WD 2004/ 054130 PCT/ US2003/ 038807 1 FAST CONVERG NG PONER CONTROL FOR

W RELESS COVMUNI CATI ON SYSTEMS [ 1001] This application clainms the benefit

of provi sworabs/dd430 Application Serial No. 60/431, 320, PEMUS203M3880AST
CONVERG NG QUTER LOOP PONER CONTROL," filed Decenber 6, 2002, assigned to

t he assignee of the present application, and incorporated herein by
reference in its entirety for all purposes. BACKGROUND Field [1002] The
present invention relates generally to ltonmunication, and nore specifically
to techniques for adjusting a signal quality (SIR) target used for power
control in wireless conmunication systens. Background [1003] In a Code
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transm ssion such that the recei veg SIR for this data transm ssion at the
termnal is maintained at a parti quality target, which may be
given as el gnal -to-interference ratio (SIR) target, an energy-per-bit-to-
total -noise ratio (Eb/Nt) target, or sone other neasurenent. SIR target is
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specifically to techniques for adjusting a signal quality (SIR) target used for power control

in wireless communication systems.

Background

[1003]  In a Code Division Multiple Access (CDMA) system, the total transmit power
available for a base station is typically indicative of the total downlink capacity for that
base station. This is because the base station may concurrently transmit data to multiple
terminals on the same operating band at any given moment. On the downlink, a portion of
the total transmit power may be allocated to each active terminal such that the aggregate
transmit power used by the base station for all active terminals is less than or equal to the
total transmit power.

[1004] To maximize downlink capacity, a power control mechanism is typically used
to minimize power consumption and interference while maintaining a specified level of
performance. This power control mechanism is typically implemented with two power
control loops - an “inner” power control loop (or simply, the inner loop) and an “outer”
power control loop (or simply, the outer loop). For a data transmission to a terminal, the
inner loop adjusts the transmit power for the data transmission such that the received SIR
for this data transmission at the terminal is maintained at a particular signal quality target,
which may be given as a signal-to-interference ratio (SIR) target, an energy-per-bit-to-

total-noise ratio (Eb/Nt) target, or some other measurement. SIR target is commonly used



2 in WCDVA, and Eb/Nt target is commonly used in |IS-95 and | S-2000. For
sinplicity, the term"SIR target"” generically refers to signal quality

target in the follow ng description. This SIR target i o94k&n referred
to as th&Q(YRPEht rol setpoint. The outer loop adj uslts(;slé}J%]%ea %I Rtarget so

as to maintain the specified | evel of performance, which may be quantified
by a particular target block error rate (BLER), frame error rate (FER),

packet error rate (PER), bit error raje (BER), or sonme other neasure. BLER
is commonly used in WCDVA, and FER is commonly used in 1S-95 and | S-2000.
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decoded in error. The ratio between the up step and down step is determined by the target
BLER (e.g., AUP =99-ADN for a target BLER of 1%). Since the initial value for the SIR
target is typically high (to ensure reliable communication) and since the down step is
small, it typically takes the outer loop a prolonged period of time to adjust the SIR target to
the final value needed to achieve the target BLER. During this period of time prior to
convergence of the outer loop, excessive transmit power is used and downlink capacity is
wasted. This problem is exacerbated if (1) the target BLER is a small value and the down
step is correspondingly small, (2) data is transmitted intermittently instead of continuously,
and/or (3) data is transmitted in bursts and the SIR target needs to be re-initialized for each
burst.

[1006]  There is therefore a need in the art for techniques to reduce the amount of time

needed to adjust the SIR target to the final value.

SUMMARY
[1007]  Techniques are provided herein to quickly adjust the SIR target toward the final
value needed to achieve a specified target BLER for a data transmission. These techniques

can provide faster rate of convergence for the SIR target even if data is transmitted
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Vari ous aspects and enbodi nents of the invention are described in further
be (1) decreased by a larger down step than that used for the tracking mode and (2)

increased by an up step that may be larger, the same, or possibly smaller than that used for
. the tracking mode. The up step may or may not be needed for the acquisition mode,
depending on the exit condition used to transition from the acquisition mode to the tracking
mode. Various schemes for adjusting the SIR target in the acquisition mode are described
below.
[1010] In yet another aspect, the SIR target is boosted by a particular amount upon
transitioning from the acquisition mode to the tracking mode. This boost may be used to
ameliorate the small region with higher BLER following the rapid descent of the SIR target
toward the final value. The expected amount of drop in the SIR target below the final
value caused by the rapid descent of the SIR target in the acquisition mode may first be
determined. The SIR target may then be boosted by this expected amount of drop (or a
larger amount) upon transitioning to the tracking mode.
[1011] Various aspects and embodiments of the invention are described in further

detail below.
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erased bhkgpleirversus frane for a burst transm ssion; [1019] FIG 6B shows a
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or desi ghrafgsit powebfaeloMinlinaatatxmeiission: i s not necessarily to be
construed as preferred or advantageous ogver other enbodi nents or _ designs.
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acquisition mode and an outer loop with the acquisition mode, respectively;

[1017]  FIG. S shows the performance of an outer loop for a burst data transmission

with and without a boost in the SIR target upon transitioning to the tracking mode;

[1018]  FIG. 6A shows a plot for SIR target versus frame and a plot for probability

P(E | n) of receiving an erased block versus frame for a burst transmission;
[1019]  FIG. 6B shows a plot for the probability P(X =n) of receiving a first erased

block versus frame; and

[1020] FIG. 7 shows a block diagram of a base station and a terminal.

DETAILED DESCRIPTION

[1021]  The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[1022]  FIG. 1 shows an exemplary wireless communication system 100 with a number
of base stations 110, each of which provides communication coverage for a respective
geographic area. A base station is a fixed station and may also be referred to as a base
transceiver subsystem (BTS), an access point, a Node B, or some other terminology.
Various terminals 120 are typically dispersed throughout the system. A terminal may be
fixed or mobile and may also be referred to as a remote station, a mobile station, an access

terminal, a user equipment (UE), a wireless communication device, or some other



Various termnals 120 are typically dispersed throughout the system A

termnal may be fixed or nobile and may al so be referred to as a renote
station, a nobile station, an access termnal, a user equipnent (UE), a
Wi rel ess _communi cat i on devi ce, or some other WD 2004/ 058d3Ps2003/0
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base stations on the uplink (i.e., reverse |ink) at any given nonment. For

sinplicity, only two base stations andssix termnals are shown in FIG 1.
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ot her [ 1024] System 100 may be a CDVA systemthat may
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standards such as GSM. These standards are well known in the art. For clarity, various

aspects and embodiments are described below with reference to W-CDMA. However, the
concepts described herein may be applicable to other CDMA systems and other types of
wireless communication systems.

