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[ 1001] Thwoprems®ss i nvention relates generally to data comeanisozvicon, 10
and nore particularly to novel and inproved techniques for adjusting a
target received signal quality, or setpoint, for a power control loop in a
W rel ess comunication system Backgrognd 15 [1002] In a wreless

comuni cation system a user with a renote termnal (e.g., a cellular

phone) comuniNiEEHOD ANDAPPARATUS FORAADJUSBINGPOWER>r war d and
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reverse link refers to transm ssion SYSIKEME renote ternminal to the base
station. The forward and reverse links are typically allocated different
frequency bands. [1003] In a Code D vision Miltiple Access (CDMA) system
the total transmt power from aBACK N s typically indicative of
the total capacity of 25 the forward link since data nmay be transmtted to
a nunber ofjdlgers concurrently over a shared frequency band. A portion of
the total transmt power may be allocated to each active user such that
the total penpgate Thegsresdrit iPOVRfioh Geladéd cunanllyi o HeRscématuricatisayal to
the total available transmt power. 30 [10%4] To maxim ze the forward |ink
capaci tlf), ahé mererparticulsslyeto nevelamshimprayed teehmiques foregdjbsting attargated by
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Background
15
[1002] In a wireless communication system, a user with a remote

terminal (e.g., a cellular phone) communicates with another user via
transmissions on the forward and reverse links with one or more base stations.
The forward link refers to transmission from the base station to the remote

20 terminal, and the reverse link refers to transmission from the remote terminal
to the base station. The forward and reverse links are typically allocated
different frequency bands.

[1003] In a Code Division Multiple Access (CDMA) system, the total
transmit power from a base station is typically indicative of the total capacity of

25 the forward link since data may be transmitted to a number of users
concurrently over a shared frequency band. A portion of the total transmit
power may be allocated to each active user such that the total aggregate
transmit power for all users is less than or equal to the total available transmit
power.

30 [1004] To maximize the forward link capacity, the transmit power to
each remote terminal may be controlled by a first power control loop such that
the signal quality, as measured by the energy-per-bit-to-total-noise-plus-
interference ratio (E,/N,), of a transmission received at the remote terminal is

maintained at a particular target E,/N,. This target E, /N, is often referred to as



mai ntai ned at a particular target Eb/N,. This target E, /N, is often
referred to as WO 02/ 075955 PCT/ US02/ 07697 2 the power control setpoint
(or sinplwo oehesoset point). A second power control | oop i ecryysozedeby

enpl oyed to adjust the setpoint such that a desired | evel of perfornmance,
e.g., as neasured by the frame error rate (FER), is maintained. The
forward |ink power control nmechanismthgs attenpts to reduce power 5
consunption and interference while maintaining the desired |ink
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frame erasghe foewded datlegpowereconttdleniechamisivs thusattengds ito reduce Jpower
Conversely, the setpoint is decreased by a smaller step (e.g., AD= 0.01
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hi ghly desirable. 25 SUMMARY [10081 The present invéntion provides power

control tedini=q063 dB) wieheeern adramadp gebpetly deevded ntFaf thas pdvaame,cidwet r ol
'oop in a mel.'arrreule ee1§rsor rate is approximately equal to the ratio of the “up” step over the
* “down” step (i.e., FER = AD/(AD+AU)).

15 [1006] The setpoint adjustment scheme described above results in a
sawtooth response for the setpoint. This sawtooth response may result in
transmission at higher power level than necessary since the setpoint can only
be decreased in small steps. Moreover, accurate adjustment of the setpoint to
reflect changing link condition is hindered by the fixed and small adjustment

20 steps.

{10071 As can be seen, techniques that can be used to effectively adjust
the setpoint of a power control loop, which may reduce transmit power

consumption and interference and further increase system capacity, are highly

desirable.

25
SUMMARY

[1008] The present invention provides power control techniques to
effectively adjust the setpoint of a power control loop in a wireless
30 communication system. The setpoint may be adjusted based on a set of factors,
which may include the frame status indicative of whether or not a transmitted

frame was received correctly. In one aspect, the setpoint is adjusted based, in



30 conmuni cation system The setpoint may be adjusted based on a set of
factors, which may include the frane status indicative of whether or not a
transm ttwo o2forase was received correctly. In one aspect, PCTEIS®BOOT Nt i S
adj ust ed based, in WO 02/075955 PCT/ US02/ 07697 3 part, on one or nore
(typically "soft" or multi-bit) netrics obtained for the received and
decoded frane. Such netrics may provide3information indicative of the |ink
condition and nay be advantageously used to nore accurately adjust the

set poi nt. Phe, set pué or mmaye heypacillys t sdft’i or dnfiltebdhmetnian @bdained/for ths by

di fferent anpunts dependjng.on the tric values. [,100 VariqQus. netrics
may be use®deqesred ?‘Ffﬁgﬁ%ﬂdel‘gﬁx?ﬁ’@ dBeigigsApay HWWEF%%maQQﬁéP [Rdveone or
nore netri . t for any f r i (FEC
such as a ggﬁﬁ%ﬁh@ﬁegnaﬁﬁ{gg‘dgﬂda&%r oagg’r }eb{?gaoblslé/(r: gecgggeﬁggénag%@%g?g.
These netr hdfusithe setpoinge Thersetpuinodey sy adjobteel inodiffeadrer rhnf&ERNdiod a

re-encoded power netric (for all decoders), a "nodified" Yamanoto netric
(for a Sonbyldifferenthmesedsidependingiomifesnetsicaradges. (1 og) i kel i hood ratio
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[1010] I'n 3aRihAENESEESRdrallyNEns BF RUrBImERs RRayABE Yeh&@tdRfstthny fori@kd, on
the difference between the’received signal qudlity and the setpoint (i.e.,

a power searnok werrectimgtode (FEC)Thich @l d cosvalhtonat qaiena Tuobbeodeljaklioeld i n a
manner to account for t i dentified responsiveness of th ower caontr ol
nechani sm £® e/@r@gthﬁsw &%@S"CWF? &Y i‘r.‘cg‘.l‘,ge @h’?’%‘Eﬁoﬁiefi)ﬁyé’FebcngrF%éﬂ'tepovver
control,q o 0 i.pt ai e i .S I j t .t ngk-nt ) .
In yet 1a(l)|no?‘ﬁ5e$) gg‘gecrg?,rgt éBdégt Béﬁ%? Mn%&l egglgj ﬂgggéfogégi’d,a P?%ggltga on the

di f f er ence Yagiateeto triveris §fdaoh ndonvahetichdl desdet)d rinilNummerdederhge (ogjesi r ed
| evel of performance (e.qg., 1% FER). [1011] The power control techni ques
descri bed h&ekhopd zatipe( afeeng \hitsi dusthei deraded demme mndinunbey Sfens
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15 [1010] In another aspect, the setpoint may be adjusted based, in part, on
the difference between the received signal quality and the setpoint (i.e., a power
surplus or deficit). This allows the setpoint to be adjusted in a manner to
account for the identified responsiveness of the power control mechanism to
changing link condition (i.e., the ability of an inner power control loop to
20 maintain the received signal quality at the setpoint). In yet another aspect, the
setpoint may be adjusted based, in part, on the difference between the setpoint
and a threshold E, /N, needed for a desired level of performance (e.g., 1% FER).
[1011] The power control techniques described herein can be used for
various wireless communication systems (e.g., c¢cdma2000 and W-CDMA
25 systems), and may be advantageously employed for the forward and/or
reverse links. Various aspects, embodiments, and features of the invention, as

described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
30
[1012] The features, nature, and advantages of the present invention will

become more apparent from the detailed description set forth below when



described in further detail below BRI EF DESCRI PTI ON OF THE DRAW NGS 30
[1012] The features, nature, and advantages of the present invention wll
beconme nowe eappmsent fromthe detail ed description set forch/iuset/owsnhen WO
02/ 075955 PCT/ US02/ 07697 4 taken in conjunction with the draw ngs in which
| i ke reference characters identify correspondingly throughout and wherein:
[1013] FIG 1 is a diagramof a spread gpectrum comuni cati on system that
supports a nunber of users; 5 [1014] FIGS. 2 and 3 are bl ock diagrans of an
enmbodi nent takenairbaepjurstiani withathe alraeimgse in ewhichalike rreégrencd wbhsactexhi ch

are capabl e of inplenmentin one aspect nd .enbodi nents of the invention;
[1015] FI Gdentify C%“S?Ié%cgﬁgb’f aﬁo?ﬁb@ﬁ?%‘qSWﬁ‘Er%i/\/er control mechani sm
capabl e of g4 enent | : ' : [ i on;
10 11016 MBI 5o ERY, £5 4 AidlrReBF  spRoi PR Bicalen TR

utilizing mdtauggoﬂE’a&tLﬁﬁbémf@@rsrased frame and a snmall DOMN step for a
good franme; [1017] FIGS. 6A and 6B are diagrans illustrating the transmt
pover afd [104] power Fia%p? @ad 3 expdilock diggramsy obanestahpdiznsnt ofapdisesi on;
15 [1018] FEI 7is afl di agrnam of a praocess far adjusti.n h oi nt
in accor daﬁg‘gnﬁnpﬁa 5‘?\‘“8%0\,\{8 tregPe?thVeé? ’n\‘/&@i B P I#&pgﬁigégd 8B
show pl ot SsQhe 368t ndl REABYBmERESHStHRGMPEnticr Pl us, which may be used for
scaling the setpoint step size when a receive frame is erased and
correctly fasHed, rEKpettis aaliggrazd Jf 0RovaEHGInlO poiner acotitnd maeshanism ng

hi stogranms for one nmejfric for a . nunber of different sqe;ftgtﬁgi,nt

sur pl us/ def#R3ble obitpPlerrEntingreEain RSPEctsang Sﬁ}b&w’g‘ﬁﬁﬁ MBI ¢ he
set poi g SieR! zeS ERE. 5t f1C MhiskAMh AMbskHAREC Seigkitk bBjhFenPAcndife
utilizing a large UP step for an erased frame and a small DOWN step for a
good frame;
{1017] FIGS. 6A and 6B are diagrams illustrating the transmit power and
the power surplus, respectively, for an exemplary transmission;
15 [1018] FIG. 7 is a flow diagram of a process for adjusting the setpoint in
accordance with an embodiment of the invention;
[1019] FIGS. 8A and 8B show plots of scaling factors versus power
surplus, which may be used for scaling the setpoint step size when a received
frame is erased and correctly decoded, respectively;
20 [1020] FIG. 9A is a diagram showing histograms for one metric for a
number of different setpoint surplus/deficit; and

(1021] FIG. 9B is a diagram showing plots of the setpoint step sizes for
the histograms characterized in FIG. 9A.

