WO 02/ 43275 PCT/ USOL/ 45349 1 METHOD AND APPARATUS FOR POAER CONTROL IN A
W RELESS COWMMUNI CATI ON SYSTEM FIELD 5 The present invention relates to

Wi r el ess wiaba4xesmuni cati on. More particul arly, the prespar/usowsso on
relates to a novel and inproved nethod and apparatus for power control in
a W reless comunication system 10 BACKGROUND In a wireless conmmuni cation
system a base station communicates w+th nultiple nobile users. The
comuni cation link fromthe base station to the nobile is referred to as

the forward IMIETH®D ANDBAWE&MWS@ORSPOWER@@NW@WINEN o the

base station is refe WWKATWBON Di vi si on
Mul tiple Access ( sys]'E em part I 'cul ar e users share a sane

Radi o Frequency (RF) band wherein power control prevents one user from
interfering with other nobiles. In ongggeeh system power control is used
to ensgyre sufficient quality of signals received at the base 20 station or
at the nobile. Specifically, in the reverse |link, power control adjusts
the transmt pdler poésemhdhvertion eelamsamimémieﬁshéaiafdommwﬁeatim gndlose are
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25 capacity o syste orward |1 nk, power control can al so be
enpl oyed to prevent excessive downlink transmt power interfering with the

downlink transm ssions in the ad] I Spread spectrum systens such
as CDI‘J& systens typically enpl oy g‘?’r%@ﬁﬂ@ﬂ? or a closed | oop power
control schene. Qpen |loop refers to transmtter (either nobile or base 30
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For exanple, a particular reverse 00p power contro s for
the nobi lwithanadtipletmobilenserd. | Tke tooanmsmrﬁcq:tmﬂerlirﬂaﬁﬂnndﬂrtetbvesemmOm evel
of to the mobile is referred to as the forward link, while the communication
15  link from the mobile to the base station is referred to as the reverse link. In
a Code Division Multiple Access (CDMA) system particularly, mobile users
share a same Radio Frequency (RF) band wherein power control prevents
one user from interfering with other mobiles. In one such system, power
control is used to ensure sufficient quality of signals received at the base
20 station or at the mobile. Specifically, in the reverse link, power control
adjusts the transmit power of each mobile to achieve the effect that signals
are centtally received by the base station at approximately the same power
level. In other words, reverse link power control seeks to solve the "near-
far" problem in spread spectrum multiple access systems and thus increase
25 capacity of the system. In the forward link, power control can also be
employed to prevent excessive downlink transmit power interfering with
the downlink transmissions in the adjacent cells. Spread spectrum systems
such as CDMA systems typically employ an open loop or a closed loop power
control scheme. Open loop refers to transmitter (either mobile or base
30 station)-controlled operation where the receiver is not directly involved.
For example, a particular reverse link open loop power control calls for the
mobile to adjust reverse link transmit power based on the power level of

signals received from the base station via the forward link. Closed loop

power control expands open loop operation whereby the receiver actively



signals received fromthe base station via the forward |ink. C osed |oop
power control expands open | oop operati on whereby the receiver actively WO
02/ 43275 WRC0/u303/ 45349 2 participates in nmaki ng the poweeT/ad)uusB4vENt

deci sion. For exanple, for reverse |link closed |oop power control the base
station conpares the power |evel of signals received froma given nobile
to a threshold value. The base station“then instructs the nobile to
increase or decrease the reverse link 5 transmt power based on the
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Further, there is a need for a wireless_ 15 comuni cati on system supporting
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e R R S S b A A &

decr enent i fignéettpdvegnalpdiliriens afnedc theaabfdreefopl att aiprpved medtsd asft
channel s having a transm ssion error, increnenting the power indjcator of
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15 communication system supporting multiple users via a common link that

considers the quality of the common link with respect to each mobile user.

SUMMARY

20 The disclosed embodiments provide a novel and improved method
for power control in a wireless communication system. According to one
aspect, in a wireless communication system wherein multiple data streams
are transmitted via a composite channel, the composite channel including a
plurality of transport channels, a method for power control includes

25 assigning a power indicator to each of the plurality of transport channels,
decrementing the power indicator of each of the plurality of transport
channels having a transmission error, incrementing the power indicator of
each of the plurality of transport channels without a transmission error,
determining a maximum power indicator from the power indicators of each

30 of the plurality of transport channels, and making a power control decision
based on the maximum power indicator.

In another aspect, a method for power control in a wireless

communication system, wherein transmissions in the system use a



30 of the plurality of transport channels, and naking a power contr ol

deci sion based on the nmaxi nrum power indicator. In another aspect, a nethod
for powerw@onsn2e in a wireless comunication system WhPCEURI1/45349

transm ssions in the systemuse a WO 02/ 43275 PCT/US01/ 45349 3 conposite
transport channel having a plurality of,transport channels, includes
receiving data streans via the plurali t?/ of transport channel s,

determ ning an individual quality threshold for each of the plurality of
transport €TaRARlS traasporet 'h?(laglrg & plpedity of fuanspart ichaeselsi d for the 5
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a first quality threshold associated with a first transpaort channel is
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FIG 2 illustrates in block diagr forma portion of a traffic channel
whereln a first qual%ty t%res%oalg] assoqated with a first transport channel 1is
increased on detection of an error in a first data stream transmitted via the

15  first transport channel, wherein the power control unit is adapted to

determine a power control instruction according to the quality thresholds.
BRIEF DESCRIPTION OF THE DRAWINGS

20 The features, objects, and advantages of the presently disclosed
method and apparatus will become more apparent from the detailed
description set forth below when taken in conjunction with the drawings in
which like reference characters identify correspondingly throughout and
wherein:

25 FIG. 1 illustrates in block diagram form a wireless communication
system according to one embodiment;

FIG. 2 illustrates in block diagram form a portion of a traffic channel
as in FIG. 1 according to one embodiment;
FIG. 3 illustrates a power control scheme implemented in a wireless

30 communication system of one embodiment;