[1025] In W-CDMA, data to be transmitted to a particular terminal is processed as one
or more “transport” channels at a higher signaling layer. A transport channel may be
viewed as a data/message bearer. The transport channels commonly used for data
transmission include a dedicated traffic channel (DTCH) and a dedicated control channel
(DCCH). Each transport channel may be associated with one or more transport formats,
each of which defines various processing parameters such as (1) the transmission time
interval (TTI) over which the transport format applies, (2) the size of each transport block
of data, (3) the number of transport blocks within each TTI, (4) the coding scheme to be
used for the TTI, and so on. A TTI may span one, two, four, or eight 10-msec time
periods. Each transport channel may further be associated with a respective SIR target that
is dependent on (1) the target BLER specified for that transport channel, (2) the transport
format used for the transport channel for the current TTI, and (3) possibly other factors.
This flexibility allows different transport channels to achieve different quality of service

(QoS). In W-CDMA, the transport channels used for data transmission are multiplexed



used for the TTlI, and so on. A TTlI may span one, two, four, or eight 10-nsec
time periods. Each transport channel may further be associated with a
respective SIR target that is dependent on (1) the target

cified
for that WY channel, (2) the transport fornat useéu%m3a@%transport
channel for the current TTl, and (3) possibly other factors. This

flexibility allows different transport channels to achieve different quality
of service (QS). In WCDWVA, the tranéport channel s used for data
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mechani sm 200 i ncludes an inner | oop 210 that %%erat es in cong unction with
an out er quasisieddy block error rate (BLER), frame error rate (FER), packet error ra (PER), bit

error rate (BER), and so on.

[1028]  The techniques for adjusting the SIR target described herein may be used for
the downlink (i.e., forward link) as well as the uplink (i.e., reverse link). For clarity, these
techniques are specifically described below for the downlink.

{1029]  FIG. 2 shows a power control mechanism 200 that may be used to control the
transmit power of a downlink data transmission sent on a physical channel to a terminal.
Power control mechanism 200 includes an inner loop 210 that operates in conjunction with
an outer loop 220.

[1030]  Inner loop 210 is a relatively fast loop that attempts to maintain the received
SIR for the data transmission as close as possible to the SIR target. The inner loop
operations typically include (1) determining the received SIR for the data transmission at
the terminal (block 212), (2) comparing the received SIR against the SIR target (block
214), and (3) sending power control (PC) information back to the transmitting base station.
The received SIR is typically determined based on pilot symbols included in the data
transmission. The PC information may be in the form of PC commands or bits, each of
which may be either an “UP” command to request an increase in transmit power or a

“DOWN?” command to request a decrease in transmit power. The base station may adjust



[ 1030] Inner loop 210 is a relatively fast loop that attenpts to nmaintain
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channel s. [1033] The outer |oop operations tyﬁlcally i nclude (1) processing

t he recefhfdarsgaBRER panshangs idependggrancibe ehannebiypas andeehagnelcondisions , Fer2)
det er ni nij t,af; ' | ock. (bl ock, 22 bei
docoded  SOmBIErtos adkiven Hrpf BT ERTARIGE s ShBeR REY, o6 &eBicY £ Sy HeiPEck 224

based onslohefadiagpartdl AidiivetvaliitesGAuasian POISS{AWGNY dagnapé.t h ot her i nf or mati on) .

If a data bl ock is decoded correctly (i.e.,, a good data block), then the
recei ved [HI3R] at Theeoyter lpapapparatiqns kipigalbyoinglnda (g h@rocepsing itheceessived datad t he

SIR tar 9gh, di¥%i8ifto recover transmitted data blocks, (2) determining the status of each received
data block (block 222) as being decoded correctly or in error, and (3) adjusting the SIR
target (block 224) based on the data block status (and possibly along with other
information). If a data block is decoded correctly (i.e., a good data block), then the
received SIR at the terminal is likely to be higher than necessary and the SIR target may be
reduced. Conversely, if a data block is decoded in error (i.e., an erased data block), then
the received SIR at the terminal is likely to be lower than necessary and the SIR target may
be increased.

[1034] If the data transmission is sent on multiple transport channels that are carried on
a single physical channel, then the outer loop may be operated to provide a final SIR target
for power control of the physical channel. This final SIR target may be obtained in various
manners. In one method, an SIR target is maintained for each transport channel and
adjusted based on data blocks received for that transport channel to achieve the target
BLER specified for the transport channel. The final SIR target for the physical channel is
then determined based on the SIR targets for the transport channels. For example, the final
SIR target may be set equal to the highest SIR target for all transport channels, which
would then ensure that the target BLER or better will be achieved for all transport



reduced. Conversely, if a data block is decoded in error (i.e., an erased
data block), then the received SIR at the termnal is likely to be | ower

t han necews2004/05n80 t he SIR target may be increased. [1RGHPSIP3RRETdat a
transm ssion is sent on nmultiple transport channels that are carried on a
si ngl e physical channel, then the outer | oop nay be operated to provide a
final SIR target for power control of jthe physical channel. This final SIR
target may be obtained in various manfilers. In one nethod, an SIR target is
mai nt ai ned for each transport channel and adjusted based on data bl ocks
recei ved chamnelshathe innes Joer medyathea|ber epaselpd 40 cdjusk thea frgrsmit pomRr Spredief i ed

for the tran t channel . ..T \ rget for the physical channel is
t hen det 8&%1%2@%5@&10@@13{Hg%a&b@#a@%t?r%\gtr the transport channels. For
exanpl e, [1038] f i T@dnvetibhallg] GetoutiYoditis Dptragduala ttRkingembdONRSEL DI SR get
for all transport channels, which would then ensure that the target BLER or
better witdrgetys (At He@oesgd fhor a smalk dewis pisp tif wordodate Hiackois pregyivsb enB (238807

8 channel. i p e t [;us transmt power
For the. reare oy Ehkendp sEE Nt b aresph SR BEHEL ey hobiifab RRIBME,
Convent i gfaadpoyt, chafitel dtuged f@rodath SraprikddEthe Motnt $t@F khd 8ip ERpeussbicfoe e t he
SIR target is (1) decreased by a small down_step if a good data block is
recei ved tapligng modeiape bypicpdly dependentonythe iprest BRER: and theinestaiogship niyodesk i s
recei ved.ex@%&g{idﬁgg that one transport channel is used for data

transm ssion, € down step and up step used for the tracking node are
typically dependent on the target BLER, and their relationship may be
expressed as: 1- BLERt, f gEt(AUBygigk =YADN~~k . BLEB Eq (1) target where
AUPtrack is thdJRyp, stEINf gr| +he—SHE  ar,get in the tracki ngBuyde; ADNt rack
is the down step for the Sl B&E&e&eti the tracki ng node; and BLERtarget is
the target BLER for the data transm ssion bei ng power controlled. For
exanple, for a target BLER of 1% the up step is 99 tines the size of the
down st epvhers AWRg, isthempstapfopthe SIR targetdn theHeackimgrmedesp i s approxi matel y
0.005 dB. [1036] As noted above, the initial value for the SIR target is

of ten sel ect ed\PWkels Hagydpwn step for the SIR target in the tracking mode; and

BLER is the target BLER for the data transmission being power controlled.

target

For example, for a target BLER of 1%, the up step is 99 times the size of the down step. If
the up step is 0.5 dB, then the down step is approximately 0.005 dB.

[1036]  As noted above, the initial value for the SIR target is often selected to be high
enough to ensure reliable communication in the worst-case scenario. With a small down
step, it normally takes a prolonged period of time for the outer loop to adjust the SIR target
to the final value needed to achieve the target BLER. During this period of time, excessive
transmit power is used and downlink capacity is wasted.

[1037] In an aspect, the outer loop may be implemented with multiple modes. Each
mode may be defined to have certain beneficial characteristics for certain operating

conditions. Table 1 lists some of the modes that may be used for the outer loop.
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three modes, \&ch only the acquisition and tracking modes, and so on.

[1038]  FIG. 3 shows an exemplary state diagram for an outer loop 300 with the three

modes listed in Table 1. Initially, at the start of a communication session, the outer loop

transitions to the hold mode 310.