25 DETAILED DESCRIPTION

[1022] FIG. 1 is a diagram of a spread spectrum communication system
100 that supports a number of users. System 100 provides communication for a
number of cells, with each cell being serviced by a corresponding base station
30 104. Various remote terminals 106 are dispersed throughout the system. Each
remote terminal 106 may communicate with one or more base stations 104 on

the forward and reverse links at any particular moment, depending on whether



[1022] FIG 1 is a diagramof a spread spectrum conmuni cati on system 100
that supports a nunber of users. System 100 provi des comuni cation for a
nunber ofwoekb®9ssM th each cell being serviced by a corregporunngehnse
station 30 104. Various renote termnals 106 are di spersed throughout the
system Each renote termnal 106 may conmuni cate with one or nore base
stations 104 on the forward and reversg |inks at any particular nonent,
dependi ng on whet her WD 02/ 075955 PCT/ US02/ 07697 5 or not the renote
terminal i oractitheremotethenital inactinserand wihether arotat ihisriagoft haxdofEhdén i n
FIG 1, basg stati 04a communicates wth.renote . termpnals 106a 106D,
106¢, and- THBHM riChas P2s§ SITKR HOAL QCBMATIFAER Bet AOPISETE: PG nal &
106d, 1069’18(3‘6‘9 16857 an io%g?%nd 33a%¥3§l?3b1110@04@ AR GRS Makh Sfentdi2

coupl es to base stations 104 and nmay further couple to a public swtched
t el ephone netmimals 0BT N)6e, ag 106fn control | er 102 provi des coordi nati on and
control for the base stations coupled to it. Systemcontroller 102 further

control 9 t F023but i nglwsystemeHioAsysterm rentapiiergl des; terbasa stadionsd 04and

bet ween rempt,e termnals 106, and the. 10 r oupl o] T -
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be designed’to support one or nore CDMA standards such as (1) the
"TI A/ El A- 95o@pldbtiol i SyateinoreoBtrotesi 62 iferthexCopmtaols theiroytigganfatetephone

Dual - Mode W deband Spread Spectru |1yl ar 15 Systent (th - 95

ot andar . oS e R e ESE HU Gt M TrnelE, i 106 ARl the

Dual - .deb I u : g}%ly,g t &t 1100 : 98

st andar g; , \G%%% ?ﬂ%lg@gﬁﬁ$?%r§ bb‘hghg{)ﬁs r tclgrﬁes 'ngi%re QBSrt%Iﬁ&%rhlg'at i on
Par t ner shi Syktea esritrol{c3@PR)is alzd refebredi tethsi abasesedtiaaf cataraltefBSC).i ncl udi ng

Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 20 25.214
(the W COMMO24dndar dPysten) 10Qemay abrislegigaretletx qupport enssr moten CRMdd "3rd

Gener 21, O CRGRT I, OG5\ CACTEA 8% AR rtngsh, sbon
C. S0011- A anfinfatiKIfBP Stdrithra dsr 2008 -Slodedwidibarl SpesR] Spbekust eelalA-
15 System” (the IS-95 standard), (2) the “TIA/EIA-98-D Recommended Minimum
Standard for Dual-Mode Wideband Spread Spectrum Cellular Mobile Station”

(the 1S-98 standard), (3) the standard offered by a consortium named “3rd

Generation Partnership Project” (3GPP) and embodied in a set of documents

including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS

20 25214 (the W-CDMA standard), (4) the standard offered by a consortium
named “3rd Generation Partnership Project 2” (3GPP2) and embodied in a set
of documents including Document Nos. C.50002-A, C.50005-A, C.S0010-A,
C.S0011-A and C.S0026 (the cdma2000 standard), or some other standard.
These standards are incorporated herein by reference.

25 [1025] FIG. 2 is a block diagram of an embodiment of base station 104,
which is capable of implementing some aspects and embodiments of the
invention. On the forward link, data is provided to a cyclic redundancy check
(CRC) generator 212, which generates and appends a set of CRC bits for each
frame (or packet) of data. CRC generator 212 may further format the frame into

30 a particular format defined by the CDMA system. The formatted frame is then

encoded by an encoder 214 with a particular coding scheme, which may



These standards are incorporated herein by reference. 25 [1025] FIG 2 is a
bl ock di agram of an enbodi nent of base station 104, which is capable of

i npl enentwog@2o03¥8s aspect s and enbodi nents of the inventi @aT/iGa2/b1se7 f or war d
link, data is provided to a cyclic redundancy check (CRC) generator 212,
whi ch generates and appends a set of CRC bits for each frane (or packet)
of data. CRC generator 212 may further gformat the frane into 30 a
particular format defined by the CODMA system The formatted frame is then
encoded byirmuda@odsrvotidomilt dode, paluitucade,codlodk sedener, awonehinatign WO

02/ 075955 PCT/ USQ2/ 07697, 6. i ncl.ude convol uti onal de, a . Turb qQde, a
bl ock codethesgol ﬁmﬂ%ﬂ&ﬁamﬁﬁ%}r&aﬁ‘?awﬁe@@n% re Hrtgrl%\feé?%léaoed

(i.e., reo hnt r; i 1 i Gul ar
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data is prpozdpd to TheudieriRhoed d¥ED)s pidided to af motdbdatop (MOISE2B ardg. ,
covered with a cover code, spread with short PN sequences, scranbled with
a long PN &udhern peocessadyied. t eovered reithpp egnver eipsice spreachiwidhn shostl BN on) .
The nodul ated data is tbea‘&rﬁvilded an RF TX.uniﬁit ﬁieo %nd r(Izorndic;ieoned
(e.g., conVeHHEEEY SR 8 ‘NGOG SUASE 85SIaNET 19 M e RP et
quadr at ur eJppdHhRLAG: sPOR). SThe Mhod Qla8RNEAA B theh ProRided tdkn REOTX unit0 The
forward link signal is routed through a duplexer (D) 222 and transmtted
via an ant 22hand26ntatidriee (esgrtentertadd tadiie pr nide2atjaldg sigradsh anaplifiddown i n

FIG 2 for si icity, b tati 04 i bl f [

L ansr £ 01 TRk d0FREE TrONBIRIECD ey OB A EBRTaTE 3 KTPRRGLEH SERPhal
tr . Bie gRodigls . . i hal
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channel ( s) vid &028jenhh G24 3o tite @enidteckrmiiraf(sgm of an enbodi nent of renote
termnal 106, which is capable of inplenenting sone aspects and

enbodi ment §10871 t he A ot shsvi dnidlcd 4 fosisimiplisty, baser dalipnd@4ds an
antenna 312, routed 20 throu a_dupl exer 314 and_provi ded t n_RA
Focai ver uRiRASS 5T Repeuda i wani iRttt ofg R T B AF el R et
anpl i fies, QuneQivéeltRunANITHE Prbéessity (€18, encoding, interleaving, covering,
15 and so on) for each forward channel may be different from that of other
forward channel(s).
[1028] FIG. 3 is a block diagram of an embodiment of remote terminal
106, which is capable of implementing some aspects and embodiments of the
invention. The forward link signal is received by an antenna 312, routed
20 through a duplexer 314, and provided to an RF receiver unit 322. RF receiver
unit 322 conditions (e.g., filters, amplifies, downconverts, and digitizes) the
received signal and provides samples. A demodulator (DEMOD) 324 receives
and processes (e.g., despreads, decovers, and pilot demodulates) the samples to
provide recovered symbols. Demodulator 324 may implement a rake receiver
25 that processes multiple instances of the received signal and generates combined
recovered symbols. The recovered symbols are deinterleaved by a
deinterleaver 326 in accordance with a deinterleaving scheme complementary
to the interleaving scheme used at the base station.
[1029] A decoder 328 decodes the deinterleaved symbols in accordance
30 with a decoding scheme complementary to the encoding scheme used at the

base station. The decoded data for each frame is provided to a CRC checker



recei ved signal and provides sanples. A denodul ator (DEMOD) 324 receives
and processes (e.g., despreads, decovers, and pilot denodul ates) the

sanpl es two jpnesvssle recovered synbol s. Denodul at or 324 maycrmsozomsat a rake
receiver 25 that processes nultiple instances of the received signal and
generates conbined recovered synbols. The recovered synbols are
deinterleaved by a deinterleaver 326 in_accordance with a deinterl eaving
schenme conpl enentary to the interleavin% schenme used at the base station

[1029] A de%«&d %m%ﬁg%ée{%@}%ﬂ?eﬁ e‘k'p‘ﬁkh%?itﬂ% g%%rﬁavxﬁgs %ﬁ?ﬁg&g chgrﬁeéﬁz %frd&ngﬁ%go
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base st ati Opasefhsh HRC Jdit @RUObitEAEYr badRecefveld s deebdedl RafRCCRECKer
WO 02/ 075955 PCT/ US02/07697 7 332, which determ nes whet her the frame was

decoded corcheckey32) piavides ofranimstetiisindidaéivepf eviuesheoke fivame waperasedt h
recei ved and decodﬁd fr , CRC checker 322 provides a frame status
i ndi cati ve OFPIYHREENAeREdt rame was erased or properly decoded. 5 [1030]
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per f or mancestatién i thGasEDb$ thé evtat afaasiiy potvkee. Togpvide Hosdesiedd deveh of
transm ssion fromthe base station nay be controlled to be as | ow as
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| evel of 10 _performance for .the transn ssion.. ]| recqi.ved si |

qual ity at ERGTPERRRGrom g tear sletBp B g sk onpicliet i bEFRIGH B Sedt e
decodi ng thﬁdﬁc@”%ﬁh@?' Bbhs @RSHSRSRhileNdtine AL ARNGE TRY O&ifTEMT $ed
(e.g., a higher FER). Conversely, if the received signal quality is too

hi gh, tA8 tpenrfiermangeofeerthe drerismissiom) dbthe kesleivedosignalt guality git thademotessi ve

anount of transm.t,k power nmay hay. been unnecessarily used for the
transm ssi offrmipglcis F%@@Qéfyg}fsxlgﬁﬁﬁ%‘bcgc&t 90“‘5%5' r‘f@ O‘ih%‘ngt ﬁ’é‘r TANGEESSIt 1 a
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also likely to be too high and excessive amount of transmit power may have

15 been unnecessarily used for the transmission, which reduces system capacity
and may further cause extra interference to transmissions from other base
stations.

[1031] On the reverse link, each transmitting remote terminal acts as
interference to other active remote terminals in the system. The reverse link

20 capacity is limited by the total interference that each remote terminal
experiences from other transmitting remote terminals. To reduce interference
and increase the reverse link capacity, the transmit power of each remote
terminal is typically controlled to reduce interference to other transmitting
remote terminals while still maintaining the desired level of performance.

25 [1032] The power control techniques of the invention can be used for
various wireless communication systems, and may be advantageously
employed for the forward and/or reverse links. For example, the power
control techniques described herein may be used for CDMA systems that
conform to the cdma2000 standard, the W-CDMA standard, some other

30 standard, or a combination thereof. For clarity, various aspects and



20 capacity is limted by the total interference that each renote term nal
experiences fromother transmtting renote termnals. To reduce

i nterferewoa202a3985 i ncrease the reverse |ink capacity, thepcmarsezitcopower of
each renote termnal is typically controlled to reduce interference to
other transmtting renote termnals while still maintaining the desired

| evel of performance. 25 [1032] The power control techniques of the

i nvention can be used for various wreless comunication systenms, and may
be advant agmbadimentsnfoydhe fisventient cirgardessribedr helowr ko1 jank spedite
exanpl e, the power .contrpl .tech h es described herein nmay be used for
CDVA syste‘ﬁ’ﬁpl{eﬁéﬁ“taté%rhf’f}rtﬁ? f%’“f‘ﬁg 2000 standard, the W CDMA standard,

some ot her[&%g\%ﬁtandam;. £ls & AN 0drivAea Al pbRer CoRbrld] Ynech@hispS
aspects an 02/ 075955 PCT/ US02/ 07697 8 enbodi Rents of the invention are
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FIG 4 is a diagramof a forward |.i rik power control nechani sm 4%0 capabl e
of i npl @neReweg cerirohprechapisnt 406 dacledsd anniknes 1oPp POXVETeIREQIGHD that poyer
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operates i junc Wt h an outer ower control 420. [1034] Inner
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quality of a transm ssion received at the renote term nal as cl ose as

possi bl e t thessigaalgguality/aofia transmsissisinyreceivedsdttpeirampte iyminalws tleseEps, 4,
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transmt sendinga power control command to the base station.

15 [1035] The power control command directs the base station to adjust its
transmit power and may be implemented, for example, as either an “UP”
command to direct an increase in the transmit power or a “DOWN” command
to direct a decrease in the transmit power. The base station adjusts the transmit
power of the transmission accordingly (block 416) each time it receives a power

20 control command. For the cdma2000 system, the power control command may
be sent as often as 800 times per second, thus providing a relatively fast
response time for inner loop 410.

[1036] Due to path loss in the communication channel or link (cloud 418)
that typically varies over time, especially for a mobile remote terminal, the

25 received signal quality at the remote terminal continually fluctuates. Inner loop
410 thus attempts to maintain the received signal quality at or near the setpoint
in the presence of changes in the communication link.