FIG. 4 illustrates an inner loop of a power control scheme as in FIG. 3

according to one embodiment;



as in FIG 1 according to one enbodinent; FIG 3 illustrates a power
control schene inplenented in a wireless 30 communi cation system of one
enbodi newQ 0432754 il lustrates an inner | oop of a power cPOT/USHI/4564%eme as
in FIG 3 according to one enbodi nent; WD 02/43275 PCT/ US01/ 45349 4 FI Gs.
5 and 6 illustrate an outer |oop of a pguer control schene as in FIG 3
according to one enbodinent; and FIG 77illustrates a transmtter in a

wi rel ess conmmuni cation systemas in FIG 1 according to an exenpl ary
embodi ment . 5 DEI. BEDADESORItEAte G OB taHD OPREF ERRITEIENBUDPIVENESNE @S 4R

exenpl ary ogi nent,. of . the present invention, a COMA wreless

comuni catﬁ?ﬁa‘r g%‘_ﬁ"éﬂw‘r}%&ﬂ 8%%{1‘@)02&]8}8 g’e Ctoop power control 10 nethod,
wherein mul ti pl eI MBiIANGR%eP tiBnates in | LMredésd RENAANTEALON HRtahlRl . The
met hod deternmnes a Signal-to-Interference Ratio (SIR) threshold based on

the cycl i cial Fedlndenyding treakiegmplateenkodineent he parallel instances. In
an exenpl ary enbodinent illustrated in FIG 1, a wireless 15 comuni cation
system~10 i ncludes a base station 12 that communicates with nobile station

22 via an air pteAfEER DESCRIPTION GOTHHEREFERREDIEVIBODIMENTTS €SSes

separate multiple transport channels each corresponding to a data stream
to nobile station 22. A transport channel is a channel for transporting

dat a between thg physical ,channel and Fven dest| i . A2 port
channel, fromt ﬁgﬁ%lm’ﬁré’re ?orgﬁngp%vgfe\}ﬁei Brese%ﬂgﬁﬁgﬂ“f) Hatg @Qﬁ%&ct S
the higherwligygds t@ahtdicsionneysté@ ihplahbagatedobéd d00p pbrephivsitesi
channel . 'Wen the higher-layer bits pass through a transport channel, they

are apifendewthpdn vameel mouligpleodedanessd of dhe - oralieenogp Bre Perimedyfas of
s T e
threshold based on the cyclical redundancy checking criteria over the parallel
instances.
In an exemplary embodiment illustrated in FIG. 1, a wireless
15  communication system 10 includes a base station 12 that communicates with
mobile station 22 via an air interface, radio link 20. The base station 10
processes separate multiple transport channels each corresponding to a data
stream to mobile station 22. A transport channel is ‘a channel for
transporting data between the physical channel and a given destination. A
20 transport channel, from the transmitter point of view, is a channel that
connects the higher-layer logical channel to the allocated bits on the physical
channel. ‘When the higher-layer bits pass through a transport channel, they
are appended with CRC bits, encoded, and rate-matched. Different types of
transport channels are defined by how and with which characteristics data
25 are transferred on the physical layer, whether using dedicated or common
physical channel. The transport channels are multiplexed to form a Coded
Composite Transport Channel, referred to as (CCTrCH). A CCTrCH is,
therefore, the result of multiplexing one or several transport channels. The
data streams are provided via the transport channels 16 to the CCTrCH
30 interface 18, which is further detailed in FIG. 2. The CCTrCH prepares the
data streams for transmission over the radio link 20.
Note that in the exemplary embodiment, system 10 is a Code

Division Multiple Access (CDMA) wireless system, consistent with "ANSI J-



physi cal channel. The transport channels are nmultiplexed to forma Coded
Conposite Transport Channel, referred to as (CCIrCH). A CCTrCH is,

t her ef or ayootig2resul t of mul ti pl exi ng one or several tranBEDUSOIEASaINEl S.
The data streans are provided via the transport channels 16 to the CCTrCH
30 interface 18, which is further detai !Sed in FIG 2. The CCTrCH prepares
the data streans for transm ssion over the radio |ink 20. Note that in the

exenpl ary embodinent, system 10 is a Code Division Miltiple Access (CDIVA)
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interface 18 of FIG 1is talledln FI'G 15 As illustrated, the
transpHtt Sﬁéﬁﬁ\'ﬁ@}’sl‘eé‘?ré%&@ %fa?lég}&t]?ﬂar%atﬁo(%@&) iy S ke M‘Pl?lll?)lsé%li}% 2nits

32. For cl C | ts
32 is assi g{nacla&dd Eg&fs%cgr ?%s%}fﬁ é& gfnggeo?{gd Slﬁm P%eq%e codi ng
and nul ti pir&anfa@ u&l frsaraerpa)rt:olnmhﬁﬂls 26 aae GﬁHd@biprﬁuéstsldatestmaM vdtereeinn t he

informatio the transport channels_is 20 nmultiplexed and provided to an
interface &@Ttrcﬁs“ttﬁ%fﬁc $ and pregpsses2tata for and presents data to the

physi cal channeh, 5030 bihe?@CatCH fAterface 18 of FIG. 1 is detailed in FIG. 2.

15  As illustrated, the transport channels provide data streams to coding and
multiplexing units 32. For clarity in FIG. 2, each one of the coding and
multiplexing units 32 is assigned an index corresponding to a transport
channel. The coding and multiplexing units are coupled to a CCTrCH
multiplexor 34 wherein the information of the transport channels is

20 multiplexed and provided to an interface unit 36 that which prepares data
for and presents data to the physical channel, radio link 20 of FIG. 1.