[1039] In the hold mode, the initial value for the SIR ta:get is determined and provided

to the inner loop. This initial value may be a preselected value (e.g., a value determined by

the system) or a dynamic value that is determined based on various considerations, as

described below. In an embodiment, the SIR target is maintained fixed (i.e., not adjusted)

while the outer loop is in the hold mode. This prevents undesired large changes to the SIR

target due to block errors encountered for any reason other than an inadequate received

SIR (e.g., an unstable system at the start of a call, a deep fade, and so on). The outer loop

then transitions from the hold mode to the acquisition mode 320 upon meeting a hold exit

condition, which in an embodiment is the expiration of T, , seconds, where T, , may be

any value and may be dependent on the system.

[1040] In the acquisition mode, the SIR target is allowed to be adjusted in large down

steps to speed up convergence to the final value. Various schemes may be used to adjust

the SIR target in the acquisition mode, some of which are described below. The outer loop

transitions from the acquisition mode to the tracking mode 330 upon meeting

an
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1. Hold Mode

[1043]  The hold mode may be used to prevent large changes to the SIR target due to
“abnormal” block errors that may be encountered at the start of a communication session.
Abnormal block errors are those due to any reason other than an inadequate received SIR.
If the SIR target is driven higher by these abnormal block errors, then it would take even
longer to move the SIR target to the final value. Convergence of the outer loop would then
be further prolonged. To prevent this, in the hold mode, the SIR target may be maintained
fix or may be adjusted by a smaller up step than that used for the tracking mode. The

duration of the hold mode (which is T, seconds) may be selected to be as short as

possible but still cover the time period when abnormal block errors are likely to occur.

2. Initial Value for Target SIR

[1044]  The initial value for the SIR target may be a fixed value that may be configured
at the terminal, provided by the system via overhead messages, or obtained in some other
manner. The fixed value may be selected to ensure that the target BLER can be achieved

even under the expected worst-case channel conditions.



duration of the hold node (which is Thold seconds) may be selected to be as
short as possible but still cover the tine period when abnornmal bl ock
errors ameOReMOF4130 0 occur. 2. Initial Value for Target PEI/RSIHEIIPPOTTHe
initial value for the SIR target nmay be a fixed value that may be confi gured
at the termnal, provided by the systemvia overhead nessages, or obtained

I n some other nmanner. The fixed val ue 1rray be selected to ensure that the
target BLER can be achieved even undet! t he expect ed wor st-case channel

condi tions. WO 2004/ 054130 PCT/ US2003/ 038807 11 [1045] The initial value
for the HI045] ar gEre mmitialavalae Her shedgHuringet, Mayealsode p dyngmice vplugeabiised on

vari ous raneterns for the data transm ssiqn. .ln general, the Sl | ue
r equi red%%Sm&@ﬁ&&%egorﬂ)é/la??%su?a&?m?tggg{é‘f %%_E%aitgan 81r?HEn{n i ’r&lg actors
such as vhher deb aciied 4 paticulah@rg¥BBNER is depdtideht stavaidus fhdtamsuet ded, and
the requirements for the data transm ssion, and so on. Sonme exanpl es of

par anet eitke ehranelneppdiion, edmanner érewaiaki ¢ata isngansalitigdslang she eequemenfs g R

target inclyde (1) the target BLER far_ the,dat transm,ssi on 2 e sl ot
f or mat uglied%l% rt{’ﬁs%‘?}ﬂﬁ t pgéoao&.aso%)e:&aﬁlglegoﬁpar atrsé]éstn}hr?gtW@feRé uéeacig)
synbol s @efriineothe SHHAP alue Fol tHeAJIR firget TALIGHE (D) mertaget ®LER [fdi0de] dalre
initial value may be sel ected based on the target BLER specified for the

dat a t r aeensission. (2 theoplet farmetused BpERanfsmittagl data, dglitheepoweer Hiffsebetwpen
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slot, the spreading factor to wuse for the data synbols, and so on. The

spr eadi nd104Wt or The ifithhvalde tntaydalb@ be adelecRdcdtontaRe antol cgenti thpatdt fofmathe
required SIR The slot format for WCDVA is described in_detail in 3GPP TS
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dedi cat edophdtdhdisatedthe unbewast data symbols, the numbers of dedicated pilot symbols, the
numbers of power control bits to be transmitted in a 1.67 msec slot, the spreading factor to
use for the data symbols, and so on. The spreading factor is related to data rate and has a
large impact on the required SIR. The slot format for W-CDMA is described in detail in
3GPP TS 25.211.
[1048] The initial value may also be selected to take into account power offsets
between different types of symbols. The received SIR is often estimated based on pilot
symbols instead of data symbols. For W-CDMA, the dedicated pilot symbols, power
control bits, and transport format combination indicator (TFCI) may be transmitted at
different power levels relative to the power level of the data symbols. The offsets between
these power levels, relative to the data power level, are configured by the system and
provided to the terminal. If there is a difference between the transmit power used for the
pilot symbols and the transmit power used for the data symbols, then the initial value may
be set accordingly to account for this difference.
[1049] In general, a properly selected initial value for the SIR target can improve
convergence speed for the outer loop, since the SIR target would need to be adjusted by a

smaller amount to reach the final value. The fixed or dynamic value may thus be selected
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t he down step ADNacq is set equal to the up step AUPacq

A. Large Down Step for Good Blocks

[1052]  In a first adjustment scheme, the SIR target is decreased by a large down step
ADN,, for each good data block and increased by a large up step AUP,, for each erased

data block. The down step ADN_  is selected to be larger than the down step ADN .,

used for the tracking mode (i.e., ADN,, >ADN,,, ). The up step AUP,,, may be larger

acq

than, equal to, or possibly smaller than the up step AUP,,, used for the tracking mode.
[1053]  In one embodiment, the down step ADN,, is set equal to the up step AUP,,

(ie., ADN, =AUP, ). In another embodiment, the down step ADN,; and the up step

acq

AUP, _ for the acquisition mode are both set equal to the up step AUP,, used for the

acq

tracking mode (i.e., ADN,, =AUP,, =AUP,, ).

acq

B. Large Down Step for BLER Measurements

[1054] In a second adjustment scheme, the SIR target is decreased by a large down

step ADN,, based on BLER measurements instead of for individual data blocks. The

BLER may be measured by counting the number of erased blocks received within a

particular time duration (e.g., Ty g seconds) or within a particular number of received



(i.e., ADNacqg = AUPacq ). In another enbodinent, the down step ADNacq and
the up step AUPacq for the acquisition node are both set equal to the up
step AUPtrack used for the tracking node (i.e., ADNacQes ~=nAUPt r ack
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schenme, the SIR target is decreased by a | arge down step ADNacq based on
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to be larger than the down step used for the tracking node, i.e., ADNacq,I
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is used fo st ages
steps for stage i may be respectively denoted as ADN_;, and AUP,;, for i=1, .. S,

acq,i
where S is the number of stages. A successively smaller down step may be used for each

subsequent stage such that ADN, ., >...ADN_ . >...ADN

acq,i acq,S *

The down steps used by all

stages may be selected to be larger than the down step used for the tracking mode, i.e.,

ADN_ ,>ADN,,,for i=1, ... S. The same or different up steps may be used for the S

acq,{
stages. Moreover, the up step for each stage may be larger than, equal to, or possibly
smaller than the up step used for the tracking mode.