[1037] Outer loop 420 is a (relatively) slower loop that continually
adjusts the setpoint such that a particular level of performance is achieved for

30 the transmission to the remote terminal. The desired level of performance is

typically a target frame error rate (FER), which is 1% for some CDMA systems,



power of the transm ssion accordingly (block 416) each tinme it receives a
power 20 control conmand. For the cdnma2000 system the power control
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received frames is determ ned (bl ock 422). For each receivéd frane, a
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metrics, or possi her” factors (descri be e setpoint is
adj usted andpodipwgkiply bbthek facebys (Bepdritedd \below ), atHer degpdint decatjested
correctly, the received signal quality fromthe renote termnal is |Likely

to be hi ghascorfingly éelesk 424) T}l’ll?iéalblétif)éifmmﬁﬂ/@%ﬁdtfé’q%c% receiyRe| y,
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at the renmphe skgfdthialay thehibedleriuced BBgh@yeWhidhamay cause inner loop 410 to
15 reduce the transmit power for the transmission. If a frame is decoded in error,
the received signal quality at the remote terminal is likely to be lower than
necessary. The setpoint may then be increased, which may cause inner loop
410 to increase the transmit power for the transmission. And if the remote
terminal detects that no frame was transmitted, the setpoint is not adjusted,
20 unless other metrics are available to provide information on the potential
transmit power level.
[1039] On the forward link in a cdma2000 system, transmission on the
Forward Power Control Subchannel (F-PCSCH) may be continued while no
traffic channel frames are available. This lack of frame is allowed for the
25 Forward Dedicated Control Channel (F-DCCH). However, the F-PCSCH
would still be linked to the full rate power level (e.g., the difference between
the F-PCSCH and the full rate on the F-DCCH is announced by the base station
on overhead messages or handoff direction messages). Since the F-PCSCH is
composed of punctured-in bits in 16 different locations throughout a 20 msec
30 frame, those levels may be used to insert an artificial frame with a power

profile, to allow the remote terminal to generate the metrics described herein.



necessary. The setpoint may then be increased, which may cause inner |oop
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term nal wetoeot®s3 hat no frane was transmtted, the set poiPatr/uss2/omsh7
adjusted, 20 unless other netrics are available to provide information on
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where N can.be any integer greater than one, Since inner |oop 410 is
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a bad frandowrnearshadivstaent fwmgeed Games the sequised glapsed Himgnketwiega
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bet ween
on. In an PRESCSHERIRTFORS 16 fee FEPGEY 2tk oft T an fifg i FeAI8an be
set as AD EER*AW), » i RSrfy-Rhd FERYGan be set as AD/(AD+AU), where AU is the
15 amount of increase in the setpoint for an erased frame, and AD is the amount of
decrease in the setpoint for a good frame. The absolute sizes for AU and AD
determine the responsiveness of the system to sudden changes in the
communication link.
[1042] FIG. 5 is a diagram illustrating a setpoint adjustment scheme
20 whereby the setpoint is increased by a large step for an erased frame and
decreased by a small step for a good frame. As shown in FIG. 5, at each of time
indices t, through t,, the received frame is decoded correctly and the setpoint is
adjusted downward by AD. At time index t,, an erased frame is detected and,
in response, the setpoint is adjusted upward by AU. Thereafter, at each of time
25 indices t,, through t,, the received frame is decoded correctly and the setpoint
is again adjusted downward by AD. And at time index t,, an erased frame is
detected and the setpoint is adjusted upward by AU. The setpoint adjustment
continues in similar manner, resulting in a sawtooth response 510 as shown in
FIG. 5.
30 [1043] The sawtooth response for the setpoint may result in higher

transmit power level than necessary. The threshold E, /N, needed to achieve



15 anmount of increase in the setpoint for an erased frane, and AD is the
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because of sé@%ir{tj 18§ 8flect improving link condition is typically hindered.

15 [1044] In accordance with aspects of the invention, the setpoint is
adjusted based on a set of factors that may include the frame status. In one
aspect, the setpoint is adjusted based, in part, on one or more metrics obtained
for a received and decoded frame. Such metrics may provide information
indicative of the “goodness” of the received frame, and not just a hard decision

20 as to whether the frame was good or erased. This information may be used to
monitor the link condition and to more accurately adjust the setpoint. The
setpoint may be adjusted in different manners and/or by different amounts
depending on the determined goodness of the frame, rather than by only two
possible values for up and down.

25 [1045] In another aspect, the setpoint may be adjusted based, in part, on
the difference between the received signal quality and the setpoint (which is
referred to as the power surplus or deficit). This allows the setpoint to be
adjusted in a manner to account for the identified responsiveness of the inner
loop power control mechanism to changing link condition (i.e., the ability of the

30 inner loop to deliver the required transmit power to achieve the setpoint). In

yet another aspect, the setpoint may be adjusted based, in part, on the



and smal |l downward adj ustnent steps, the ability to nore accurately adjust
the setpoint to reflect inproving |link condition is typically hindered. 15
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adj ust ed based on a set of factors that may include the franme status. In
one aspect, the setpoint is adjusted based, in part, on one or nore
nmetrics obtained for a received and deroded frane. Such netrics may
provide information indicative of the "goodness" of the received frane,
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Generally, one or nore netrics may be obtained for any forward erraor
corr ect i ng thomwee{vEEQNik iscabla 40 anoriter/Blelquadiinlof dhe dinkaand, mpse @serately bl ock

acetver  uRfio Bie SIERTREE” Bl SREREECL TSI ARER) Vs ey B obta ned
from di ffejfy]types Miny €UONE SsysRIRS eH8918¢1€4 orRBlutional encoder at the
15 transmitter unit. For each frame to be transmitted, the convolutional encoder
encodes the data bits in the frame in accordance with a set of polynomial
generators to provide a number of coded bits. Each data bit is associated with a
set of coded bits (called a code branch), with the actual values for the coded bits
being dependent on the adjacent data bits and the polynomial generators.
20 Some of the coded bits may be punctured (i.e., deleted), and unpunctured
coded bits are transmitted. A sequence of coded bits or symbols is thus
transmitted for a sequence of data bits in the frame.
[1048] At the receiver unit, a complementary convolutional decoder is
used to decode the received “soft” (multi-bit) symbols corresponding to the
25 transmitted coded bits. Although various types of decoder may be used, a
Viterbi decoder is commonly employed for convolutional decoding. Under
certain assumptions about the channel noise, the -Viterbi decoder performs
maximum likelihood decoding of the transmitted coded bits.
[1049] Initially, the path metrics for all 2" states in the trellis are
30 initialized, where K is the constraint length of the convolutional encoder. For

each received code branch (which corresponds to a data bit), the branch metrics



their netrics are described in further detail below Via these various
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15 [1051] Various metrics may be obtained in conjunction with a
convolutional decoder to monitor the link condition and for setpoint
adjustment. These metrics include (1) re-encoded symbol error rate (SER), (2)
re-encoded power metric, (3) “modified” Yamamoto metric, and possibly
others.

20 [1052] Referring back to FIG. 3, to determine the re-encoded SER, the
decoded data bits in the decoded frame are provided from decoder 328 to a re-
encoder 334, which re-encodes the data with the same convolutional encoder
used at the transmitter. The coded bits from the re-encoding are then
punctured with the same puncturing scheme used at the transmitter(if any) to

25 generate coded bits.

[1053] A SER and correlation detector 336 receives the generated coded
bits from re-encoder 334 and the received symbols from deinterleaver 326. The
generated symbols are then compared, symbol-by-symbol, with the received

symbols (which have been transformed to hard-decision or binary values).

30 During the comparison, errors between the generated bits and received



best path netric is selected as the sequence of data bits nost likely to
have 10 resulted in the received synbol sequence. [1050] The theory and
oper at i orwofo2ih®s3/i t er bi decoder is described by A Vit erhir/tuSa2/erepaper
entitled "Convol utional Codes and Their Performance in Conmunication
Systens," | EEE Transaction on Conmuni cati on Technol ogy, Volunme COML9, No.
5, Cctober 1971, pages 821-835. 15 [105H Various netrics nmay be obtai ned
in conjunction with a convolutional decoder to nonitor the link condition
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recei ved WO 02/ 075955 PCT/ US02/ 07697 4 s ol s, are count The
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relate o] soft synbo W thin the frame, which nmay be
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the trellis. Duri n%e]%he Vi terbi decodi ng process, at each stage of the
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COMMUNICATION SYSTEM,,” issued May 12, 1998, assigned to the assignee
15 of the present application and incorporated herein by reference.
[1056] A high re-encoded SER is indicative of poor link condition, which
may necessitate an increase or a smaller decrease in the setpoint after a
successful decoding of a frame. Conversely, a low re-encoded SER is indicative
of better link condition, which may allow for a larger decrease in the setpoint
20 after a successful frame decoding. Generally, increasingly higher re-encoded
SER corresponds to increasingly worse link condition than that corresponding
to the current setpoint.
[1057] To determine the re-encoded power metric, the decoded data bits
in the decoded frame are first re-encoded by re-encoder 334 with the same
25 convolutional encoder and then punctured with the same puncturing scheme
used at the base station. SER and correlation detector 336 then receives the
generated coded bits from re-encoder 334 and the received symbols from
deinterleaver 326. An inner product is then computed for the vector (i.e.,
frame) of received soft symbols and the vector of generated coded bits. The
30 inner product is performed by multiplying the two vectors, element-by-element

(i-e., bit-by-bit), and accumulating the resultant products of the multiplications.



summi ng the normalization perforned on the path netrics throughout the
trellis and the final nmetric in the trellis. Thus, the re-encoded SER may
be 10 obweim@dsss om the Viterbi decodi ng process. [1055] pPCrassdevmpmM nati on
of the re-encoded SER is described in further detail in U S Patent No.
5,751,725, entitled "METHOD AND APPARATUS FOR DETERM NI NG THE RATE OF
RECEI VED DATA I N A VARI ABLE RATE COVMJS CATI ON SYSTEM " issued May 12,
1998, assigned to the assignee 15 of the present application and
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conput ed f g§ alcbfrekRinMetivices the ré-AcBRIedframeGeidvee ré@dived yahed. s and the
vector of generated coded bits. The 30 inner product is perforned b

mul ti pl yi nflOSBE two lrecnotlzer embadimendy -am iment produck of tl%ktp@yebid)t, eand

scoum o | nge I LSRALETE Rrodiehs fuhe IV LLplL cot pnc, 0, 01075055
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frame, y desabesofdyparet evd@blbits and squared received symbols.
[1059] The determination of the re-encoded power metric is described in
further detail in U.S Patent No. 6,175,590, entitled “METHOD AND
APPARATUS FOR DETERMINING THE RATE OF RECEIVED DATA IN A
15 VARIABLE RATE COMMUNICATION SYSTEM,” issued January 16, 2001,
assigned to the assignee of the present application and incorporated herein by
reference.
[1060] The re-encoded power metric incorporates some elements of the
re-encoded SER. If the generated coded bit has the same sign as the received
20 symbol (i.e.,, no symbol error), the resultant product is positive and increases
the power metric. Conversely, if the generated coded bit has opposite sign as
the received symbol (i.e., a symbol error), the resultant product is negative and
decreases the power metric. A received symbol with a larger magnitude
increases (or decreases) the power metric by a larger amount than one with a
25 smaller magnitude.
[1061] A higher re-encoded power metric is generally indicative of better
link condition, which may allow for a larger decrease in the setpoint after a
successful frame decoding. Conversely, a higher re-encoded power metric is
indicative of poorer link condition, which may necessitate an increase or a

30 smaller decrease in the setpoint after a successful frame decoding. Generally,



5 synbols, Nis the nunber of coded bits in the frame, and Pn(z, y) is the
power nmetric for the received frame. The inner product in equation (1) may
be vi ewedwoag/assdrrel ati on between the re-encoded frane aad/usazoreerei ved
frame. [1058] In another enbodi nent, an inner product of the power of the
synbols may al so be conputed. In this case, each received synbol and each
10 generated coded bit is first squaredsé The inner product is then
performed on the vectors of squared coded bits and squared received

synbol s. [ reS&dsigly ldgh@rne‘rempﬁed poiwertaetric eneespondp doimcraggingly hegter
described j.n, further detail in U S Patent No. 6,175,590, entitled "METHOD
AND APPAR!&?&SOP@’Q‘QBEF%&MNP FHECRATRPEItRECEI VED DATA IN A 15 VARI ABLE

RATE COVNUMO@%]“ ON SYRI %ailffeaSYﬁﬁamg%}étrﬂcﬁis BERY: on 3R 'r%ﬂﬁ)‘i}nétﬁg% he

assignee of the present application and I ncorporated herei reference.
[ 1060] Thetheee@vabgitohglalseoding. r Thke Viteobipdecaties nsainind treepdth métridfer
re-encoded SER |f the generated coded bit has the same sign as the

recei ve@ U bostrath(at each of 2 s\skdfes ivrthertyellis.n dhecpajhy witth Hieokrst tpath
positive and. i.ngreases,the, powe rlG. nver sel I h ed coded
bit has opBbegl‘f °rs?a‘§ﬁta£e§‘ lg_trﬁ%lc?l«l’égigl %%tgasafgﬁglrg?slsﬁﬁé}y gé%{/eﬁ"g%g?grggagélg_ t he
resul tant PrEFHEIfled Y@EaHOE nidtdic 1986diRAGES of ke POMBHeritR i the dbcbaegi ved
synbol with a | arger magnitude increases (or decreases) the power netric
by a | ar geresahtpand is basecdbnn the idifferen2s betwieére tharerjedted deest] paduthroughgher
re-encoded, power. netrjc,is generally ipdicative of better _link.condition,
whi ch may &9 duelisrang |the ga tdébsg%tsgaﬂh tf‘ﬁ%u%léttg‘ﬁi E‘Fhlé?fteTO a&erémgg‘gsf ul
frame decoflifendddy Satfdford nlliBlietnd BifEANC ROUGT (HEHebF ahd sekfdical: ve
of poorer i1 nk condition, I ch may necessitate an 1 ncrease or a smal | er
decr ease i bedthsathanhparidstis abihgparad agadestsf threfhaldevalae adi gemerdterebalalry, WO
02/ 075955 PCT/ USQ2/ 07697 16 increasingly higher re-encoded power netric
cor r espond¥alus, Whiekds indjrativeet shethemer sehiia selacted pathveeqts at ¢rstainr r ent
zfet poi nt . L&Qf?&énclhc%t&'i’g' fied Yamanoto nmetric is based on the path netrics

[1063] The modified Yamamoto metric is also generated based on the

15 path metrics of the selected and next closest paths. However, the modified
Yamamoto metric can be a soft value (i.e., a multi-bit value) and includes
information indicative of the difference between the best and second best path
metrics. In some embodiments, the modified Yamamoto metric may also
include a component related to the actual value of the best path metric. If the

20 difference between the two path metrics is large, the modified Yamamoto
metric is high and indicative of greater confidence in the selected path being the
correct path. Conversely, if the difference between the two path metrics is
small, the modified Yamamoto metric is low and indicative of less confidence
in the selected path.