Referring again to the wireless system 10 of FIG. 1, the mobile station
22, as well as other mobiles not shown, is typically moving within system 10
with respect to base station 12. Generally, reverse link power control ensures

25 that the base station 12 does not receive excessive power from a proximate
mobile unit compared to a distant unit, i.e., seeks to solve the near-far
problem. In the exemplary embodiment, system 10 employs a closed loop
power control scheme that is illustrated in FIG. 3. The closed loop scheme
includes an outer loop and an inner loop for controlling transmit power

30 based on a link quality metric. An inner loop periodically compares received
signals to a threshold value. The threshold value is related to a link quality
metric and usually represents a ratio of signal energy to noise energy. The

outer loop initializes and periodically updates the threshold value. The



Referring again to the wireless system 10 of FIG 1, the nobile station 22,
as well as other nobiles not shown, is typically noving within system 10
wi th respeav2sxr7bhase station 12. CGenerally, reverse |ink POWESOIGSHLIr Ol

ensures 25 that the base station 12 does not receive excessive power from

a proximate nobile unit conpared to a djstant unit, i.e., seeks to solve
the near-far problem In the exenpl aryéenbodi ment, system 10 enpl oys a
cl osed | oop power control scheme that is illustrated in FIG 3. The cl osed

| oop schengeriochof tidesuian loop és tmioglypndidinlairgerethahoidye period ehtthelihieg
transmt power 30 based on a.link qualit tric. An inper |
peri odi cal'P§Pco s cprira] vaerisiong nates n{a(ﬁreg 1P hFESPRGPE Valrﬁgﬁglj' 1 the eshol d
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of signal gy to noise‘energy. The outer loop initializes and
peri odi cal dorrespdatiasg tiensnhitees had gowar uentit eind@u@pioA32 7 TheCliauSait 45349 6

period _of the outer loop is typically much |arger than the. peri of the
Poner - 31 odis PRI BPBEICHERS by ArUSieS Faem P PUED GRe E e ath 3¢ of ¢ he
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corresponding transmt as power control instructions. The transmtter 5
r esponds t@ontrel (TBEC) bitsidefmdoly imdifhes physicalr ahamn¢l poweturaccdn dimgher | n
one enbodi nent, a power contraol Jdnstruction is sent as the Transnjt . Power
Control ( TEEpOBImEGE PRAET St FHyRiHon oh ARRSTILERURT AORE | HOHSL her
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Bit (PCB) inserted in the CCTrCH transm ssion. The assertion of the TPC or
10 PCHO nsPC€Bdnstrudie the ceq@piemt to dn¢neesepewepandmegadiomeefathiednt oistruws bi t

instructs _the recipient, to d Note that tion and
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an increase/ decrease instruction whereinthe polarity of the assignnent

may be i nplogiveleveband vicel Sevaar i Thg THC WBYB) bitiprevidascaribeghsasesrarag use
xanpl o, - onstsnbenrrase EERORRS PRt S ubn ERUS,f Rhelier et o
channels  variety of ways. Alternate embodiments may use alternate methods to
instruct the recipient on power adjustment. For example, one embodiment
transmits the instructions using an alternate channel.
In the exemplary embodiment, the PCB indicates an incremental
increase or decrease wherein the increment is a predetermined power
20  adjustment step. The power adjustment step may be the same for increases
and decreases or may be different. Also, in the exemplary embodiment, the
power adjustment step is defined as a dB power step. Another embodiment
utilizes multiple PCBs to provide an indication of the power adjustment
step size and direction.
25 As illustrated in FIG. 3, the threshold value is set to a value as a

function of a link quality metric, wherein the link quality metric is defined

EC
as energy per chip (E,) per noise power density (Nj), or N As E. is related

EC
to the average modulating signal power, the metric No—is related to the

EC
received Signal-to-Interference Ratio (SIR). Therefore, the value N

30 provides a link quality metric that directly responds to the power control



In the exenplary enbodi nent, the PCB indicates an incremental increase or
decrease wherein the increnent is a predeterm ned power 20 adjustnent
step. Thavpomexn27adj ust ment step may be the sane. for increRePIS@NMd34ecr eases

or may be different. Also, in the exenplary enbodi nent, the power

adj ustnent step is defined as a dB power step. Another enbodinment utilizes
multiple PCBs to provide an indication 6f the power adjustnent step size
and direction. 25 As illustrated in FIG 3, the threshold value is set to a
val ue as acorhutgid.on Adferfafei REnlspdinhdnts medayi dmpléweieat nothe nhetkicsjutlatt y
metric is defined E as en%rg per..chip (E, ) per noise power density (NO),
or ~. As ferveas/ipfigaigns pl litgkode#étyaver age modul ating signal power, the

tric 70-i : i~ ' Si | -t Q- f '
(S1R) - Ther of or B hdgutfals gp AGECRLAFIORARG 2 Brd L Hicht HF e

directly raepads d¢fo théeinpeneloqonpower Wdr(irdl4 3ebatitéd/ US0d7dhG4D the
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operation, according to exenplary enbo e I'nner Toop I's part
of the cl ostatioholipapdwhe mobile dtaiohe2® obfFIG! G péfodsat thet hraterf wopt had
exenpl ary enbodi nent, the base station 10 and the npbile station 22 of
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measures EN of the forward |ink. The base station No 10 10 t hen sends

power control instructions to the nobiEe station 22, and the

and the mobile station 22 measures N—-of the forward link. The base station
1]

10 10 then sends power control instructions to the mobile station 22, and the
mobile station 22 sends power control instructions to the base station 10.
Alternate embodiments may perform the closed loop power control
operation at one instead of both participants of the transmission.

Continuing with FIG. 4, the iteration starts at step 52 and measures the

15 N of the received signal at step 54. The measured N is compared to the
threshold at step 56. The threshold is a quality threshold and may be
considered a power indicator. At step 58 the receiver determines the PCB(s)

to send to the transmitter based on results of the comparison of step 56. The
receiver then sends the PCB(s) to the transmitter at step 60 and ends the