[1057] In one embodiment, successively smaller down steps are used for the S stages

(ie., ADN, ,>..ADN_  >..ADN_ ), and the same up step is used for all stages (i.e.,

acq,

= AUP,

acqg,i

AUP for i=1, ... S). The outer loop transitions from stage i to stage i+1

acq,i track ?

upon receiving Ny, ; block errors, where Ny, , may be any integer one or greater. The

outer loop would transition from the last stage of the acquisition mode to the tracking

mode upon receiving N, ¢ block errors while in the last stage.

4. Target SIR Adjustment Schemes for Multiple Transport Channels

[1058] The outer loop may be designed to support multiple transport channels carried

on one physical channel. In one embodiment, one SIR target is maintained for each



AUPacq,i = AUPtrack , for i =1, ... S). The outer loop transitions from
stage i to stage i + 1 wupon receiving NSerr,i block errors, where NSerr,i
may be aw 2004/@e30 one or greater. The outer |oop woulRCT/U$2063/a38%M from t he
| ast stage of the acquisition node to the tracking npde upon receivVving
Nserr,S block errors while in the |last stage. 4. Target SIR Adjustnent
Schenes for Miultiple Transport Channels [1058] The outer | oop may be
designed to support multiple transport14channel s carried on one physi cal
channel . I n one enbodi nent, one SIR target is maintained for each WO

2004/ 05413BpetThassebas) maB e adjusted tasadsoany ofthendjustmuit sehentee dastiribsd ed
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channel s are carried on one physical channel. Sone of these schenes are
descri belplow] ariops sahpimps mey ts hglusatiogdetersiine the §H2)] SBotar gethen exhltiple

efficie he rget BLERs.and transport formats for all transport
channel 2& %:lﬁaspérit ecggﬁ%eg%ﬁrf EWE% Bh9Rg @ﬁi"&éﬂaﬂﬁg?qur SO p‘?fiﬁﬁef*ey Sgwgtaéﬂ such

t hat t héesetibddsebsige between their SIR targets is not too large. During
normal operation in the tracking node, the final SIR target is often

sel ected such that_the target BLER or better is achieved for each of the
transport channé-sL sical channel. This can be achieved by

sel ectin highest SIR target for all transport channels as the final SIR
target . ﬁ?gg]g] 'Fg?é PLovse ?Iﬁél%ﬁ?bh@@t taggat égﬁg‘éta‘\doﬁaf”rp@ﬂf formatssfoy alhr get
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The SI R ihi&38d f608achmf the transport channels carried by the physical channel. This can be
achieved by selecting the highest SIR target for all transport channels as the final SIR
target.
[1060]  The use of the highest SIR target for the final SIR target may be sub-optimal in
the acquisition mode for several reasons. First, if a transport channel is transmitted
intermittently, then its SIR target will likely be high and the final SIR target will likely be
set to the SIR target of this transport channel. At the start of the acquisition mode, the SIR
targets for all transport channels may be set to the initial values. The SIR target for an
active transport channel would be adjusted lower quickly based on a larger number of data
blocks received for this transport channel, whereas the SIR target for an intermittently
transmitted transport channel may not be adjusted much from the initial value. Second, if
more than an expected number of block errors occur for any one transport channel (e.g.,
due to an unstable network, a deep fade, and so on), then the SIR target for this transport
channel would be adjusted high and would dominate the final SIR target.
[1061] In a fourth adjustment scheme, the SIR target for each of the transport channels
carried by the same physical channel may be individually adjusted using a large down step

in accordance with any one of the adjustment schemes described above,



active transport channel would be adjusted | ower quickly based on a |arger
nunber of data bl ocks received for this transport channel, whereas the SIR
target favoanudiostier mittently transmtted transport chaPGEDSHAYO0(M be
adjusted much fromthe initial value. Second, if nore than an expected
nunber of block errors occur for any one transport channel (e.g., due to an
unst abl e network, a deep fade, and so on), then the SIR target for this
transport channel woul d be adj usted hh and woul d dominate the final SIR
target. [1061] In a fourth adjustnment schene, the SIR target for each of the
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SIR target may be achieved in various manners, sone of which are descrl bed
bel ow. [ albé@hspomt ehannels camied dxyi the physicdl ehfmned| The Rinah SR ttariget mayrtheadeby t he
| owest Sl%t a(hcl;sﬁt of all transport channels carried by the physical

channel &e SIR target may then be selected as: SIR target fi,,,, =
mn (mn (SIR targetk) +SI Rof fset , max (SIR targetk)) , Eq (2) where SIR
target, is t argst ans ang of fset is
the SIR offgig{t(:a ugéegﬁ“’toﬁﬁl(gtﬁ?(%%g fg 51]18%&?5‘%21?%%%@%%%%%9% St g%ﬁdl nent
selects the highest SIR target for all of the transport channel s as the

final SIRtar t.im it t west SILR t ef plus the SIR

of f set. %ﬁ%rt?fﬁ‘ I%B’(?rggﬁlt%rﬁet @ﬁ&‘ &'@Q@Pf@&cq agn efy ally not a |large
val ue because e SIR t S for S channel s are nornally
selected to b Pl fsap%gigxﬁﬁt%e tf’ﬁ’in&lf@’ﬁ?&ap?% ?I n a second enbodi nment,
the final SIRtarget is limted by the average SIR target of nmultiple

t r anspor {The Higstresptwdinaent iselgcth yhet lighgsh $BR émgetcfhraaih ef theTrenspomh ghangelR as @heget
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be obt ai paeafien, the)SIRherTset i Eﬁﬁc&ﬁz&lcﬁ ] 1a?gel valhé BBEAURE the SMRANGISs foPkhed! | SI R
targets except for the highest SIR targ (c) sone ot her conbl nati on of

SI R t ar gétansportrhagealoarg nenfbaiw mtedatobosmelle@mxmme plifigieesy. SIR target for
[1063] In a second embodiment, the final SIR target is limited by the average SIR

target of multiple transport channels carried by the physical channel. The final SIR target

may then be selected as:

SIR target,, , = min (avg (SIR target,) + SIR ., max (SIR target,)) . Eq(3)
k

In equation (3), an average SIR target may be obtained for (a) the SIR targets for all
transport channels, (b) all SIR targets except for the highest SIR target, or (c) some other
combination of SIR targets. The second embodiment also selects the highest SIR target for
all transport channels as the final SIR target, but limits it to the average SIR target plus the
SIR offset.

[1064] For both embodiments, the SIR offset may be a fixed value or a dynamic value.
The dynamic value may be determined based on pertinent parameters, similar to that
described above for the initial value for the SIR target.