25 [1064] Other convolutional decoder metrics may also be obtained and
used for link monitoring and setpoint adjustment, and this is within the scope
of the invention.

[1065] CDMA systems are typically capable of transmitting a frame at
one of a number of possible data rates. The selected data rate may be based on

30 a combination of factors, which may include the amount of data to be

transmitted, the amount of available transmit power, and so on. If the data rate



t he convol utional decoding. The Viterbi decoder maintains the path netric
for 5 the best path at each of 2"-' states in the trellis. The path with
t he best wetok/omwssic for all states is typically sel ect edpPas/ushBomost

i kely sequence of data bits. The nodified Yamanoto netric is indicative
of the confidence in the decoded result, and is based on the difference
bet ween the selected (best) path througly the trellis and the next closest
path through the trellis. To derive the 10 conventional Yamanoto netric,

t he differ &oet heowndn thagegriver und asprorid thehraseiviegt framet may dbej decodrgar ed

agai nst a threshold value to generate a hinar val ue lch, is indjcative
o whet hor PEHECHOR & PTGET oF FalF Rarsinaes: oIS TEANSH for desritfemesrPtlr | o

[ 1063] The fRAblrethdR0RBLQrBRA' ihthe 6t RPURS PRASENIQN slfs 7285 path
metrics of the selected and next closest paths. However, the nodified

Yamanot o nehd i6f1 75:890b & he mefrics\aktespondidrg, todheawhdstlikely vtk hgpotiedis arel udes
information indicative of the difference between the best and second best

path mdt r then used fos inkarppidpriagnad sefroirbadivp@Beamamt o metric may al so

i nclude a nent | at e t he actual ,val ue of the be path petnic. If
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sel ected path being the correct path. Conversely, if the difference

bet ween t héhe trangmithermanit i dbridarilsfnaispects hé the thvendionYaneedastobed thereini s | ow
and indicative of |legs confidence in the selected path. 25 [1064] O her
ool ut | ol theRestilal crechiensieneprypliaial E6RS e BRdhe conertorar gk
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i nvention. (X systens are typically capable of transmtting a
frame at engploys avedomsitueht grassield epetatedl ingparallellied fet@nbattidatwithat e

may be based on 30 a conbination of factors, which may include the anount

of data toabwder iiereavesd, Eade cansfiftenbengeden otypiealbh émplemenied, asaad so
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information bits in a frame in accordance with a specifically defined
15 interleaving scheme. One constituent encoder encodes the original information
~ bits in the frame to generate a first sequence of parity bits, and the other
constituent encoder encodes the shuffled information bits to generate a second
sequence of parity bits. Some of the parity bits in the first and second
sequences may be punctured (i.e., deleted). The unpunctured information and
20 parity bits are transmitted as coded bits for the frame.
[1067] At the receiver unit, a complementary Turbo decoder is used to
decode the received soft bits corresponding to the transmitted coded bits. For
each Turbo encoded frame, the received soft bits are stored to a buffer. The
received information and parity bits for the first encoder are then retrieved
25 from the buffer and decoded based on the first constituent code to provide
“extrinsic” information indicative of adjustments in the confidence in the
detected values for the received information bits. The extrinsic information
from the first decoder is then stored to a storage unit in an interleaved order
matching the code interleaving used at the transmitter unit.
30 [1068] The received information and parity bits for the second encoder

are then retrieved from the buffer, combined with the corresponding extrinsic



based on a nunber of rate hypotheses. Techniques for decoding franmes with
unknown rates are described in the aforenentioned U. S Patent Nos. 5, 751, 725
and 6, 175v690/075pbe netrics corresponding to the nost |ikelPgTnsoroteypot hesi s
are 5 then used for link nonitoring and setpoint adjustnent. [1066] Many
CDMA systens al so enploy a parallel or serial concatenated convol utional
encoder (often referred to as a Turbo ergoder) at the transmtter unit.
For clarity, aspects of the invention are described herein for the
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(i.e., deleted). "The unpunctured information and 20 parity bits

transn tt ethafinaglodkeddbdtrestlts: t he frane. [1067] At the receiver unit, a
conpl enent ar ur bo coder is used t ecode the received spft bits
correspondﬁ%’ﬂo t he VEFIONS REtRee H@éfege mdqtgmeaow C@@Hﬁcﬁﬂ?b%ltgn%ﬁggof rame,
the recgj v te Di: St t : . i i ti on
and paricty S dioP R (ABISIAE 3ld bR SR Gle THEERSEE LILEATE 01 o1
and decodede-pasedtbDSERNQ) té-eatodradnsdwetigietric (8ptHeomirtiawird®r averdgel (hgg)c”

information indicative of adi'a_ust ments in the confidence in the detected
val ues f or likakhoed satie amarigobiiain de Beeadedriramex(4) e rumhenphiterasionss r om

the first decoder is. then stored-to a storage unit in an interleaved order
mtchi ng  RECEsaEckTE TR AT LRl e Mo LA or uni 1. 50' [ 1068] The
recei ved i pigypat i onTapd r@dhbdded! SER f hd  heef&SRIM &dehetrR’ &ahhee
retrieved fromthe buffer, conbined with the correspondi ng extrinsic WO
02/ 075955 BERiMSDIN0S68Iar manners as that described above for the convolutional

decoder. The decoded bits in the frame can be re-encoded by re-encoder 334,

which in this case implements the same Turbo encoder used at the transmitter

unit (including the puncturing). The coded bits generated by re-encoder 334

and the received soft bits are compared/processed in similar manner as that

20 described above by SER and correlation detector 336 to generate the re-encoded
SER and/or re-encoded power metric.

[1071] The Turbo decoder typically computes a log-likelihood ratio

(LLR) of each received information and parity bit as follows:

P@®, = 0)]

LLR(b )= log[ 6D

25 where P(b_=0) and P(b, =1) are the probabilities of the received bit, b_, being a
zero and a one, respectively. The initial probabilities are based on the received
soft value for the symbols. Successive probabilities are modified by iterations
of decoding as described above. An LLR of zero indicates an equal likelihood

of the bit being a zero or a one, a larger positive LLR value indicates greater



18 information generated by the first decoder and retrieved fromthe
storage unit, and decoded based on the second constituent code to provide
extrinsi cwoimfesosmt i on i ndi cative of further adjustnents ipcTiUse2/60mafi dence
in the detected values for the received information bits. The extrinsic
information fromthe 5 second decoder is then stored to the storage unit in
a deinterl eaved order conplenentary told he code interleaving used at the
transmitter unit. The decoding by the first and second decoders is

i terated alikehibeod of the ik beingya gledo, arkk af larger negrdivedLEBsvalue indira®s]

Various netrics be ob e |n conjunction with a Turbo 10 decoder for
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The re-encoded SER and re-encoded power netric can be 15 obtained in
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the received soft bits are conpared 7processed in simlar manner as that 20
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re-encoded SER [or re- 0 metri 7 The Tu .bo decoder
ypi cal |y CHEBULEE) £ B GorTIE Siugie LLRD Ty DRy tsst Sbeh giaroB ! the

i nfor 0 t (. (b, .,
=1) )nf'iitd25QO eérieerR%(%f ﬂ%)taegﬁgé%?‘%lrrnﬁgyﬁgre % %fr%)gugll%qt(?e‘go% I Iﬁeé)rpg ei ved
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decoded frame. With each iteration, the confidence in each received
15 information bit increases until it asymptotically reaches a final value. A Turbo
decoder may employ checks during the decoding process to terminate the
decoding if the LLRs for the bits in the frame exceed a particular threshold
value. Alternatively, the decoder may use a built-in error detecting function
(e.g., cyclic redundancy check (CRC)) to determine whether decoding has been
20 successful before reaching the maximum allowed iterations. In these cases, the
number of decoding iterations performed before declaring the decoded frame
may be used as a decoder metric.
[1074] Other Turbo decoder metrics may also be obtained and used for
link monitoring and setpoint adjustment, and this is within the scope of the
25 invention.
[1075] Similar to the convolutional decoder described above, if the data
rate of the received frame is not known a priori, the received frame may be
decoded based on a number of rate hypotheses, and the metrics corresponding

to the most likely rate hypothesis are then used for link monitoring and

30 setpoint adjustment.



WO 02/ 075955 PCT/ US02/ 07697 19 |ikelihood of the bit being a zero, and a

| arger negative LLR value indicates greater |ikelihood of the bit being a
one. [107®D oZlesoss ni mum or average LLR anong the bits in trha/wezoned frane
(after the final iteration) may be used as a netric. In sone applications,
a b5 frame may be deened unacceptable if any one of the decoded bits in the
frame is received in error. And in sonme@®ther applications, errors for a
smal | nunber of decoded bits in the frane may be acceptabl e. Thus,

dependi ng 6W76he reduiblodkntodd may Beplusedt tenenqade \Abesdal@LHormr do, the
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6, 8, 10, encgdwbiritbya lnlntle)of lrecfcﬂiai bt | The rin, k. ReddeSudemhohr @iate. is ‘Mpmbleach
iterati on the confidence in each received 15 information bit increases

until it aé’fl GREISEHRAMPY G Bukiveks by srrers within ghe hlogkrdin cadeddils: nisedsnpl oy
checks dur Lo L cASGATAI0 RESEISLOLERTLIRM Fue: sdanal B0 it LLAS

for the bi ceed res

Al ternati velogtello® ‘d8e66 EonbRY Qstng : Fuinldaneht&ls aoid AppREdticis, f PRgiticen
(e.g., cyclic redundancy check ( ) to determ ne whet her decodi ng has

been 20 sudldk 3988, pagkolél-idachi ng t he maxi rrum allowed iterations. In these
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Simlar toré—bﬁc@dﬂﬁ/@Em(Zﬁ)n@cbnd&tmhmwdemuthhdqimmﬂy othdrbe data rate of
the received franme is_not known a iori, the recejved frane nay be
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The decoded bits in the frame can be re-encoded by re-encoder 334, which in

15 this case implements the same block encoder used at the transmitter unit. The
coded bits generated by re-encoder 334 and the received symbols are
compared/processed by SER and correlation detector 336 in similar manner as
that described above to generate the re-encoded SER and/or re-encoded power
metric.

20 [1079] The inner power control loop adjusts the transmit power for a
transmission from the transmitter unit such that the signal quality at the
receiver unit is maintained at the setpoint. Under normal operating conditions,
the inner loop is able to deliver the required transmit power needed to maintain
the received signal quality at the setpoint.