20  iteration at step 62. Note that each receiver continuously monitors the link

metric Nc— While the inner loop operation illustrated in FIG. 4 monitors
0

EC
the received signal quality, it cannot easily distinguish the link metric No—for

each transport channel within the CCTrCH. (The exemplary embodiment
uses the outer loop operation to distinguish between the individual
25  transport channels making up the CCTrCH.
The outer loop operation of the exemplary embodiment uses a metric
that is related to the transmission error rate of each transport channel. The

exemplary embodiment uses the Cyclic Redundancy Check (CRC) as a metric



nobil e station 22 sends power control instructions to the base station 10.
Al ternate enbodi nents may performthe closed | oop power control operation
at one i we0eaw20§ both participants of the transm ssion. BoMUSeOwdsssy Wit h
FIG 4, the iteration starts at step 52 and neasures the - of the received
signal at step 54. The neasured E - is gonpared to the 15 E 7700

threshold at step 56. The threshold is a quality threshold and may be
considered_a power indicator. At step 58 the receiver determ nes the PCB(s)

to send tof@heprdatingnithe ethreshald alueesulNode oihat nihec sapalitusan GRNSPER 56.
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4 monitors 0Q E_the received signal quality, it _cannot easily distinguish
the |ink nBtohabilitiesr The taarenispignserset releamettc wndividualeesctin eralysihe
exenpl ary epbodi nent uses the_outer | oop operation_to distinguish between
the i ngEiF Vi ng anpe peHRLYapce.c erhé‘t ﬁ%&ieﬁ%rubrqtﬁgﬂ@@ﬁ?@% FHEABWN Y | oop
operation X | i t.u netric that is related to the
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enbodi ment usesFbhethey ehdeC oReflupsidacirabhiesit (KdXaelpshavinBt al B1OMR @2fAH3275
PCT/ US01/ 45349 8 for updating the threshold value. Note that the

const i t uenprdbrabilsfyontgetctfantied €RA nidteic Gady Gd inmyleheertod extcusding te thar i ety

of error-control codes, wherein individual transport channels result in
di fferent flbwking pewer mooidischemes. The transnission error rate netric

i ndi vi dual i zes the _analysis 5 of channel performance. Note that the error
probabiity tar ée(QR(Efalﬁ@IﬂFé?Dy"em farget SIR by A; (1)
€
if (CRC pass) f Decrement target SIR by ITG"A . (2)

The target SIR corresponds to the threshold power level for the transport
channel. The CRC check is performed at the receiver (base station 10 or
mobile station 22). In other words, the absence of CRC errors indicates that
15 the SIR threshold was likely set too high. In this case, the threshold may be
decremented. The presence of CRC errors indicates that the SIR target may
be set too low and the SIR target should be incremented accordingly. In

steady state, the target SIR will be adjusted such that the block error
probability results in €.
20 For multiple transport channels within the CCTrCH, the transmit

power per chip is adjusted for all transport channels together. An iteration
100 of the outer loop operation of the exemplary embodiment is illustrated
in FIGs. 5 and 6. At step 102 the outer loop iteration begins. At decision
diamond 104 the receiver checks for CRC errors in transport channel(i),
25  wherein the CRC for transport channel(i) is identified as CRC(i). The index i
corresponds to a transport channel. Each transport channel(i) has an
associated TARGET(i) representing the threshold value for transport
channel(i). The TARGET() values represent the individual threshold
values. If there is no CRC error on transport channel (i), processing
30 continues to step 108 to decrease the TARGET(i) according to a

predetermined formula. If there is a CRC error on transport channel (i),



fromtransport channel to transport channel. For the case of a single
transport channel, having a block error probability target of E, the CRC
metri ¢ mwo bz432npl enment ed according to the follow ng poweeT/os045849 schene:
10 if (CRC fail) * Increment target SIRby A, (1) if (CRC pass) $
Decrenment target SIR by I~ . (2) The target SIR corresponds to the
t hreshol d power level for the transport” channel. The CRC check is
performed at the receiver (base station 10 or nobile station 22). In other
wor ds, thepaiessing ahtidR@seto siep I06dbdatense MARGET(T) ebBlaRptdtetstminddwas
i kely set too high, In this case, the threshold my be _decrengented., The
presence ofMORAter r dhE SYEIBARBE ?‘H‘i’@ﬁﬂrﬁ@nﬁzl R Wntﬁafhebéf%‘g?m%lq ow
and the Si ' t rdi I .e, the
Bxieftfitf! uliablbdle BRWACL AR RAARR! Hdifldhal tfbns?og?&}/atré{e?%

target SIR w adj usted such t | ock error proba sults

in F. 20 For mulgtORcefdifansRemenPaANIREBT To?iA{Ii)E he CCTrCH, the tggnsmit
power per chip is adjusted for all transport”channels together. An

iteration 100 of the outer | oop operation of tl)e en;_gl ary enbodi rent is
i |1 ustrated inlfFéC&Z.pgsSAﬁdDec.remer@tTépR@EI@)hﬁlgcg@% op iteratié begins.

At decision dianmond 104 the receiver checks for errors in transport
channel (i) Th@anyiiareiites ¥ TRAGOT() t&ransRAktereliaBaeldepehgchdNorfdRH as
CRC(i). The index i corresponds to a tran5£ort channel’. Each’ transport

channel (i) traaspent chassebi athed mpnReEmi 9f alkghe dndividyal HARGES N dbd iwdl ue
for transport hannel(i)., The T TO val.ues, r esent the. indi vidual

t hr eshol d Q‘\/Hl’[&ié? emplgvp(%};leaq gh%?ﬁ%ér%ﬁ\fr 50T B¢ ?Eé]q]gg[g’r #s Eﬁlﬁn € ?"51?1
processi NgsARfE o blbidSerdrdr ProBabildy tRgde6f eage tdipbRERdahdl ACGRIadyNg tO
a predetermned formula. If there’s a CRC error on transport channél (i),

WO 02/ ¥327staprcTin gtead i 6R4® eqoativrsc@ shdd4-guatantessthad theepranprababilityr ease
TARCGET(i) by a predeterm_ned _anount. The_ exenpl ary enbodi nent, inplenents
the CRC neis f@- EQt examiger #fefra%\ﬁgemrtheoﬂ%rp &Arest e de0 B ilowes thaa)

transport g)bp?eré?eec{,schen after 100 block errors the SIR target will still be at least 100 —

100*A lower than the required value. Therefore, all 100 blocks will probably

be in error, leading to an error rate of 1. As all of the individual transport

15 channels within the CCTrCH utilize a common channel for transmission,

the quality of the CCTrCH reflects the transport channel experiencing the

worst quality. In other words, the transmit power is adjusted to satisfy the
worst performing transport channel.