[1065] Other mechanisms for limiting the final SIR target may also be implemented,
and this is within the scope of the invention. The limiting of the final SIR target may be

applied just for the acquisition mode, or for both the acquisition and tracking modes.



all transport channels as the final SIRtarget, but limts it to the average
SIR target plus the SIR offset. [1064] For both enbodi nents, the SIR of fset
may be aW0 08¢054a3ue or a dynami c val ue. The dynam c VROTES2483/038807

determ ned based on pertinent paraneters, simlar to that described above
for the initial value for the SIR target. [1065] Oher nechani sns for
limting the final SIR target nay al sg be inplenented, and this is within
the scope of the invention. The Ii mtllﬁg of the final SIR target may be
applied just for the acqw sition node, or for both the acqui sition and
tracki ng nodes. BAGdingleADverall N1RPE et Soncdl Trasport QiarmelSi nel e Overal | SIR
Target for Al Trans ort Channel s [ 1066] In a fifth adJ ustment schene, a
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channel s I t a r and
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target. chengelp\wadahd triispost ahgﬁlblsrmyltrbﬁte&djtwitﬁdstirﬁnt\/wthﬁltﬁ/ef@lrﬁmrt&geﬁOTTE of
whi ch are descrjibed below [1067] In a first enbodi ment, for each "active"
frame i nlimpreralhSIR darget BAR beadinstsd de Kariqus manmsrsy seme o trhich pgrsprsibed

channel Sy, VQe overall SIR target is adjusted by a |arge dowmm step ADNacq if
a good da?a bl ock is received for any one of the transport channels. The

out er | ofe6Wpul dn tarfastséthbsttiment, fdreath Sakivervframe én whidN. athiba€ bnedstabiockr e
encountered for. any transport channel For _exanple, if Neff =1, then for

each act Isvi&cqiyggan fhxfetrwa%chars}eh theapygaall SR aaerg@slﬁ adiustsirvas demBs JoWE | ar ge
t f d t
Toop woults BN o' BORE S DIdeRIE kel chg&fé@%@f;gﬁ%ﬁ"@%ﬁﬁrﬂsak B
received for,any tr
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channel n a secon active rarre e overall

SI R t ar getnspert chapnedt tle oytelr ieop wogld tdmwtioﬁ tcemeAEHNamg mode/ifian egaved dataocks
are received for all transport channels or all active channels. The overall
SI R t ar gblockdy reseivedifar any &ansport: ¢hangeddf N, >1, then for each active frame the

overall SIR target may be adjusted downward by the large step if a good block is received
for any transport channel, even if an erased block is received for another transport channel.

The outer loop would transition to the tracking mode if N,  erased data blocks are

received for any transport channel.
[1068] In a second embodiment, for each active frame, the overall SIR target is

adjusted by the large down step ADN, . only if good blocks are received for all transport

channels or all active channels. The overall SIR target may be maintained at the same

value or adjusted by a smaller down step if an erased data block is received for any one of

the transport channels. Again, the outer loop may transition to the tracking mode if N,

erased blocks are received for any transport channel.

[1069] Upon transitioning from the acquisition mode to the tracking mode, one SIR
target may be maintained for each transport channel and may be initialized to the sum of
(1) the last value for the overall SIR target at the time the outer loop exits from the
acquisition mode and (2) an SIR offset. This SIR offset is typically not a large value for
the reason noted above, and may even be set equal to zero. The SIR target for each

transport channel may then be individually adjusted in the tracking mode.



val ue or adjusted by a smaller down step if an erased data bl ock is received
for any one of the transport channels. Again, the outer |loop may transition
to the tracking node if Nerr erased blocks are received for any transport
channel . on transitioning fromthe acquisitio Lnipgsez tracki ng
node, ong[(é%a%%‘g get may be maintained for each transpﬁport cﬁgjr?\ong%wand may
be initialized to the sumof (1) the last value for the overall SIR target
at the time the outer loop exits fromthe acquisition node and (2) an SIR
offset. This SIR offset is typically ngt a |arge value for the reason noted
above, and may even be set equal to zero The SIR target for each transport
channel may the Lvi dy .9 node. WO
20041054130 PU%M@%E ansport g ed on Active
Transpor g nn t ar get
S deterﬁnozg]g bg}éécf%frlzlgyju Sﬁ&n@ﬁa{eéje tlfegﬁrﬂﬁtsﬁ@#: ﬁgﬁg}% gP .nggr%%\engc}nlﬂ) at are

active. fhecSIRrtangsioof trandpartdlafnelathat &d abuvd NEhe @iMepoOnrt @halﬁi&BrUaﬁiedthe
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SI R t ar grhnsponcharingB thattdre ectiviead?s psudito deteamineltise ﬁffdﬂesrthmbt ST fisul @ER may
further be limted by an SIR offset, as descrl bed above. [1071] For W CDVA,
t he DTCHeASRY My sefestads SorsFromple Rathehighest ST tirgepamens thﬁa@ﬁgm aRSPELs j ¢
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e use data transm ssion Icity, the
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t tted aoft . g. | t he, DCCH may. b
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mapped to and carried by one physical channel T, a
TFCl may déseripeort assnmehmap lopkyi o DAXEh iseisedn CheddBCHomay rbdltmasmltwﬁafwar or

t th t |t the TFC. i pdicat
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intermttently, there nmay be sone franes
of different lengths, are mapped to and carried by one physical channel.

[1072] For each DCCH TT], a TFCI may be sent on the physical channel and used to
indicate whether or not the DCCH is sent in that DCCH TTI. If the TFCI indicates that the
DCCH is not transmitted in the DCCH TTI, then the outer loop may omit the DCCH from

consideration.

[1073] Since the DCCH may be transmitted intermittently, there may be some frames
in which it is not known whether or not the DCCH will be sent in the TTL. In a first
embodiment, the DCCH is assumed to be transmitted, and a more conservative SIR target
is used to avoid receiving the DCCH in error. Once it is ascertained that the DCCH is not
transmitted in a DCCH TTI (after the TFCI has been received and processed), the DCCH
may be removed from consideration by the outer loop until the next DCCH TTI. During
this period of time, the final SIR target may be driven solely by the DTCH. In a second
embodiment, the DCCH is assumed to be inactive, and the final SIR target may be driven
solely by the DTCH. Once it is ascertained that the DCCH is transmitted in the DCCH
TTI (after the TFCI has been received and processed), the DCCH may be considered by
the outer loop until the next DCCH TTI. The first embodiment may provide better
performance if the activity rate on the DCCH is high and/or correct detection of the DCCH



in which it is not known whether or not the DCCH will be sent in the TTI. In
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and this SIR tardet nmay be adjusted by all transport channels whenever data
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acquisition and tracking nodes. D. Contribution to Final Target SIR [1076]

I n a sevkmnidjudel bisthesamne dowestep ADN for bath the acgnésitdd arfel tRackanggeedess decr eased
by a large down step only if a specified nunber of transport channels

(e.qg., all tranﬁgot ha{nnel . r,ie actixe. E. Quter Loop for Miltiple
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processi
large down step only if a specified number of transport channels (e.g., all transport

channels) are active.

E. Outer Loop for Multiple Transport Formats

[10771 In W-CDMA, each transport channel may be associated with one or more
transport formats. Each transport format defines various processing parameters such as the
TTI, the size of the transport block, the number of transport blocks within each TTI, the
coding scheme to use for the TTI, and so on. Each transport format may be associated
with a different code block length, which may in tumn require a different SIR target to
achieve the target BLER. (For W-CDMA, the code block length is determined by the
transport block size, which is specified by the transport format.)

[1078] W-CDMA currently permits one target BLER to be specified for each transport
channel, regardless of the number of transport formats selected for use for the transport
channel. In this case, the outer loop may be operated to maintain an SIR target for each
transport format of each transport channel. The SIR target for each transport channel may
then be determined based on the SIR targets for all transport formats of that transport
channel. The SIR target for the physical channel may then be determined based on the SIR

targets for all transport channels, as described above. Maintenance of separate SIR targets



TTl, the size of the transport block, the nunber of transport blocks within
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acquisition mode.