25 [1080] However, in certain instances, the inner loop may not be able to
maintain the received signal quality at the setpoint. For example, if the path
loss suddenly worsens, the inner loop may not ramp up fast enough, the
transmit power is less than required to compensate for the path loss, the
received signal quality is less than the setpoint, and a negative power surplus

30 (i.e., a power deficit) results. A power deficit may also occur if the transmitter

unit is unable (or unwilling) to deliver the required transmit power to achieve



30 setpoint adjustment. WO 02/075955 PCT/ US02/ 07697 20 [1076] A bl ock code
may be used to encode the data prior to transm ssion. Various block codes
may be enwloagedssssich as a Reed- Sol onon code and ot hers. PoT/E02/(0T69%)

Reed- Sol onon code, a block of k data bits is encoded into a block of n
coded bits. The (n, k) Reed-Sol onon code is capable 5 of correcting up to
(n-k)/2 bit errors within the block of 21 coded bits. Reed- Sol onon codi ng
and decoding are described in further detail by S. Lin and D. Costello in
"Error Conthetargudi, AW, CPovemsabnifdhe pathllosssuddaniyomproves dhe inwer lpgp| |

1985, 171-176. [1077] Var | icS. be. obtai ned in conjuncti
it bl oBIEY T BRI 55t PR FOPTAY Paie S RO R aRaPRUFHETS Thaoe

metrics in : r&s = oded '
possi bly ol%éeégge.d(%%%%‘?Jaﬁ}ﬁgq?g%e}%gola&aerga)é"EéR&gﬁ@ﬁ'r e- e%@%\ggé églg%\grs Crr‘:}?alfi‘lrli’éij c can
be obtai nFHefppwer dulrphls isrthas énditativee of thesirmiek dvopraabdity ae dehistr desatr i bed

above. The decoded bits in the frane can be re-encoded by re-encoder 334,
which i ® 15hft<h‘i1t§ré%f§é59%’;fﬁ§nents t he sanme bl ock encoder used at the

transmtte it. Th [ n t re- der

recei ved s;]r@g# s ar efln g‘gc(r)?gg?%tf %V%P g‘%‘eg %&%{/%ﬁﬂ%ﬁﬁg&g’oﬁe é%egfqr%nﬁ%&gb thor
336 in si MAAMMRRIGS ndy bd htnitesd td kedfpharendrahganaeniodptib@elieegngoded
SER and/ or re-encoded power netric. 20 [1079] The inner power control | oop

adj ust s t héhe targeinEy/ NoviBre powen sutplusssrietsronnéd endtdomsidesed i makingni t
such t hat si gnal r I ned at.the

set poi nt . tﬁ%‘ﬁé?%?hﬁ%?%. ﬁ]&t‘ gghmcﬁ\égmf Elléet’ iéﬂ%ﬁ%ais?}t i Bey 0
G| V1k Y St SR A, Mefesin dekat gy Beedgestveds®] onel
| oop may nghrﬂix&xlabltané ointemiaht @i g, tahdraraepimidissitheadetpoiatti t Ynatnotier
setpoint. For exanple, if the path 1|o0ss suddenly worsens, the inner |oop
may not rafPbedimgst AdRRNer shEPIUp MAAK her einated; Basedsen tthe ruregaiived t o
conpensat e, f of. IE)QS p%%\t/eq 028801 bfiinands. If the UP and DOWN commands result
in the same step size (e.g:, 0.5 dB) in transmit power adjustment, the power
15 surplus may be estimated based on the sum of the DOWN commands minus
the sum of the UP commands. And if the UP and DOWN commands result in
different step sizes, the power surplus may be estimated based on the scaled
sum of the DOWN commands minus the scaled sum of the UP commands.
[1082] FIG. 6A is a diagram illustrating the transmit power for an
20 exemplary transmission. The actual path loss is represented by a solid line 610,
the required transmit power to achieve the target E, /N, is represented by a
dashed line 612, and the actual transmit power is represented by heavy dashed
lines 614a, 614b, and 614c. As shown in FIG. 6A, the transmit power needs to
be adjusted in a complementary manner to the path loss to maintain the
25 received signal quality at the setpoint. This is achieved for all of frame 1 and
most of frame 2. Toward the last part of frame 2, the path loss worsens by a
large amount but the transmit power is limited (i.e., capped) at a particular
maximum level designated by a dashed line 616. At the start of frames 3 and 4,

the required transmit power is determined to be greater than the maximum

30 level, and transmission is temporarily suspended for these frames. And at



received signal quality is less than the setpoint, and a negative power
surplus 30 (i.e., a power deficit) results. A power deficit may al so occur
if the treogniorives wunit is unable (or unwilling) to deliwemrusoworeenui r ed
transmt power to achieve WO 02/075955 PCT/ US02/ 07697 21 the target E, /N, .
Conversely, if the path | oss suddenly inproves, the inner |oop nay not
ranp down fast enough, the transmt power is nore than required, the
received signal quality is higher than the setpoint, and a 1gower sur pl us
results. famephwbe requiped sransmihpewiends determénest ta he bielnveth¢ omgximuani | ity
to deliver V\:hi’slt 5 the outer | oop specifies. [1081] In accordance with an
aspect of le¥&l RRALFANSEASSIPRLS FRSH nce of the inner |oop may be
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actual E, /N, (i.e., the received signal quality) averaged over a
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exenpl ary transm ssi on. ual pat oss Is re a solrd line

610, the gegthhadittpewenis camemsled © aahitaire thdfeceiededighal/ dhalitg at the
represented by a dashed line 612, and the actual transmt power is
r epr esent ethrggt BiddNpanthtieaepwer isplwliaagasuaeio. and 614c. As shown in FIG

the path | BUBE] o o FIGT7 tne Bevr Silirolls T 4, letiarii JoLe S RpE ot
This is aCQéngiﬁﬁfi, iQTacebldddce [WiBart dBodimait 8f thé dRPertion. OVEfidallyleal ast
part of fra 2, the path | oss worsens by a
15 received frame is decoded and a determination is made as to the status of the
decoded frame (i.e., whether the frame is erased or correctly decoded), at step
712. One or more (typically soft) metrics for the decoded frames are then
obtained, at step 714. These metrics are dependent on the type of decoding
performed on the received frame (e.g., convolutional decoding, Turbo
20 decoding, or block decoding), as described above, and are indicative of the link
condition and the confidence in the decoded results. The power surplus or
deficit for the inner power control loop is next determined, at step 716. Based
on the frame status, metrics, and power surplus/deficit, or a combination
thereof, the setpoint step size is determined, at step 718. The setpoint is then
25 adjusted by the determined step size, at step 720.
[1085] The metrics are typically correlated with the power surplus
described above. The power surplus may thus be taken into account when
adjusting the setpoint. For example, the amount of setpoint adjustment may be
related to, or based at least in part on, the amount of power surplus or deficit.
30 [1086] In an embodiment, if the power deficit is large (i.e., the inner loop

delivers much less power than required to achieve the target E,/N)) and the



| arge anmobunt but the transmt power is limted (i.e., capped) at a

particul ar maxi num | evel designated by a dashed |ine 616. At the start of
frames 3 wod247595%8 he required transmt power is determ ne@CrasSbBogpeat er
than the maxi mum 30 |l evel, and transm ssion is tenporarily suspended for
these franmes. And at WD 02/ 075955 PCT/ US02/ 07697 22 franme 5, the required
transmt power is determned to be bel @8 the maxi num |evel, and

transm ssion is resunmed. [1083] FIG 6B is a diagramillustrating the power
surpl us forecehwed fraamsns ssased, shevampuniFo6 segpoinDiadjugnfendrkased emghe
transmt power i 5.cantrolled to i ntain,the received signal ality at
the 't ar get MERTIRG desipeaboysvBny b6 Brueeds The Sodt mag B BUrersh 10F 2t s ane
2, the tra ' [yl t : j [ the
Carger by RrLpy, B Bah ¥ Rmal a5 HE 1AFeL Mhort FO, BERy ponfr0 R e
than the tgivgettiibidNperfone. a negative power surplus (i.e., a power
deficit) results. Since there are ng transm ssions during 10 frames 3 and

4, the Powk08dkfi citI gn ambedimendnthe amount ¢é seppintadjusgmenighases ont he

transmt pgwer (s controll.ed. to naintai he regely i gnal Lity. at the
target Ebl e mekiesihaaitad ol pPREP batlyt Fpodee 4Rd Bl PORd Bobis ™t | o
di agr am of qacRIRCeSFedBy) e gawa 8 lstfslub g pi@BlPRIshlts if PhatiaR! faprsvedl th an
enbodi ment of the inverition. 1nitial Iﬂ? 291)15 l?’ecei ved frame is decoded and
a det er m nfastanthas thedianas loep che retrgt dovaf. (e ideendeop fmayrdeliver less

whet her the frane is erased orf correctly decoded), at step 712. One or
nore (typi BAMEY B eR Uk (A REIGIBR- t he decoded frames are then obtained, at

step 7l ieﬁ@@gfaﬂet " 11£ 8n 8hfbo %ﬂeﬁﬁfhe%axég&gﬂllrfﬁ?s %egggglgj ae, txg@frﬁ@md on

the receiv me (e.g., convolutional ecodi ng, or
bl ock decolbopgdelivass dfpedsiibadelytthéear 0@, ANG, & ndimal (oreparsibliéndrieaded)
condition and the confidence in the decoded results. The power surplus or
deficit formonatiofsetpginhadiustnertols madp hased o theemefmiesnelf, thgtreseizpd 716,

o A AT oal e RO P ARL b i
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15 . the modified Yamamoto metric is high, the LLR for the least confident bit is
high, or a combination thereof, then the setpoint may be decreased. The
amount of downward adjustment may be related to the magnitude of the
metrics (i.e., the confidence in the decoded result).

{10891 FIG. 8A shows a plot 812 of a scaling factor, S;, versus power

20 surplus, which may be used for scaling the setpoint step size when a received
frame is erased. If there is a power surplus (i.e., the received signal quality is
greater than the target E,/N,) but the received frame still erased, the setpoint
may be adjusted by a larger amount. The larger setpoint step size can be
obtained via use of a larger scaling factor, as shown in the right half of plot 812.

25 Conversely, if there is a power deficit and the received frame is erased, the
setpoint may be adjusted by a smaller amount since the inner loop is
anticipated to deliver better received signal quality if given an opportunity to
perform. This smaller setpoint step size is obtained via a smaller scaling factor
for a power deficit, as shown in the left half of plot 812. Limits are placed in

30 plot 812 to prevent instability. For example, if the power deficit is greater than

a threshold level of P, the scaling factor is maintained at a minimum value of



[ 1085] The netrics are typically correlated with the power surplus
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surplus, which may be used for scaling the setpoint step size when a
recei ved pizgigobiinadiviac stallemscaling daciop ey PRWepswWPlys, as shopheinytbegei ved

[ | | i [ h .he, t t E/N th ' .
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set poi nt SR fhhfg ¥oPS_ is maintained at a minimum value of S_, even if the

15 power surplus exceeds a threshold level of P, and asymptotically reaches a

Gmin

maximum value of S___ when the power deficit exceeds a threshold level of P,,.

Gmax
[1091] Plots with different characteristics than those shown in FIGS. 8A
and 8B may also be used for the scaling factors, and this is within the scope of
the invention. The plots for the scaling factors may be implemented with look-

20 up tables for some other means.

[1092] Any combination of metrics described above, if available at the
receiver unit, may be used to monitor the link condition and adjust the setpoint.
The setpoint may be adjusted based on any combination of (1) frame erasure
information (i.e., frame status), (2) one or more metrics, (3) power

25 surplus/deficit, and (4) setpoint surplus/deficit, as described in further detail
below.