Note that alternate embodiments may increment and decrement by a

20 same amount or use a same formula. Alternate embodiments may use

predetermined values for increment and decrement. From steps 108 and

106, processing continues in FIG. 6. Note that in one embodiment the CRC

error check of decision diamond 104, and the resultant increment at step 106

or decrement at step 108, is performed in parallel for i=1, 2, ..., N, wherein N

25  is the total number of transport channels within CCTrCH. The CRC metric

provides individual threshold values for each transport channel. Iteration

100 continues from step 110 in FIG. 6. at step 112 the transport channel index

i is initialized to 1. At decision diamond 114 the receiver determines if

TARGET(i), the individual threshold value of transport channel(i), is greater

30 than the CCTrCH threshold wvalue, labeled "THRESHOLD." If the

TARGET() is greater than THRESHOLD, then THRESHOLD is set equal to



If (CRC fail) 4 Increment TARGET(i) by 0(i); (3) 5 if (CRC pass) *
Decrenment TARGET(i) by 1-6(i) (i). (4) The initial values of TARGETO are
pr edet er waezi4izntlependent |y for each transport channel. FoRURSIX4SBasm of al |
the individual TARGET(i) for i=1, 2, ..., Nis enployed as the SIR target
for the CCTrCH, as this value will satisfy the block error probability
target of each transport channel in stégdy 10 state. In steady state
equations (3) and (4) guarantee that the error probability is c(i). For
exanpl e, ithef valne d TARGET (e Bl Repailifet PwocesingBcomtivres himn desigient ed,

100" A" | owsHaEHAHL (S eARTEFBIRG A deRGRaRY by less hpn: SEORRHRE e <
probabl y lggggnv h’éorligélgﬁdi'ﬂjﬂrﬁ?{.@n BEPYH "5kGeils %n}fAT_AéR(EE’T(i) tA®m

i ndi vi dual ansport annels within the CCTrCH utflize a comon channel
for transndgsirtng tédegmadyi fyomf thhe cEFENCHTHERESIQL.D heratueandpor thehannel

experiencing.t Mworst quality. .In other wo a ' ower, i s

adj ust &d th%{]EQ%(f)ylstgféat%Lg? ibds pefr SHYR) @r(i%ﬁgéhé\ﬁ@&&kﬁta\f ARt
alternate odgren | per i) ﬁéﬂﬁ HAt or
use a sarre@jgr?rru a.b%@}!snat;ﬂg gﬁ&l’%ﬁtgeﬁéﬁ use P%?Igél%t%grm e%le%\r/rgl ues for
i ncrenent BHRESEIDEDevilue Fhatdetrépstes Gl thedothkddramperesbangelsonini thies i n

FIG 6. Note that in one errboqjl manﬁ m CRC error check@% deci si on
di amond 10%5€alilf PHHET FEOEPPHNATE {04 expRplened dnany (RC 2B A st ep
108, is peflosiRd ddleRd Abtflor 6f _tl'le:éute%éﬁop #113 Nndwhaugl TARGETI wallée t ot al

nunber of transport channels w thin CCTr ' nmetric provides
i ndi vildual asshcietadowithy #leuetherorarspirt tahansplsr wild reontisiue ta deeeimegnt. 160

continues fromstep 110 . in FI 6. .at step 112 the transpori, channel i ndex
s initidqhen ‘Efgnworhthlféﬂ%%i B%Ia?eén%fﬁg‘sﬁ‘ié Fﬂ%n?%lgﬁi \%érhk?e{lgf‘ iMes i f
TARGET(1) , cl{Brel, ¢ irf{e{g%}_i'_?dket Mag§hRbehtiodls URr Ghe tddtiemehte TAREET! Valules
greater 30 than the rCH thréshol d val ue, |abeled "THRESHOLD." If the

TARGET(i) fios rgiuent é0 arhappreREskoleyelt eith THRPSHOLD e satrrerfudimiBngo
ggﬁ]f?ﬁzgsP@#@g{éﬁ@ﬁi}%ul&ggtirrllet}Yeaio%(sa o?ftre-lrr'lb‘s%%%t-ri)ilgckas‘? FhERust 1t a'?:ra%%(gSSi ng
15 wvalue, such as DEPTH, diminishes the loss of data in such a scenario. [Can
you please show me the origin of this paragraph? It seems to be a completely
different idea from what I had.]
Processing continues to step 122 where the index i is incremented. At
decision diamond 124 the receiver determines if all transport channels
20 within the CCTrCH have been considered. If not, processing returns to
decision diamond 114. If all transport channels have been considered,
processing continues to step 126 to send the THRESHOLD value to the
transmitter. Iteration 100 of the outer loop ends at step 128.

In one example, the system desires to maintain a block error rate of
25 1%, i.e., (€ = 0.01).Furthermore, the increment step, A, is set to 0.5. The

values TARGET() for i=1, ..., N are first initialized. The outer loop performs

a CRC check for each transport channel(i), and the results processed as

follows:
if (CRC fail) * Increment TARGET(i) by 0.5; (5)
30 if (CRC pass) + Decrement TARGET(i) by (0.5/99). (6)

The maximum is determined from the N transport channels and the

THRESHOLD value is set equal to the maximum value. Using these values,



di anond 118 to determne if TARGET(i) is less than THRESHOLD | ess a range
val ue, | abel ed "DEPTH. " DEPTH prevents any TARCGET(i) from departing too
greatly fwonm/sizes current THRESHOLD val ue. |If the 5 TARGETPCY/USSl/4FBat er
then it is set equal to (THRESHOLD - DEPTH) at step 120. This prevents the
case where a transport channel (j) requires the THRESHOLD val ue that

dom nates all the other transport channefs. In this case, the other
transport channels will not experience many CRC errors, and therefore, on
each it er athemvetageblasist enror gate ishtountdienpiviplly ARGEE appuosématlnskbci at ed

with the other transport channel 1.1l continue tp decrenent. .lf. another
t ransport é%]lg%ﬁgfe r BF}R!%% aﬁ@oq\ﬂl Eﬁgﬁn@la?'j 5“‘8@91{1% 19tREE i Rlgek @TEAhel |
it many takgob@ility} tebatk) fhwell Qs ﬂt&nﬂ@cﬁ@%ﬁ@aﬁ@fEéB%Eiﬂ?ltﬂsqncﬁ&néﬁE urn
to an appropriate’level with respect to the current I'imting THRESHOLD,