5. Outer Loop Design Performance

[1081) FIG. 4A shows the performance of a conventional outer loop without an
acquisition mode for an exemplary data transmission on a physical channel. For this
example, the up step for an erased data block is AUP =0.5dB, the down step for a good
data block is ADN = 0.005dB, and the target BLER is 1%. If no data blocks are received,
then the SIR target is not changed.

[1082] The physical channel may carry multiple transport channels, one or more of
which may be intermittently transmitted as described above. If the outer loop considers all
transport channels, then the final SIR target is likely to be determined by the SIR target of
the intermittently transmitted transport channel. A prolonged period of inactivity on this
transport channel (e.g., between 37 and 68 seconds in FIG. 4A) results in the final SIR
target being far from the final value even after a long period of time has elapsed.

[1083] FIG. 4B shows the performance of an exemplary outer loop with the
acquisition mode for the same exemplary data transmission used for FIG. 4A. Initially, the
outer loop operates in the hold mode and the SIR target is fixed to prevent the outer loop

from transitioning to the acquisition mode and then switching to the tracking mode (e.g.,



acqui sition node for an exenplary data transm ssion on a physical channel.
For this exanple, the up step for an erased data block is SUP = 0.5 dB, the
down step for a good data block is ADN = 0.005 dB, and the target Bl ER is
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acqui si t 1Y$%oddndhe2eauestiguedsiadares §OVR stepoh MPNg, mftiedB ds gsed tqarjust

2004/ 054130_PCT/ USZ%%SISSI%(%O? 20 becaHse of , erased data bl ocks due to an
unst abl e%}éeyglg‘\eﬁ?{%ﬁ- tlhe SR Jrxgel,quigkly geachesythg £imgl yalye becayse) of thedange depiner ¢ he
expirati 0 d t Shit d t LSition
o, 1 108R] 1 RURpls EEEAR EharR oftftied (he prASRAS rRReL e IR SIRSAC | 5

i s used tmyas adjusted heinSlaRy tofithype scheihbe dSicRbed abmte. qUpoik rgceivédy bieserabel f i nal
val ue becau f the |arge.do step. | lti ple transport channels are
carried tﬁlﬁtaﬁﬁ%cqbﬂ%@fféfzolgﬁ%?fh r,th’tsrf’éﬁm?}ﬁg LE%JRuQegllwtraw N5 0 Lh6 usi ng
any of theg@chenmes described above. Upon receiving one erased data block
(the exit condition for this exanple), the outer loop transitions to the
tracki ng [1085de. In1tB8Sjacking trhaslet theoduiterdooppdiereasérethe IR tatgebpy desoraiakes t he
SIR target by a small down t of ADN track = 0.5 (BLER) /(1- BLER) dB
For. cach 5808 AN aubr 65k (BHER) REr BLEES dBrT cahreqod-ipia bingk dod greases ot
AUPtrack = 0.5 dB for each erased data bhlock. |f multiple. transport

channel s SARagst Py B StsReClp N aaT Ocrilh Aen eachnerasedndate legk. | Homukiple

i nt ai te SIR t t f t t, ch | . The final SIR
ar got migniRPrLBLe A ASats b AnE PSR R R En by OURE 6P 48 FEHH AR nne! <

(e. 9., thepdthidRER targbtRol BAcdGtankfort Bannél” AMRARNG] SIR target may be selected based
on the SIR targets for the transport channels (e.g., the highest SIR target for all transport
channels). If an erased data block is received for any transport channel, then the SIR target

for that transport channel is set to the final SIR target plus the up step.

6. Restarting Acquisition Mode

[1086] The outer loop may be operated to transition from the tracking mode to the
acquisition mode upon occurrence of certain events. In one embodiment, the outer loop

transitions to the acquisition mode after a specified period (T, seconds) of inactivity

while in the tracking mode. The channel conditions may have changed noticeably during
this period of time, and improved performance may be achieved for the outer loop by
returning to the acquisition mode after this period of inactivity. If multiple transport
channels are carried by one physical channel, then the transition to the acquisition mode

may occur if (1) any one of the transport channels is detected to be inactive for T,

seconds, or (2) all transport channels are inactive for this period of time. The outer loop
may also be operated to transition back to the acquisition mode if some other conditions
are met such as, for example, (1) if the average BLER for the past Tsec1 is not updated in

the last Tsecz, (2) if the current SIR target is outside the normal range of values for the SIR



channels). If an erased data block is received for any transport channel,
then the SIR target for that transport channel is set to the final SIR
target plus the up step. 6. Restarting Acquisition Mde 1086%‘ The outer

| oop nay WEB200$/65443%d to transition fromthe tracking 1303138807

acqui sition node upon occurrence of certain events. In one enbodi nent, the
outer loop transitions to the acquisition node after a specified period
(T,.,01 seconds) of inactivity while 0 t he tracki ng node. The channel
conditions may have changed noticeablyédurl ng this period of time, and
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7. Target SIR Boost

[1088]  The acquisition mode allows the outer loop to quickly adjust the SIR target
toward the final value needed to achieve the target BLER. The condition used to detect

such event may be the occurrence of N, block errors, where N, may be any integer

(e.g., N, =1). When the target BLER is relatively low (e.g., 5% or lower), which is

typically the case, it can be shown that the SIR target is (on average) adjusted much lower

than the final value before N__ block errors are encountered. After that, some additional

block errors are needed to cause the SIR target to be adjusted higher toward the final value.

The N, block errors needed to cause the outer loop to transition out of the acquisition

mode plus the additional block errors needed to adjust the SIR target back toward the final
value (which may be viewed as “induced” block errors) are encountered each time the
outer loop is operated in the acquisition mode.

[1089] If the data transmission is bursty and the outer loop is restarted in the
acquisition mode for each burst transmission (which may be the case for the F-SCH in IS-

2000), then the N plus additional block errors introduce a floor in the BLER for the burst



t hroughput because a high block error rate woul d be encountered at the

begi nni ngyvohodshss1zbur st transm ssion). 7. Target SI R BopST/UB088i880The

acqui sition node allows the outer |oop to quickly adjust the SIR target
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FIG 5 shoe upos rpeifing wae ddodkf ereor @¥SMN] a*)). OThe exdroplpryf BirstafargKessnar y
burst data transm ssion. For this exenpl ary outer loop, the SIR target is
set to amndlwdes bdidataddake and hasiatackss BAEReofdo.down step of ADNacq =0.34 dB is

sed for t on node, a of. ADNtr a 0.0174 dB,and an
3p step (gi&ﬁb q% {06 wias pRsformed %re%jn?lasgrt (Pfjems‘f"’i‘?fé Wate“mﬁﬁﬂssf% out er
| oop traRskt LoNSWENRhADIR]. 2t okl lua&tmgnﬁs@mhh% sm:lﬂng& aftP BE HRO QR

receiving one bl ock error (i.e., Ner 1). The’ exenpl ary burst transm ssion
i ncl udes detenmcé ab bwl@t:ahbchassreaewad ﬁpafttheBbEEt tmnsﬁ%sm[mODhﬁ] SIBi targess arwh was

perforne nunber nces .of the burst t 0 ver an AVGN
Channe! - gits Al SRUFSH PURE FRGERaHOnS fie PR et AR Al ed BRI o Th
average SIR target for all simulated burst transmissions as a function of frame is shown by

a plot 512, and the average BLER is shown by a plot 514. The average BLER for all

simulated burst transmissions is 8.3%, which is higher than the target BLER of 5%.