[1093] In an embodiment, for each metric available for setpoint
adjustment, a distribution of metric values for correctly decoded frames is
collected for various setpoint settings relative to the threshold E, /N, needed for

30 the desired level of performance (e.g., 1% FER). The difference between the
setpoint and the threshold E, /N, is referred to as the setpoint surplus or deficit



obtained via use of a larger scaling factor, as shown in the right half of
pl ot 812. 25 Conversely, if there is a power deficit and the received frane
I s erasedwotoh@759set poi nt may be adjusted by a small er anomeot/isonemsIt he
inner loop is anticipated to deliver better received signal quality if
given an opportunity to perform This snaller setpoint step size is
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20 up table or some other means. [1092] Any conbination of netrics
descri hed EHo9sk, if BEIGi 9Bl 8 dbgtane showing plots of the setpoint step sizes for

the histograms characterized in FIG. 9A. As shown in FIG. 9B, plots 922, 924,
and 926 are representative of the setpoint step size for use with histograms 912,
914, and 916, respectively. From these plots, it can be observed that the setpoint
step size is dependent on the setpoint surplus/deficit, as represented by
20 different curves and slopes for plots 922, 924, and 926. The setpoint step size is
further dependent on the actual metric value, with higher UP step size
generally used for low metric confidence and higher DOWN step size generally
used for high metric confidence.
[1096] FIGS. 9A and 9B show the histograms and setpoint step size plots
25 for a single metric. If multiple metrics are available, similar histograms and
plots may be generated for each metric. For a given set of metrics for a received
frame, the amount of setpoint adjustment can be determined based on a
combination of values from the appropriate plots.
[1097] The metrics can be used to monitor the link condition and to
30 adjust the setpoint before a frame is actually erased. If the metrics indicate that

the link condition is better than expected (e.g., the re-encoded SER is low, the



receiver unit, may be used to nonitor the Iink condition and adjust the
setpoint. The setpoint may be adjusted based on any conbi nation of (1)
frame eraworoe/07398f ormation (i.e., franme status), (2) one @®CTTISOBOTRIT i CS,
(3) power 25 surplus/deficit, and (4) setpoint surplus/deficit, as
described in further detail below [1093] In an enbodi nent, for each
netric available for setpoint adjustmegt, a distribution of netric val ues
for correctly decoded frames is collected for various setpoint settings
rel ative tme-¢t@deldrpshet theli¢ M higheded Jooon3ohe arget & N dcdrebe rediiced.
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and 916 shtangeti® /N, sam bbuhdiotsned (iretra chargleles when the 10 set point is
respectively set bel ow and above the {hreshold E /N by a particular

anount (e. [ﬁ’?sb dB, The sgipgintymay be u?*@?‘qw gtf eRhAEPAN, dependme gp

hi st ogr,gm ) i Gy\dj i | N HEY, e nput er
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the setpoint step sizes for the histograns characterized in FIG 9A As
shown in Fagtor9sy a gpotbination thepepf. Ihthe meicsrindicaps bak thekink copditionds
SOl SR S ot b Tt st R AR e st cp
size is depeRfRll p@let RetdERAI InagHItBHE T 198! hRllso &, fitPlaegant 78 lin
15 be reduced by a larger amount. And if the frame is correctly decoded but the
decoder metrics indicate less confidence in the result, the target E, /N, can be
decreased by a smaller amount, maintained, or possibly increased, depending
on the actual values of the metrics and the desired power control
characteristics.

20 [1099] In an embodiment, the setpoint down step size for a good frame

may be obtained as follows:
ASP, =K,-C, S -K, , Eq (2)

where ASP. is the setpoint step size for a good frame, K, and K, are constants
selected to achieve a desired power control characteristics, C; is a confidence
25 factor related to, and obtained from, the available metrics, and S is the scaling
factor related to the frame status and power surplus/deficit. K, and K, are
positive values, and K, is smaller in magnitude than K,. K, and K, may be
generated based on histograms for the metrics, such as the ones shown in FIG.

9A.



20 different curves and slopes for plots 922, 924, and 926. The set poi nt
step size is further dependent on the actual netric value, with higher UP
step sizewogenewai |y used for low netric confidence and hipgharsoD@édy st ep
size generally wused for high netric confidence. [1096] FIGS. 9A and 9B
show t he hi stograns and setpoint step size plots 25 for a single netric.
If nmultiple netrics are available, simdzar histograns and plots nay be
generated for each netric. For a given set of nmetrics for a received
frame, thelld8BLnt of Assinpler equadpnmarebe deinedfordbe setfointistbp sizg fonan
conbi nati on of ,val ues _fromthe appropri.ate ts. [1097] ,The. netrics.can be
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mai ntai ned (i.e., no chan .. [1098] .The s oi nt, nmay be adjuste
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15 are then used to provide power control for the traffic channels. Techniques to
concurrently power control multiple traffic channels are described in detail in
U.S Patent Application Serial No. 09/755,659, entitled “METHOD AND
APPARATUS FOR POWER CONTROL OF MULTIPLE CHANNELS IN A
WIRELESS COMMUNICATION SYSTEM,,” filed January 5, 2001, assigned to
20 the assignee of the present application and incorporated herein by reference.
[1102] If multiple power control loops are maintained for multiple traffic
channels (e.g., a Fundamental Channel and a Supplemental Channel in the
cdma2000 system), a “delta” power control mechanism may be used. For this
delta power control, the setpoint for a first traffic channel may be adjusted
25 based on various factors as described above, and the setpoint for a second
traffic channel may be adjusted relative to that of the first traffic channel. The
setpoint for the second traffic channel (e.g., the Supplemental Channel) may be
initialized to a nominal delta value relative to the setpoint for the first traffic
channel. The transmitter unit then uses a fixed power difference for the two
30 traffic channels. The receiver unit adjusts the setpoint for one or both traffic

channels in the manner described herein, and notifies the transmitter unit of the



on the actual values of the nmetrics and the desired power control
characteristics. 20 [1099] In an enbodi nent, the setpoint down step size
for a goowofean®ss may be obtained as follows: OSPG = KL. @CT/US®2/07662 , EqQ
(2) where OSPGis the setpoint step size for a good frame, K, and K2 are
constants selected to achieve a desired power control characteristics, C,
is a confidence 25 factor related to, ag obtained from the avail able
nmetrics, and Sis the scaling factor related to the frame status and power
sur pl us/ deprapér. pdweradeltkd agecbetpesh tthe traffid chemneds dde nioifisatadh ean ba

itude th K, ., K .apd he .. t ed, based hi, st th
mot i co.  SHERECHRETBEI B BAPPRORICY (R Wes 30 HEUBE BORF G0/ D9607
27 [1100] %?g%dr@%ﬁﬁgqg%g@e %¥$&‘lgﬁﬂr lIiPr the setpoint step size for

an erased e sane or erent K and K2 constants and scaling

factor S [EY3pe usedhtgovgaocbntrarechnifddddésclibedriarein saytalad be esbdi ques
described herein may be used to S5 control the transmt power of nultiple
traf fi cSchfomdiseontinnaysrisanssissiongdhachanoel iepphcayyinggaffic lgad badihas 000

and W syst ens to su r hi gh-speed data transm.ssign, nuliiple
traffic c hgﬂﬁ}é’lnssﬁ’é%) tb*’é‘%ﬁ@ﬁrtf‘sﬁﬁ?f’f‘ge-&usae@?‘fto@‘?%ﬁls?ﬁ Elgtaf'ry Egt?dlﬁ(r‘?blﬁ}tﬁ tagand/ or
di fferent tyRa&ealind@iBa20006881 WM sGdtanig the TaYeiber UAREahOmbAsIREM t
data at different data rates, and may further 10 utilize different

pr ocessi ngti{eerageiveensigmidingalgy lowee . paftipilaaltinge irdepaal t whidhamayriexéquah bi t
rate (e.g., 800 bps) is ﬂl%ﬂc%catec}_to eac rermtef rm nal ford:power.

control of tQ fBe ttime fipteryalafated dratfs;channel, framey ff formard GHAT FOFIfEHOBe used
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I commands  d&graektst dfen kiisath tsddwend By thessesuessivopoher resurembhisc If
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097755, 659ger?er]1:[a(;[ eacrild" IXEE'@@OAH\% known codeword before it is decoded. The

resultant decoder metrics as discussed above may then be used to adjust the
15 setpoint.
[1104] For example, if the E, /N, for a segment is x dB, then a normalized
power of one (1.0) may be used for the signal in that segment and a pseudo-
random number generator may be used to generate a noise sample with
variance —x dB. This noise sample is added to the signal with power of one.
20 Each segment of the signal is formed this way with signal and noise reflective
of what the link delivered to the receiver. That known frame is then
deinterleaved and decoded. Metrics of the decoder are then used to adjust the
setpoint, if necessary, in the manner described herein.
[1105] The decoder at the receiver unit then decodes the virtual frame
25 and provides various metrics such as erasures, re-encoded SER, re-encoded
power metric, modified Yamamoto metric, number of iterations for Turbo
decoding, (minimum or average of N worse bits) LLRs for the Turbo decoding,
and so on. The setpoint may then be adjusted based on the metrics. If a power
control channel exists (e.g., the Forward or Reverse Power Control Subchannel

30 in cdma2000 system) during the silence period on the traffic channel, this



APPARATUS FOR POWNER CONTROL OF MULTI PLE CHANNELS IN A W RELESS
COVMUNI CATI ON SYSTEM " filed January 5, 2001, assigned to 20 the assignee
of the preeant7application and i ncorporated herein by ref @canse207¢p1102] |f
mul tiple power control |oops are maintained for multiple traffic channels
(e.g., a Fundanental Channel and a Suppl enmental Channel in the ¢dnma2000
systen), a "delta" power control nechamgsm nmay be used. For this delta
power control, the setpoint for a first traffic channel may be adjusted 25
based on vehamel rhay tbergsedstodestimatectheaperver sarpdus fdeficit Puitrmay ¢hem beecond
traffic channel be adjusted relative to that of the first traffic
channel . THéeC?E%F"S%ti“ﬁtre lﬁ%lﬂi‘%% JustBRR QEthe P POMMannel (e.g., the
Suppl enment annel | kb ' | ative
flaogy TeliiqBEs fdrdrfHliAE bPerdeodfBl Babed!Bh piiol Abdfrice

to the setpol for t I'rst t I C annel . ransmtter unit then

uses a fi xaddptiventdivouertensenibsiontdre desorildéd in &1.$ Paterttahpplisatiohh@eriadcei ver
unit adjusts the setpoint faor one or both traffi channel s in the nmanner

f h
doscr i b8d Per AOH37 G0 etiter e MEREIQP /NN AFRARATUSFOR, BERBROSINANG5 5

Thi s ot 1 { A0 (GFOSER BEOpe o i GRMTIE #E] “EOmrcIN if IRFERSSG® ©
when the deld@KENapga A rOOMMRINI@ATIORPSYSTERM vefiled ARQPNRt &, PBIID] qubar

threshold). [1103] The power control techni ques described herein nmay al so
be used 5PatantdiAspphtatioumouSertialandioi s9PHAR5,245, a enttidlede| “METHHDDc aANPNng

channelor AparAdfi, 500 M el 1 sty ABhCo ok “chpsiPubiach

Systemsh PRAVERCCOUNTROL! SE ROAVT e IN NR " AAREYE4SS| BARKEuapAyacver a
c , Whi

particular tinme interva ch nmay be equal to the tinme interval for a
traffic ch@ORIMUNICATION f SYSTENLEr ifided cfarmeacyi 6n 2@Icodhdg U.S Patdrar nmed,
a "virtual" frame rrahé@_t hen be formed by scali various_ _segnments of a

|
known codevitRlicaion herialsbiee 09 23 A buantitiech BRI, AND AREARARHS

aha haved O h OB BRITII N ks FHAR O RRSATIND FROWIRIELS AT PPN PRALL 2" o
ggfgg?; t MEtrRASSRASSICAUS ATE TR T € ARYEDNE OMBIUNRAAPOAM SYSTEMIE fildd

15 January 28, 1999, all assigned to the assignee of the present application and
incorporated herein by reference.
[1107] Referring back to FIG. 3, for forward link power control, the
samples from demodulator 324 (or possibly from RF receiver unit 322) may be
provided to an RX signal quality measurement unit 338 that estimates the
20 quality of the received transmission. The received signal quality can be
estimated using various techniques, including those described in U.S. Patent
No. 5,903,554, entitled “METHOD AND APPARATUS FOR MEASURING
LINK QUALITY IN A SPREAD SPECTRUM COMMUNICATION SYSTEM,”
issued May 11, 1999, and U.S. Patent Nos. 5,056,109, and 5,265,119, both entitled
25 “METHOD AND APPARATUS FOR CONTROLLING TRANSMISSION
POWER IN A CDMA CELLULAR MOBILE TELEPHONE SYSTEM,”
respectively issued October 8, 1991 and November 23, 1993, all three assigned
to the assignee of the present application and incorporated herein by reference.
[1108] A power control processor 340 receives and compares the
30 received signal quality against the setpoint for the traffic channel being

processed and sends a proper responsive power control command (e.g.,



[ 1104] For exanple, if the E, /N, for a segnent is x dB, then a normalized
power of one (1.0) may be used for the signal in that segnent and a pseudo-
random nuwbex/og®ser at or nay be used to generate a noi se saeplEsondien7

vari ance -x dB. This noise sanple is added to the signal with power of one.
20 Each segnent of the signal is fornmed this way with signal and noi se
reflective of what the link delivered3pgo the receiver. That known frane is
then deinterleaved and decoded. Metrics of the decoder are then used to
adj ust t heUPs/&@WNtcprrirﬁames&HMDOVﬁNtdmemmndebydédBr Phsame ethdrtype 1105]