resul ti ng iandyRe destemernt valassport bl ocks. The use of a range 15 val ue,
such as. DEPTH, dim pi.shes the loss of d in.such a, scenays.io..J Can ou

pl ease 5shoyv ne %r@ Ztlﬁ]d‘%ﬁatg? % k‘iaélsﬁ%%VSb?-’?gh‘?uﬁ ager@ﬁgﬁ?osqﬁéoﬁ %ﬁié?%l y

di fferent idsastation MG FIG. N9dedorbie €5 nRGerABBEIMES DeSir8RsckiverPEy € the
index I is increnented. At decision dianond 124 the receiver determnes if

al | tr anspénrelugdpnpananéentzo2@d, toupladhéo acintufarevte Beephysinali ldgerd04.1 A not ,
processi ng t ision di,apond 114, 1f all transport .channel s, have
been consi g’rer gg;ﬁ?%treg%ggjarﬁ&esg%%ﬁ%ﬁg};bnptogﬁgtté%n%t tcgag% g ds £RpE D
val ue to thethd radaed 264, thé pesaisbon21d)Andf theh dawt ahd! GepLsReM AturtLp
128. In one exanple, the systemdesires to maintain a block error rate of

25 1% 10 . ¢ 208, sCedimgn and Favd iplexdng , unhie 708cpeoneps the efatasstréamsetf the 0. 5.

The al ue T(4l r .= oy fir i ni-t.ialized. Th uter | oo
per f o\r/ ns ) gra% élléimieg r Sdéﬂ%% t%dr ar%}{p:éo r%{)g% ﬁﬁgl ?‘lu)l%,lpgeﬁ(éng h‘ém}% ?Lq%t gre P
processed &srthéol domedito (KRGried | detéetidicr@men1TARGE T hE) pycddsdy 218) 30

i f (CRC pass) .$ Decrenent TARGET(i%i by (0.5/99). §6) The maxi mumi s
det er ni ned FEEdert Heencodingspad t TAHERIRNIBE atiBite hd0S THRESHOLPOVET weonitzoket

equal to t Iﬁ’?stf@&ﬂdﬂémté‘ a&%ée ‘po%eirngoﬁﬁgf eulYﬁl E?f,’ wherein the power control

15  instructions are received by the transceiver 200. In response to the power
control instructions, the power control unit 212 sends a signal to the power
adjustment 214 coupled to the antenna 202. The power adjustment 214
includes an amplifier for adjusting the signals transmitted from the
transceiver 200.

20 Power control processing within transceiver 200 includes two parts,
wherein a first part adjusts the transmit power of transceiver 200 in response
to power control instructions received as feedback from a device(s) that is a
recipient(s) of signals from transceiver 200. The second part of the power
control processing is to provide feedback to other device(s) from which

25  transceiver 200 receives signals. In other words, transceiver 200 provides
feedback to transmitters and receives feedback from receivers. The processor
216 receives the results of the CRC check for each transport channel from
error detection unit 210. From the CRC() information, the processor 216
calculates and stores a TARGET() for each one. The TARGET() represents a

30  channel quality metric threshold for each transport channel. If the CRC fails,
more transmit power is needed for the associated transport channel, and
therefore the corresponding TARGET() value is increased. If the CRC passes,

there may be excess power used for the associated transport channel, and



WO 02/ 43275 PCT/ USO01/ 45349 11 the average block error rate is found
enpirically to be approximately 1% Al ternate exanpl es and enbodi nents may
i mpl ementwobhen27Hl ock error probability targets, as wel | pa@pUsII4EB4vat €

met hods of conputing the increment and/or decrenent values. 5 FIG 7
illustrates a transceiver 200, such as bile station 22 and/or base
station 12 of FIG 1, according to one odi nrent. The transcei ver 200

i ncl udes an antenna 202, coupled to_an interface to the physical |ayer 204.
A CCTr CH thereforacthepearsesponsling el A BAPOE) tverlue dfsfrsreasedanhbe prerepsor

coupled t e interface 20 pr.oce r..216. and. t he codi n

i £ ot exi 7 it HEB5s “GE RO R RaRBRHE PR | DooB8 P88l
data streapluef b€ ol HaO $R@IVidGRIAMTRERGETPPeAles. The coadhdigteat@nsport

mul tiplexing units 208 are further coupled to the error ‘detection unit 210

and the preeayydrthresholdruakueein aree epdwidigeatdisnthe mpddxiwg ofi 2l thes

provi de- p I rol, instructions to the power control unit 212, wherein
t he poarom(?%ﬂ)lgalpﬁ%tructions are received by the transceiver 200. In
response to theThayeh n6@lt hal iMproved | BRshod hen@oNFSara Y 6 tHaMdmal2
sends a signal to the power _adjustnment 214 coupled to the antenna 202. The

power adj upewentcortep! jincd ydissless compmunisatipnr susfpustiaggbesre desgribed
transmtte 0 .1 Lrapscej . r n | +pro ' i thin
tr anscer ver Mo i RiAG R0 At ot it RS aRROGRERHEAOH,

WO parts, er el

transmt peywemDidd, r aifeeauen, 28¢naR, reisnosmebols) falethip®nthael may be
I nstructions received as feedback froma device(s) that 1s a recipient(s)
of si ghhl srefeismeed dheeughmait the@bovredesedphanetadyrniageoyshye Fepresenries

rocessi ngy.d oyj ee . Vi gr '
Ito ranscei v gw 3’6’ ﬁ)ﬁrgg %‘:’e %%gn{ssf g%gﬁg&%gngﬁg gv&aggsr’ dlgl %%ﬁ%té%\ sfcg:)éem%rc % 1] gécﬁ)lre dvi des
f eedback teptitarfseiils oeparadds,r@cany esmibérstbac khdreofn r ecei vers. The

processor 216 receives_ the results of the CRC check for each_transport
channel from efhese @éiskdl jwauldhifurthen apprecintenthathbe Yaiouhatlivsiativge

processor %@cal LAY M KRB EilAEeEnd afm}-rps{e%rs FREALENEn -cohBR ciHREETO

represents
15  with the embodiments disclosed herein may be implemented as electronic

hardware, computer software, or combinations of both. The various

illustrative components, blocks, modules, circuits, and steps have been

described generally in terms of their functionality. = Whether the

functionality is implemented as hardware or software depends upon the

20 particular application and design constraints imposed on the overall system.