[1092] In yet another aspect, the SIR target is boosted by a particular amount upon
transitioning from the acquisition mode to the tracking mode. This boost may be used to
ameliorate the small region with higher BLER following the rapid descent of the SIR target

toward the final value. The boost for the SIR target may be expressed as:

SIR target, ., =SIR target,, +SIR . Eq4)

where SIR target ., is the SIR target provided by the outer loop upon transitioning to the

tracking mode;

SIR, _ is the amount of boost to the SIR target upon transitioning to the tracking

boost
mode; and

SIR target,,, is the starting SIR target for the tracking mode.

[1093]  The amount of boost for the SIR target, SIR ., , may be determined in various

manners (e.g., by simulation, empirical data from lab and/or field measurements, analysis,



determ ned as each data block is received for the burst transm ssion. The

SIR targets and BLERs for all simulated burst transm ssions are then

aver aged ve@aooglopt18ed in FIG 5. The average SIR target PEHPSHOF08By| at ed

burst transm ssions as a function of frame is shown by a plot 512, and the

average BLER is shown by a plot 514. The average BLER for all sinulated

burst transm ssions is 8.3% which is higher than the target BLER of 5%

[ 1092] In yet another aspect, the SIR farget is boosted by a particular

anount upon transitioning fromthe acquisition node to the tracking node.
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outer | oop upon transitioning to the tracking node; S RboosP™i he anount

of boost beoset Rqudll I3 tharegpected) anddrstans. tOMNexgnplaryt E@eﬁfeamkld&gamMﬁlglheand SIR
targettrack is the starting SIR target for the tracking node. [1093] The
amount ofamoystef hogst i Heschped belpwet , S| Rboost , may be deternined in various

rensur omilt o o HohiBSAGHE e ST LIEGRS sHb A0 BEVaBE AL bE e gty
an enboditheaéquiditien gxdeahéds arepenfiter décrdsise@ biynthe hag8|d8v¢rﬁ$t§1€1f01b§dcﬁvﬁrdlﬂi€

final value (i.e., the expected amount of undershoot) caused by the rapid
descent dmti wae srized dgfag block s iepeouiered -6 & ﬁblaeconéltlpn o thfepeaisition. The

amount ofy, &fégt}?orséﬁlﬂog’ﬁ% targf0thd MATER d%?ehnﬁflga(lt 40048 SHRARHAG, or

under shoot e exenpl ar determnin anount o ost

descr i becdnipaticalvdatia)l OPE frﬁne int Whish steh®IRetargehachiivies tiertarpet BEERdS detemaned
particular initial value at the start of the ach|S|t|on node and i s

t her eaf t & dé‘?ﬁl@a%se@arﬂfr Nehe: | ENefEBe ith Whichhe dirsteaiasedihloghels expested thke er ased
data block is encountered (i.e., the exit condition for the acquisition
node) . Fonceytsredisal %figtértrmn@%en@@@ded@sm fixned he &valjtes fosasadansh Mg

sinmul ation or enpirical data? The frame in which the SIR target achi eves

t he t ar geare gefreRdent ondhenitizla@lucaned fortihe SR tasgdts thrulommantepetize Lk @l in
which the first erased block is expected to be encountered is also
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additional frames that the SIR target is driven below the final value before the first erased

block is encountered. The difference in the SIR targets at frames n_;, and n,,,, is then the

exit target
expected amount of drop in the SIR target below the final value.

[1095] If the BLER is plotted versus SIR target, then it can be observed that the
amount of drop in the SIR target below the final value is mainly a function of the shape of
the curve in the high BLER region, and is almost independent of channel conditions. The
SIR target can thus be boosted to compensate for this drop and to allow the average BLER
to converge to the target BLER.

[1096] For clarity, the determination of the amount of SIR boost is described below for
the exemplary outer loop and the exemplary burst transmission described above for FIG. 5.
For the following analysis, X denotes a random variable for the frame in which the first

erased block is encountered in a burst transmission, P(E|n) denotes the probability of an
erased block being received in the n-th frame of the burst transmission, and P(X =n)

denotes the probability of the first erased block being received in the n-th frame. The
probability P(E|n) is a function of the SIR target used for the n-th frame and is also equal

to the BLER for that SIR target.



are dependent on the initial value used for the SIR target, the down step
size ADNacq, and the target BLER The difference between nexit and ntarget,
t hen repmveseowms4ibe nunber of additional franes that tPEI/BSROIGISHEL s
driven below the final value before the first erased block is encountered.
The difference in the SIR targets at frames nexit and ntarget is then the
expected anmount of drop in the SIRta £4get bel ow the final value. [1095] If
the BLER is plotted versus SIR target4*then it can be observed that the
amount of drop in the SIR target below the final value is nmainly a function
of the §H¥YT: of Undanshe agspmption phindapepdem) ek emons {whiohdisigenerhlty sue for

d d di h d
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t ar get e dxpB&k: For clarity, the determ nation of the amunt of SIR

boost is described below for the exenplary outer |oop and the exenplary
burst transm ssion described above for FIG 5. For the fol I ow ng anal ysi s,

X denotes a r Vi TL rame in which the fir erased bl ock
i s encount erel?ﬂ{j WQ 3{@3{‘ t ﬁsr‘é@g 5) P(E | n) denotes (Sbr obability of
an erased bl ock being received in the n-th frame of the burst transm ssion,
and P(X = n) denotes the probability of the first erased bl ock being

recei Ve‘Ec{uﬁﬂéﬂ"@S)ﬂn&Batfaé’ e thel baBlﬁ@'b@fbthE Iftryc dthded! bmak béc@nﬁgmpmeo,{ltrpf t he
SIR target used for the n-th frane and is also equal to the BLER for that
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d bl ock f AWGN ch I
and 15 OB D Ghprb T pEhe e EOpARh e biofR YR g may
be expres @fltherpﬂorl?,()Q:ﬂ-hmeé Ejn)fl (1-P(EIl)) Eq(5) Equation (5) indicates

that the grobablllt of the first erased block occurring in the n-th frane
of a burld998lr andtthestashof téle@qqmmtl@@nloﬁg the SButargwfis getyto theeingiad alye h y of an

erased I ot r and Lol
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In the acquisition node,“the SIR target is driven successively |ower from

the initdngbunté@tbdle W & of probabilities for P(E|n) for different frames of the burst
transmission may be determined by simulation or empirical data. A set of probabilities for
P(X =n) for different frames may then be computed based on the set of probabilities for
P(E|n), as shown in equation (5).

[1099]  The expected value of X may then be expressed as:
E(X)=) nP(X=n) . Eq (6)
n=1

The expected value of X denotes the specific frame in which the first erased block is
expected to occur, which is the exit condition that causes the outer loop to transition to the
tracking mode. The value of E(X) is usually influenced to a large extent by the small
number of high values for P(X =n).