The decoder at t ceiver unit then degcodes the virtual ,frane 5 and
provi des v&f F%@%@FP% BOWRT Senirphsyb-ghany Véﬁilaﬁéﬁv%@ﬁz}m%g.oethéi’&éﬂ

power netric,. nodified Yamamoto nmetric, nunmber of iterations for Turbo
decodi ng, %m nimum or average of N worse bits) LLRs for the Turbo decodi ng,

and so on. [1lbg] set poPoweryntrobprbeessci 340 atapatsas rereitd¢herétame statué a
power control channel exists (e.g., the Forward or Reverse Power Contr ol

Subchan ﬁe| frgon CRQMQ@D@%%% eng oa MATAgNetRES 691 @@beieﬁ@d%éraw sy as af fic

channel , 2/ Q75955 P 1 07,697 29 hann
esti mat e t é Soate g}epfeu?}‘:&%gfi RS T5ERcodse P %Wgr Hg&}éc ‘?qﬁét&r efi ne
the adj ust mtth@fmé@ﬁleaemﬁhﬁ{oto APl frJIﬁCzh Mamlﬁotfooaeﬂaetrofr%m ﬂﬂe PRRET

control based on pilot reference and discontinuous transm ssion are
descri bed far thie Sviiae elerodgpbittsitandrihBerimber &f ikeratioss $iom Rrodemdds; bed

"METHOD AND APPARATUS FOR NING T OSED LOOP P
PO NT | N A?\fPRaipaizon frﬁa%%mrf@% %I %Bc%ﬁﬁamé"#é

apparaTlS PR BRI RE 1Rge @Mﬁ%”ﬁ?’ﬁ%%‘?%e@%&éﬁ”sw i e

PO NT | N ANMRELESS RAQKETE RAPAocdSEMMIND GAT. OthS BETEM Sufrilietiefiaitiahy 5,
2001, and U. S Patent. Application Serial No. 09/239, 454, entltled " METHOD
AND APPARATRUSOINteRrElasfeelicit)NG TRANSM SSI ON POAER | N A POTENTI ALLY

TRANSM SSi H¥165]A‘ TED OB iR\ ik I\," -all_llsg\lprgcYeSs-ls-eM(e g]c 'fjo?ﬁj\atted encoded)

by a transmit (TX) data processor 342, further processed (e.g., covered, spread)
15 by a modulator (MOD) 344, and conditioned (e.g., converted to analog signals,
amplified, filtered, quadrature modulated, and so on) by an RF TX unit 346 to
generate a reverse link signal. The power control information from power
control processor 340 may be multiplexed with the processed data by TX data
processor 342 or modulator 344. The reverse link signal is routed through
20 duplexer 314 and transmitted via antenna 312 to one or more base stations 104.
[1111] Referring back to FIG. 2, the reverse link signal is received by
antenna 224, routed through duplexer 222, and provided to an RF receiver unit
228. RF receiver unit 228 conditions (e.g., downconverts, filters, and amplifies)
the received signal and provides a conditioned reverse link signal for each
25 remote terminal being received. A channel processor 230 receives and
processes the conditioned signal for a particular remote terminal to recover the
transmitted data and power control information. A power control processor
210 receives the power control information (e.g., any combination of power
control commands, erasure indicator bits, and quality indicator bits) and
30 generates one or more signals used to adjust the transmit power of one or more

transmissions to the remote terminal.



15 January 28, 1999, all assigned to the assignee of the present
application and incorporated herein by reference. [1107] Referring back to
FIG 3, fwookorswssd |ink power control, the sanples frompdemsdabmdor 324
(or possibly fromRF receiver unit 322) nay be provided to an RX signal
qual ity neasurenent unit 338 that estimates the 20 quality of the received
transm ssion. The received signal qualizly can be estimted using various
techni ques, including those described in U S. Patent No. 5,903,554,
entitled "NETIEID ANDBAGPARKIGS3 FpRVREASURIONGrocassipr SHALNplempnts SEREAD

SPECTRUM AUNI CATI.ON SYSTEM " i.ssped M 1999, ~and U.S. Patent Nos.
5 056, 109, ¢ r 9gg opfer 10985 lessribad g@%%"%@ﬂﬁb%?%@e@}ﬂ DRWT
CONTROLLI NG T |

Svarom ol pcedrisa0 ke es Whe etibed Sttt MER ineastipkireitiina |

three assi girl a Béqﬂdiﬁeaﬁgjcgmeccﬁftrdlf@mﬁdﬂ,twhtrm tarabé canianid 4 poerepor at ed
herein by reference. [1108] A power control processor 340 receives and
conpar e§ t gentzol seleeharnelorythe rqvensetinkagdioisther piates degBi ROWRE rcorfiol

traffic channel bhej rocgssed and .sends a _proper LV

control ¢ o%cr?asctr§.49 %FC%%M%%§9%FB§&? %’fgga?‘d %Egﬁﬂ%ﬁ%@%ﬁds , or
UP/ DOMN co@pdaofytermithl fReofBABlyOt H?FIGY@,e%)oWEr CORIBI P80 celEbro2 TOHIBH
control sub-channel via the reverse link to the base station. [1109] Power
control proopksoent34ariaf the powerominiol ttheps daseibdaabeve.5 Pomen @RGathecker

332 and one or nore netrics, for each decaded frame such as, for exanple,
the re- encBmsﬁEﬁlgﬁac@lé@%ﬂ\?dﬁéﬁerp?ﬂM&r’rﬁfqrfr@“fqrb?ﬁ‘ BRYEF condzg! S"iabﬁe

nmodi f i YQQ%(}EQ [ Yﬁ:ﬁg&?t t t he
wor se ggco e |¢gzs %n%c{)%dem]ﬁf}'nbe 0 ﬁéej?gelﬁfsgﬁg ??%%dgﬁﬁtf%é%, rgr a
conbi nat i ofrahb@iins tbahe eaabteleemded. f rame, power control processor 340 10
updates the setpoint based on the frane status, netrics, and/or additional

i nf or mat i of133hi | abl he Powerceenbpl terhniques. can the PBRMeNieR| 15 VABIOVE; t |

the set POl ang Y olruesxlacrine};lle,C e power control can be implemented with hardware,

software, or a combination thereof. For a hardware implementation, the

15 elements used for power control can be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs),
programmable logic devices (PLDs), controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions
described herein, or a combination thereof.

20 [1114] For a software implementation, the elements used for power
control can be implemented with modules (e.g., procedures, functions, and so
on) that perform the functions described herein. The software code can be
stored in a memory unit and executed by a processor (e.g., power control
processor 210 or 340).

25 [1115] For clarity, various aspects, embodiments, and features of the
power control of the invention have been specifically described for the forward
link. Many of these power control techniques may also be advantageously
applied for the reverse link power control. For example, the setpoints for one
or more reverse link transmissions may be adjusted based on frame status, one

30 or more metrics, power surplus/deficit, setpoint surplus/deficit, or a

combination thereof, as described above.



[1110] On the reverse link, data is processed (e.g., formatted, encoded)

by a transmit (TX) data processor 342, further processed (e.g., covered,
spread) Wb oby7assrodul ator (MOD) 344, and conditioned (e. @cr/usonvmpted to
anal og signals, anplified, filtered, quadrature nodul ated, and so on) by an
RF TX unit 346 to generate a reverse link signal. The power control
information from power control processr 340 nay be nmultiplexed with the
processed data by TX data processor 342 or nodul ator 344. The reverse |ink
signal is HFda6kd thrBheghfozegaingl eheseription apfd the apseferredd embodimeatinds 312 to

one or nore base,stations 104. 11 Referring back to FIG, 2, the
reverse |iRROWEAEHAP qr@%peeegy\,}éeds%@ S&éirﬁdeﬁhﬁ"eﬂ%, to % HFS Hh Pt Exer
222, and p i t ; nj ) . j U :
condi {1 ono{erGBA. VAR (FBARGEbPENI thesh eoliodiRiAl AIle rERCL
si gnal andapparénties thowosidiléd aneable ragy eingletHe génesicgpeihcipies éefiried? heretmot e
term nal being received. A channe] processor 230 receives and processes

t he con8i t mayeer appjiegd tq othes emhadimenss witkhwut dhe uperPhihe inyeplivedaqulthe

transm tted data and wer contr.ol i nfor ,QN. . + [ ntr J ssor
210 recei vg§u§’ht§eppor\fé$r‘ CIBXf?@?n il?1f‘8¥ rlr%tfalnggé (tg%ﬁ I,f\m%%\éeteot%i fa ‘!’%%q%ctgpomer
control COgRPHSherRR Bt isi flibeah&or@éd StheaRidakiadcopy Editigtantotvith tthe and
30 generates one or nore signals used to adjust the transmt power of one

or nore tpensiplesirghsova fedtaressdisclosedheiemal . WO 02/ 075955 PCT/ US02/ 07697
31 [1112] Back in FIG 3, power control processor 340 inplenents part of
the inner and outer | oops described above in FIG 4. For the inner |oop,
power 1@0nwlqh—lgf§@:@§ggmﬁqg:recei ves the received signal quality

measur enent s an sends a sequence of power control conmands, which can be
sent via a power 5 control sub-channel on the reverse link. For the outer
| oop, power control processor 340 receives the frane status and netrics
and adjusts the setpoint for the renote termnal accordingly. In FIG 2,
power control processor 210 also inplenments part of the power control

| oops descri bed above. Power control processor 210 receives the power
control information on the power control sub 10 channel (s) and accordingly
adjusts the transmt power of one or nore



transm ssions to the renote termnal. [1113] The power control techniques
can be inplenented by various neans. For exanple, the power control can be
i npl enentwo ozior3eshar dware, software, or a conbi nati on theceafSo2/mwp7 a
hardware i nplenentation, the 15 el enents used for power control can be

i npl enented within one or nore application specific integrated circuits
(ASI Cs), digital signal processors (DSBg), programmable |ogic devices
(PLDs), controllers, mcro-controllers, mcroprocessors, other electronic
units designed to performthe functi@hAIMS&scribed herein, or a conbination
t hereof. 20 [1114] For a software inplenentation, the el errents used for

power control an be implenmented wth,.modul e (e , I

functions, and Ir(BrB ‘gﬁglgs%ecppgpm%gopu%s[ Fohd gre‘%%@ld ﬁgﬁ% RE %he

sof t war @ C%oﬁﬁnlrhﬁcatﬁ;eob?da't@r%et“?éli@f\bédu@igna@ ﬁgcfﬂreﬂ QXnﬁnﬁ_ sRIFeSSsor
(e.g., power control processor 210 or 340) 1115] For clarity, various

aspects, eotmgrisegts, and features of the power control of the invention
have been specifically described for the forward . |ink. Many of these power

control 4t echni qEF‘é§1Vﬁﬁ&°§?§6nb%re Wéﬁﬁ S%Uﬁ?anséﬁﬁf"?@d for the reverse |ink
pover control . Qba%g il orlNOr SHAA! AlSived” (flfles Gh TBIFIASAS SN | 41K

transm ssi ons base rane status, one nore

metricsg ppmﬂfcmﬂdx{cuahdgeid}eme toslﬁfo&ﬂil@bnétif plore/d@edded franws; a  combi nati on
t hereof, as descri bed above. WD 02/075955 PCT/US02/ 07697 32 [11161 The
f or egoi ng descr dptermnmgat&tettﬁrﬁfeeﬁhda%iﬁsbﬁamts is provided to enable

any per on ski II d i.n the art to nakeﬁg %1 ese%ﬁ rmien}/nen §§ d
Vari ous m)dIfIC fagNE8: 8N¢ ¥ Yn B %tlg Ve CRRTTRe Hh SRRt t o
those skil }&@wsffmtﬁe&{etorﬁaiﬂe;é&el\&erﬁam@s Riignci pl es defi hed herein 5 may
be applied to other enbodi nents w thout the use of the inventive facul ty.
Thus, tlBe preseadjustinghé setpdbmtibased at keastsid past be the one ed maye tnhegrics.

embodi ments shown herein but is to be accorded the widest scope consi st ent
with the principles and novel features disclosed herein.