Skilled artisans recognize the interchangeability of hardware and software

under these circumstances, and how best to implement the described
functionality for each particular application.

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

25 and algorithm steps described in connection with the embodiments

disclosed herein may be implemented or performed with a digital signal

processor (DSP), an application specific integrated circuit (ASIC), a field

programmable gate array (FPGA) or other programmable logic device,

discrete gate or transistor logic, discrete hardware components such as, e.g.,

30  registers and FIFO, a processor executing a set of firmware instructions, any

conventional programmable software module and a processor, or any

combination thereof designed to perform the functions described herein.

The processor may advantageously be a microprocessor, but in the



30 channel quality netric threshold for each transport channel. If the CRC
fails, nore transmt power is needed for the associated transport channel,
and themvedores2the correspondi ng TARGETO val ue i s increasrpdT/Usé1/45B® CRC
passes, there may be excess power used for the associated transport
channel , and WO 02/ 43275 PCT/ US01/ 453495 12 t herefore the correspondi ng
TARGETO val ue i s decreased. The processor 216 then determ nes a CCTrCH or
conposite transport channel threshold value based on the individual
TARGET() valteewitivenetheoppeasbt® Maandporty consandpneh rioresary apntrollerone
embodi nent _J.s.. t i I T Vv ) , .pov.el and
i nproved n&l oo Iaglﬁlgﬁaﬁ’g??aﬁ%tse 6 Ffl{}\%an?n}%%A%? r@%%@?esl I$¢1iﬁar%1$§ﬂglss
conmmuni cat RYMS isdreory) aladde exerdese  ROM. mehi®Rse EFROM Ithembry hEEPROMOUI d
understand that the data, instructions, comands, inforpmation, signals,
bits, synbBlemonndregisiees, haed ditly paerpvablerdplced CRIRGYhoOt ayeobsve
descripiio esent e vol C S

el ect r?nag%ber%ﬁ %f%g(%’/%gé %qn%gl#%‘{‘ %/lg{cs/?fél %s%er gr[;car }il%%éﬂé&%g%rpma a{e%? |ee}r}j§’1 Tor
particl es, ASICaApt ehoWwnhaTheASIEHEGS resldwita Qélthbhé (et Isldow?.t Harthe
appreciate that. the various illustrative 1ogical blocks, nodules,
circuits, aliernatysyithamresesser gyt reshdel in tegeﬁtmq- oA he [Bragesserthay be

enbodi ment a6l 0ned 0! AR de drPERIFERLAC SRl erlbante BaLdere

conputer s war e, or conbl natl ons e vari S Ustrative

conponent smibtoptlsSessomdit emjuncticivith adDEPdoegsetbave been descri bed
generally in terns of their functionality. Wiether the functionality is

i npl enttht ed as ABERAEYOUSIdessHpliapoiddsdrigteried smbpdimeninis PEyided fo
applicatio j ks [ S . Skilled
artisans rg%%%%ﬁ?‘??ﬁ%@%t@%ﬁéﬂé@%bﬁ?ﬁﬂ Sggh(gjr]ﬁ\s/\g\rﬂgé ?r{gseggcf vvarng(%u'nder

t hese cir cUhetaries, madifidativnsest thiese iemph edievdntt heiltl @eceadidy appanaititonal ity
for each particul ar application. As exanples, the x%(tjou illustrative

| ogi cal bl  Skitlad| i8s the arte gndsthe gengie Pamydpies w&ﬁélea@élcﬁn@é&q n

connecti ona¥hfily 1€ o B OMBBAlRents without the use of the inventive faculty.
15 Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

WE CLAIM:



di scl osed herein may be inplemented or perforned with a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
pr ogr amabd e2/ggve array (FPGA) or ot her programmabl e | ogi BCO®BIICE349

di screte gate or transistor logic, discrete hardware conponents such as,
e.g., 30 registers and FIFQ, a processof, executing a set of firmware
instructions, any conventional progranmable software nodul e and a
processor, or any conbination thereof designed to performthe functions
descri bed herein. The processor may advant ageously be a m croprocessor,
but in the WO 02/43275 PCT/ US01/ 4534%y A8l ternative, the processor may be
any conventional processor, controller, mcrocontroller, or state machine.
The software nmodul es could reside in RAM nenory, flash nenory, ROM nenory,
EPROM nenory, EEPROM nenory, registers, hard disk, a renovable disk, a
CD-ROM or lany bt pevinsless camynusicatiggesyptmunwhririnimphinla«lada strepms

pr ocesspr : . r a
el ephone LaoiebRsifisd 8 selb Gt ChnTTeMs pepos e ShIMLEMERLE T,
t el ephone. a Plarditgagsisaisprry chenndled enehbéctoaspdsiagnbi nation of a DSP and
a mcroprocessor, or,as two mcroprocessors in conjunction with a DSP
core, étc. 10 TRWSigHBE SuBOWEEdnditaten tor cadle ¢f Shrerplodaléh i HiaRsBOT s
provided to enable ﬁxlﬂg[mpagson skilled in the art to make or use the
present invention. e various nodifications to these enbodi nents will be
readi | o appar entletremdritogethekpdiver indichtoe ardachaoidthehglugealigr of tramispotipl es
defined herein may be applied to other enbodi nents wthout the use of the
i nventive faculty. 1ShaFHIFES, Ihiaﬂg‘&)ﬁe%'éﬂ%misﬁ%hﬁ'li%; is not intended to be

limtedto the ;pubodLRRBLA 1841 QU od O § he,yidest
scope consi sten% W th tﬁe S I nci p{]g{sl %tlrz:’gl noevecfl éeat &p%gg%f}gcfjg%egpﬁ{g?ei n.
VE CLAIM WO 02/ 43276h&GE]4S0Hhdb34 rarisiniSkibinMS ror;

10 determining a maximum power indicator from the power indicators

of each of the plurality of transport channels;

12 making a power control decision based on the maximum power
indicator.
2. The method of claim 1, further comprising:
2 detecting a transmission error in at least one of the plurality of

transport channels.

