer loop power control threshold thereafter according to
the rate change information conveyed in the reverse fast rate indication
subchannel. Fast rate indication can alternately be realized in other manners, such
as by multiplexing the values together with the reverse rate indicator channel (R-
25 RICH). The definition and use of the R-FRISCH permits a base station to adjust
. the outer loop power control threshold quickly. The bits can also be used together
with the R-RICH to decode the detail rate indication information in a finer
resolution.
Through operation of any of these embodiments of the present invention,
30  fast stabling of the power control loop is provided with minimal change to the

existing operating specification.



frame, and adjusts the outer |oop power control threshold thereafter
according to the rate change information conveyed in the reverse fast rate
i ndi cati on subchannel. Fast rate indication can alternately be realized in
ot her manners, such as by nultiplexing the values together with the
reverse rate indicator channel (R 25 RICH). The definition and use of the
R-FRI SCH permts a base station to adjust the outer |oop power control

t hreshol d quickly. The bits can al so bedgsed together with the RRICH to
decode the detail rate indication information in a finer resolution.
Through operation of any of these enbodi nents of the present invention, 30

fast stabling of the ¢contro|l loop.is vided with mni mal change to
the existing operatngpgﬁﬁéﬂFPE@Fpﬁﬁe°§@£& exgiples for anplgRERivg fei ons ar e

of preferred exavahas ai&d)thehmpeefmeltﬂvéﬁoh%uldnmeﬁscbgamya@ﬂlﬂt&ﬁbﬁﬁ@pe of the
i nvention shoul d not, necessari | limted by this descriptiion. The scope

of the present YeRRFBHN Jhe peopgekt w&seﬂyﬂmeowriﬁw hy theifaliqygng clgjms.