2. The method of claim 1, further comprising;:
2 for each decoded frame, determining a step size for adjusting the
setpoint, and

4 wherein the setpoint is adjusted based on the determined step size.

3. The method of claim 2, wherein the step size is variable and

2 dependent on values for the one or more metrics.

4. The method of claim 1, wherein each of the one or more metrics is

2 indicative of confidence in the decoded results based on a respective criteria.

5. The method of claim 1, wherein the one or more metrics include a re-
2 encoded symbol error rate indicative of errors between symbols in a received

frame and symbols generated by re-encoding a decoded frame.

6. The method of claim 1, wherein the one or more metrics include a re-
2 encoded power metric indicative of correlation between symbols in a received

frame and symbols generated by re-encoding a decoded frame.



10 WHAT IS CLAIMED |I'S: WD 02/ 075955 PCT/ US02/ 07697 33 CLAIMS 1. In a

W rel ess communi cation system a nethod for adjusting a 2 setpoint

i ndi cat i vwoak/oasosmr get received signal quality for a tran®@rasooney7
conprising: 4 receiving one or nore frames fromthe transm ssion; decoding
the one or nore received franmes in accordance with a 6 particul ar decodi ng
schene to provide one or nore decoded f34anes; determning a status of each
decoded franme; 8 obtaining one or nore netrics indicative of confidence in
decoded result g e meshodof slaipple whesein/dg onerpe snomgnmetticsaiclitdd Ag t he

t poi b . I t o t 1 : trics. 4 Th t hod
o o1 &l th 1 IHEN Y TRGTREED SPRGLC FNHLHUEh GOEORBEE i aihs. oA R NG o
step size {0lAth4S ree%dtcr&odégtf&%@snd%%x{lbm d2kibld BcRRidPRARE, | S
adj ust ed based on the determ ned step size. 3. The method of claim 2,

wherein the step size is variable and 2 dependent on values for the one or
nore nmetrics. 4. The method of claim 1, wherein each of the _one or_ nore

metrics is 2 i Adi ks Mashed of shimydnrderain; the QR& BHERCTERGHIS 1S 8n a
respectisve i t.enia,. b. . f { i one or nore
metrics 2i ngﬁltrﬁl elgglcggygffgﬁlg%%% ggr%?&%@%%}?%\tﬁégﬁ%ﬁ%&%e of errors

bet ween synbols in a received frane and synbols generated by re-encodi ng a
decoded frame. 6. The nmethod of claim1, wherein the one or nore netrics
include a re- 29%enBudmwthedwf cladnr L cwihatitiodheonegdr owre ahefrics indudeedn

synbols_in a received .frame and s 0| s ,generated by re-encodi ng a decoded
frame. YD &?Z‘Pb‘?%‘@%?%ﬁ‘?ﬁ%ﬁ %f;}gg‘f}mg’&l ‘?‘i'l%?he nmet hod of claim 1, wherein

the one or nore netrics include a

10. The method of claim 2, wherein the step size is determined based at
2 least in part on the confidence in the decoded results as indicated by the one or

more metrics.

11. The method of claim 10, wherein the step size is increased if the one

2  or more metrics indicate strong confidence in the decoded results.

12. The method of claim 10, wherein the step size is decreased if the one

2  or more metrics indicate weak confidence in the decoded results.

13. The method of claim 1, wherein the setpoint is increased if the one or
2 more metrics indicate weak confidence in the decoded results, even for a

correctly decoded frame.

14. The method of claim 1, wherein the status of each decoded frame is
2 determined based on cyclic redundancy check (CRC) bits included in the
decoded frame.

15. The method of claim 1, wherein the status of each decoded frame

2 indicates whether the frame is decoded correctly or incorrectly (erased).



2 nodi fied Yamanoto netric indicative of confidence in the decoded results
based on a sel ected decoded frane and a next best possible decoded frane.
8. The mewbad/oefsel ai m 1, wherein the one or nore netrics pcmalsozerear 2

val ue indicative of confidence in decoded bits in a decoded frane. 9. The
met hod of claim1, wherein the one or nore netrics include at 2 |east one
nmetric having a soft nulti-bit value. 13 The nethod of claim2, wherein
the step size is determned based at 2 least in part on the confidence in
t he decoded resibt Thamethdil odckdmbl furbeneemprisinggre netrics. 11. The

met hod qf claim,10, erein, the step size .is increased if the one .2 or
mor e melr i cs. i néiTc SREN SRS JFAT e ARG HROHEY THBIR O Heficifne

met hod of ¢l i i; i i ; i or

mor o met i FaE ol B e Al SRy e R sl e eafer

met hod af echai o Ibss Wherdesetpoinisendoint is increased if the one or 2 nore
metrics indicate weak confidence in the decoded results, even for a
correctly decoduthergianhe setpoihis asjusted hosed i partion Wae detesmined poxtess of
each decoded flr ane ifs1i 2 determ ned based on cyclic redundancy check (CRC)
bits in&l uddd }1?1(’{318 CElecoded frame. 15. The nethod of claim1, wherein the
status of each decoded frane 2 indicates whether the frame is decoded
correctly or incorrectly (erased). WO 02/075955 PCT/ US02/07697 35 16. The
met hod of cl ai ml7., Themetbod of alaimsion furterf eompasingdecoded f r ane,

determ ning a power surplu r.deficit indicative of the regeived signal
qual ity < or the? Ty 5?@‘ U&Cﬁaeaegﬁmi%FW%t%rSteﬂ $HadObraqeging H'Eﬁ t he
set poi nt, j t.pOi 1 i i

determ ned p ﬁe“?% b@ﬁ%%ﬁﬁiﬁ r lélg iﬂ(}??.ﬁg?g%(%%e&%%ﬁggaéﬁé?lbﬁs%@u?urt her
conpr i si4ngor deficit, @ach decoded frane, determining a step size for adjusting

t he
wherein the setpoint is adjusted based on the determined step size.

18. The method of claim 1, further comprising;:
2 determining a setpoint surplus or deficit indicative of a difference
between the setpoint and a threshold signal quality needed to achieve a
4 particular level of performance, and
wherein the setpoint is adjusted based in part on the determined

6 setpoint surplus or deficit.

19. The method of claim 18, further comprising:
2 for each decoded frame, determining a step size for adjusting the
setpoint based at least in part on the one or more metrics and the setpoint
4 surplus or deficit, and

wherein the setpoint is adjusted based on the determined step size.

20. The method of claim 1, wherein the wireless communication system
2 is a CDMA system that conforms to cdma2000 standard or W-CDMA standard,
or both.



setpoint based at least in part on the one or nore netrics and the power
surplus 4 or deficit, and wherein the setpoint is adjusted based on the
det er m ne@oeps9ss ze. 18. The nmethod of claim 1, further pcargsoz/siony: 2
determ ning a setpoint surplus or deficit indicative of a difference

bet ween the setpoint and a threshold signal quality needed to achieve a 4
particul ar |evel of performance, and wsg ein the setpoint is adjusted based
in part on the determned 6 setpoint surplus or deficit. 19. The method of
claim18, furth@t chwer wireless compmundeadiprdsysigat 4 ragthoddéercpdiusting a st ep
size for, adjusting {he. setpoint hased. at, | east in.partf on the one. or nore
netrics zanaétpﬁg‘tsglcbﬁﬁth‘fe oﬁ{ %Jraﬁegsre&fﬂvcfélf Im&nlai E\ ePnErf‘ﬂ%mﬁsé{Oﬁbi nt is
adjusted b Rt he deternmined step size. 20. The nmethod of claim 1,
wherein the re s communi cation system 2 is a CDVA systemthat conforns
to cdma2000 st arstaivingondoCbrestandafrom thertrindrhissidf); 02/ 075955

PCT/ US02/ 07697 36 21. In a wireless communi cation system .a nmethod for
adjusting a 2 deeqsingt thendneaor veBe Eeceliedeframesiileaccorgdange qvdhidy for

2 Lransg s o ManaC QRS Aierde KRSENIASInORFpBe TRESIL AIRRS! T om the

transm one orrnmore recelv anes I n accordance with a
6 particul ar deg@girﬁgnmgmmstdpemaéaﬂeqrfea@é; nore decoded franes;

determ ning status of each decoded frame, 8 determ ning a power surplus or
defi ci t 8 ndi cat deeruofininigea pewei sotplis gradeficifuiaidicativieoof theerereised sigrsilon
bei ng respectj vel reater than or.less than.the 0 setpoint; and

adj usting fH& lg’ef%o&}?t %B%‘E‘EFSW B@é‘& rquegéquy(ﬁfe? & tﬁ‘é{‘e?fnfeﬁ%&ﬁ%? dhés and
12 powgl SE’étBBHﬁ; Qigdeficit.

adjusting the setpoint based at least in part on the determined status and

12 power surplus or deficit.

22. The method of claim 21, wherein the power surplus or deficit is
2 determined for each received frame based on an averaged received signal

quality for the frame and the setpoint for the frame.

23. The method of claim 21, further comprising:
2 for each decoded frame, determining a step size for adjusting the
setpoint based at least in part on the determined status and power surplus or
4 deficit, and

wherein the setpoint is adjusted based on the determined step size.

24. The method of claim 21, wherein the step size is scaled by a larger
2 scaling factor if a received frame is correctly decoded and a power deficit exists

for the frame.

25. The method of claim 21, wherein the step size is scaled by a smaller
2 scaling factor if a received frame is correctly decoded and a power surplus

exists for the frame.



22. The nethod of claim 21, wherein the power surplus or deficit is 2
determ ned for each received frane based on an averaged received signal

qual ity fwo otkes9fs ane and the setpoint for the frane. 23. pChasneeteod of
claim?21l, further conprising: 2 for each decoded franme, determning a step
size for adjusting the setpoint based at least in part on the determ ned
status and power surplus or 4 deficit,37and wherein the setpoint is

adj ust ed based on the determ ned step size. 24. The nethod of claim 21,
wherei n the stepbsilhe mnsthashokdaim 24, mdregein the %t@lalsiziﬁglsfsa@]tedrb)iﬁ largeecer ved

frame i correct y decode ower def.icit exists r t .
The. et Brod ST LFIATIE 3 TEREVBHH e TS CEtpec Si8 PR Burlys EBhalorare 5
scaling fagtgt.if a received frame is correctly decoded and a power surplus
exists for the frame. WD 02/075955 PCT/ US02/07697 37 26. The nethod of
claim 21, wherein the step size is scaled by a larger 2 scaling factor if
a received frane_is erased and_a pomer surplus exists for the fra
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systen1 2Qari sing: a decoder confrgured to decode received franes in
accordance with a 4 particular decoding schene to provi de decoded franes;
a checker configured to receive and check the decoded frames to provide 6
status for the 2§COd6d frame ric calculatkgn unit configured to
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for theqg reg&rnp Sgames, and a power control processor configured to
recei ve the status’ and one or
a decoder configured to decode received frames in accordance with a

4 particular decoding scheme to provide decoded frames;
a checker configured to receive and check the decoded frames to provide
6 status for the decoded frames;
a metric calculation unit configured to provide one or more metrics
8 indicative of confidence in decoded results for the received frames; and
a power control processor configured to receive the status and one or
10 more metrics for the decoded frames and to adjust a setpoint for a power
control loop based at least in part on the received status and one or more
12 metrics, wherein the setpoint is indicative of a target received signal quality for

the received frames.

29. The power control unit claim 28, further comprising;:
2 a signal quality measurement unit configured to receive and process
symbols for the received frames to provide estimates of the received signal
4 quality for the received frames, and
wherein the power control processor is further configured to receive the
6 received signal quality estimates, determine a power surplus or deficit between
the received signal quality and the setpoint, and adjust the setpoint based in

8 part on the determined power surplus or deficit.
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further conprising: 2 a signal quality neasurenent unit configured to
recei ve and process synbols for the re&8ived frames to provide estinates
of the received signal 4 quality for the received franes, and wherein the
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decoded frame the 2 power control processor is configured to adjust the
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32. The power control unit claim 28, and operative on a forward link of

2 a CDMA system.

33. The power control unit claim 28, and operative on a reverse link of a

2 CDMA system.