3. The method of claim 2, wherein the detecting a transmission error
2 further comprises:
performing a cyclical redundancy check on each of the plurality of

4 transport channels.

4. The method of claim 1, wherein the power indicators are signal-to-

2 interference ratios.

5. The method of claim 1, further comprising:
2 transmitting the power control decisions to a transmitter;
wherein the transmitter adjusts the power in response to the power control

4  decision.



1. In a wreless communi cation systemwherein nultiple data streans 2 are
transmtted via a conposite channel, the conposite channel conprising a
pl uralitwebzirahsport channels, a nmethod conprising: 4 aBET/GRIINF3® power

i ndicator to each of the plurality of transport channels; 6 decrenenting
the power indicator of each of the plurality of transport channels having
a transmssion error; 8 increnenting the power indicator of each of the
plurality of transport channels without a transm ssion error; 10

determning a i mum.power indicataor from.ithe r 4ndicagtors of each of
the plural é]'ty orT?ﬁ‘Fl’"Qﬁ %Sr?pB?FQg%PEﬁOE@%@%@%ﬁ\é\ﬁ\ﬁgrd%%‘ﬁ tol decision
based on the maxi mum power indicator. 2. The nethod of claim1, further.
conprising: 2 detecting a transm ssion error in at |east one of the
plurality af tThespethbdotfadaihsl, veherBinms net hod of claim 2, wherein the
detectijng a trapsm,ssion error .2 further cqr’&rise , pai]:orm' ng a cyclical

redunddncy checlheoTe@SRRNGRSARPISS # GPFIENIH StoP VAl A channel s. 4. The

method of clai Mk intfghehfing %?men iMebARhP LB Sl @ifRrehOfrofn the
interference ratios. 5. The hod of claim1, further conprising: 2

transmdtting the powdecrenwent stepdgelusions to a transmtter; wherein the
transmtter adjusts the power in response to the power control 4 decision.
WO 02/ 43275 PCT/ US01/ 45349 15 6. The wirel ess apparatus perform ng the

met hod of gl ai e mdthod BN 9d wiHerelrAtHE decréhRin@ishep FafuReisdecr ementing
applies a decrenent step value; and
function of the increment step value.

9. The method of claim 8, wherein decrement step value applies a target

2 error probability to the increment step size.

10. A method for power control in a wireless communication system,
2 wherein transmissions in the system use a composite transport channel
comprising a plurality of transport channels, comprising:
4 receiving data streams via the plurality of transport channels.
determining an individual quality threshold for each of the plurality
6 of transport channels;
determining a composite quality threshold for the composite
8 transport channel, wherein the composite quality threshold is

equal to a maximum of the individual quality thresholds.

11. The method of claim 10, further comprising;:
2 updating the individual quality thresholds as a function of
transmission errors on each of the plurality of transport

4 channels.

12.  The method of claim 11, further wherein the individual quality
2 thresholds are maintained within a predetermined range of the composite

quality threshold.



the incrementing applies an increnent step value different fromthe 4
decrenent step value. 8. The nethod of claim7, wherein the decrenent step
val ue i s w0 o024f20hcti on of the increnent step value. 9. TheCcmEshiod3of cl aim
8, wherein decrenent step value applies a target 2 error probability to
the increment step size. 10. A nethod for power control in a wreless
communi cation system 2 wherein trans '6ssi ons in the systemuse a
conposite transport channel conpri si ng a plurality of transport channels,
conprising: 4 receiving data streans via the plurality of transport

channel s. 13let eTHE Hhéghodnof ﬂdimildp@.ﬂlrtﬁ@ﬁhbfr},pﬁdﬂﬁgsh0| d for each of the
plurality 6 of transport channels; determ ning a conposite quality

thresh@ d for tperfoomingia eycligak redisdancycrkeniefor andr @if nthenpluralitnft e

quality threshold is, _equal t0 xi mum of the individual quality
t hreshol ds. 11. The ggp%ggtoqhagﬁgg?n 10, further conprising: 2 updating the

i ndi vidual quality thresholds as a function of transm ssion errors on each
of the plurali t>f of transport 4 channels. 12. The method of claim 11,
further wht-ei nThaenetheidelaclaimdfamheren afransmoities usee theicargioséte within a

predet ey m ned.r of; st.he ite |y ty.threshol d. WD 02/43275
PCT/ US%/ 4%1% Waﬁggi}?ldfﬁemﬁg%g%’%fm&%ﬁrﬁlefﬁs,l(t’?sﬁrt her conprising: 2
perform ng a cyclical redundancy check for each of the plurality of

transport channels. 14. The nmethod of claim 10, wherein a transmtter uses
the conposlde 2 virslessppparaighofempsisifigie power control decisions. 15. A

wireless appar %}%oc&s%ﬁﬁro‘p%k%e %o PrBLOSCRRAMipRP YRt bif8akrS, RIRGRAS i t1 Pl e
data stTeans, rern the
multiple data streams are received via a plurality of transport
4 -channels;
an error detection unit coupled to the processor, the error detection
6 unit operative to detect errors in the multiple data streams; and
a power control unit adapted to calculate quality thresholds for each of
8 a plurality of transport channels, wherein a first quality
threshold associated with a first transport channel is increased
10 on detection of an error in a first data stream transmitted via
the first transport channel, wherein the power control unit is

12 adapted to determine a power control instruction according to

the quality thresholds.

16.  The wireless apparatus of claim 15, wherein the power control unit is

2 adapted to decrease the first quality threshold if no error is detected.

17.  The wireless apparatus of claim 16, wherein quality threshold decrease

2  steps are a function of block error probability.

18.  The wireless apparatus of claim 16, wherein quality threshold increase

2 steps have a predetermined step size.

19.  The wireless apparatus of claim 15, wherein the quality threshold

2 corresponds to a signal-to-interference ratio.
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