[1100]  The expected amount of undershoot may be determined by first computing the

difference between the frame n,__, where the SIR target provides the target BLER and the

target

expected value of X, E(X). This difference represents the number of additional frames
that the SIR target is driven below the final value. If the SIR target is decreased by the

large down step ADN, ., for each frame, then the expected amount of undershoot, SIR 4, ;

may be computed as:



the | arge down step ADNacq by the outer |oop for each frame until the first
erased block is encountered. A set of probabilities for P(E | ng for

di f f er enWOf200¢#¥59130f t he burst transni ssion may be det #GHREONS8T nul at i on
or enpirical data. A set of probabilities for P(X =n) for different frames
may then be conputed based on the set of probabilities for P(E 1 n), as
shown in equation (5). [1099] The exp; ted value of X may then be expressed
as: E(X)=EnP(X=n) . Eq(6) n-I The e §ect ed value of X denotes the specific
frame in which the first erased block is expected to occur, which is the
exit conditi oMRpat (E6Xises,. 1 NeABDgr | oop to transition tEq@R tracking
node. The value of E(X) is usually influenced to a | arge extent by the snall
nunber of high values for P(X = n) . [1100] The expected anmount of
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expect eﬁ%ﬁhgf%ﬁeﬁhbﬁt(ﬁﬁoﬁ?%s di fference represents the nunber of
additional franes that the SIR target is driven below the final value. If
the SIR targe$iR s degireased by the |arge down step ADNac @) each frane,
then the expected anmount of undershoot, SIR (trop may be complted as: WO
2004/ 054130 PCT/ US2003/038807 25 SIR,,,P=(E(X)-ntarge) -ADNacq . Eq(7)
[1101] The answtiof BbodieRSt alkd bk Bet HBhIRr tIMISIR MB)o bB@&INP forSht fRAUR ohe the

expected amount of undershoot, as follows: SIPRboost =SIRdrop . Eq (8) The

anount  Odraded®dckFY jigdt Beenbecdifdd for eeesurdt hansnps &b, For @GeeIe) ithd Ahowfieff act
that one erased block has just been received for the burst transm ssion.

For exantpiost mahbe savosintlRgf,, =$88ss, tMyPhe. set as: Sl Rboost = SIRdrop +
AUPt r ack. glloz] For clarity, the conputation for the SIR boost is now
descri beld192)r aFepelerity, the exmapyhtéorbardbe SIR bhest dx oo deserilgt for alspegifiand t he

et of prEBi et ORTINR " pREm ) Slicr Mol ap e SRSy PRIESRPORBER 2 )
whi ch i sqddefiddibaesl frapR2 fas Bf @ReBplahyt dceof bibabilified fdb) P(FPH! #da set of

probabilities for P(X =n), which is determined from the probabilities for P(E |n).

Table 2

n P(E|n) P(X =n) n P(E|n) P(X =n)
1 0.00800 0.00800 8 0.38000 0.16947
2 0.01700 0.01686 9 0.49000 0.13549
3 0.03500 0.03413 10 0.60000 0.08461
4 0.06500 0.06117 11 0.70000 0.03948
5 0.12000 0.10558 12 0.90000 0.01523
6 0.20000 0.15485 13 0.99000 0.00168
7 0.28000 0.17343

[1103]  FIG. 6A shows a plot 610 of SIR target versus frame n and a plot 612 of the
probability P(E |n) versus frame n for the values shown in Table 2. At the start of a burst

transmission, the SIR target is set to an initial value corresponding to 2 BLER of less than

0.8% and is thereafter decreased by the large down step ADN, . for each good block. The

n-th frame is thus associated with an SIR target, , which may be given as:

SIR target, =SIR target,_, —ADN Eq (9)

acq



n P(Eln) P(X =n) n P(EIn) P(X =n) 1 0.00800 0.00800 8 0.38000 0.16947 2
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ADNacq f orheeaSIR tpoged, islequdd.to THedinitial vdlud.r ame is thus associated with an SIR
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initial value. [1104] For each franme n, the probability P(E I n) can be
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i ncreases _as the SIR target decreases. [1105] FIG 6B shows a plot 620 of

t he probdB2ithatyP(B(| %) inorgasesasdthe STR targetdecrFoses. val ue of E(X) can be conput ed

based on Eé—:-sset ﬁ:fi &%o abilities for P(X = n) show in Table 2 and using
equat i on [El 1t o BHrabB, skows 2-plpfe§3Q of theprabebiliti R(X mat)cueress frarme 1. oFhe
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expect ed . .
target BLER of 5%. The difference in the values for n_, for FIG. 5 and FIG. 6B is due to

the use of different initial values for the SIR target.

[1106] The expected amount of undershoot below the final value can be computed as:

SIR,, = (7.12-3.5)-0.34=1.23 dB . Eq (10)

The amount of boost in the SIR target may be set approximately equal to (1) the expected

amount of undershoot, i.e., SIR,, =1.23 dB, or (2) the expected amount of undershoot

plus the up step for the tracking mode, i.e., SIR, . =1.57 dB.

boost
[1107]  In general, the amount of boost may be determined by (1) the SIR target
expected to be provided by the outer loop upon transitioning to the tracking mode, and (2)
the SIR value needed to achieve the target BLER. The description above assumes that
only one block error is required to cause the outer loop to transition from the acquisition
mode to the tracking mode. Similar computation may be performed if the exit condition to
transition to the tracking mode is multiple erased blocks or the occurrence of some other
event.

[1108] FIG. 5 also shows the performance of the exemplary outer loop for the
exemplary burst data transmission described above, with the boost for SIR target applied.
Again, simulation was performed for a number of instances of the exemplary burst
transmission over the AWGN channel. For each burst transmission, the outer loop is

operated in the acquisition mode until the first erased block is received, at which time the



amount of undershoot, i.e., SIRboost =1.23 dB, or (2) the expected anount
of undershoot plus the up step for the tracking node, i.e., SlIRboost=1.57
dB. [1107] 1 n general, the anmount of boost may be deterggiad, the SIR
t ar get 8?@%1%0 be provided by the outer |oop upon]?%an3|¥?o%%%g to the
tracki ng node, and (2) the SIR value needed to achieve the target BLER The
description above assunes that only one block error is required to cause
the outer loop to transition fromtheoggcquisition node to the tracking
node. Simlar conputation nay be perforned if the exit condition to
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mode. The SIR boost may be combined w1th any of the adjustment schemes described

above for the acquisition mode. Alternatively, the SIR boost may be omitted.

8. Network-Assisted Quter Loop

[1111]  Further improvement in outer loop performance may be attained with assistance
from the base station, which has control over how data is transmitted on the downlink.
Several mechanisms for improving outer loop performance are described below.

[1112] In one embodiment, a CRC value is transmitted on each transport channel for
each frame, even if the transport channel is inactive. For an inactive transport channel, a
CRC value may be generated based on a null data block and transmitted. This CRC value
may be used by a terminal to determine whether or not the final SIR target is sufficient for
this transport channel.

[1113]  In another embodiment, the transport channel that requires the largest fraction
of the transmit power is the one that has the most influence on the final SIR target. This
may be achieved by ensuring that the transport channel that requires the most transmit
power is the one with the highest required SIR.

[1114]  In yet another embodiment, the transport channel that is the most active is the

one that has the most influence on the final SIR target. For example, if the DTCH is



node. The SIR boost nmay be conbined with any of the adjustnent schenes
descri bed above for the acquisition node. Alternatively, the SIR boost may
be omi tt egb 2084/0d@B0n0r k- Assi sted Quter Loop [1111] Furt RECT/USR90BR388ENt i n
outer | oop performance nay be attained with assistance fromthe base
station, which has control over how data is transmtted on the downlink.
Several nechanisns for inproving outer ] oop performance are descri bed bel ow.
[1112] In one enbodi nent, a CRC val ue 2% transmitted on each transport
channel for each frane, even if the transport channel is inactive. For an
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synbol s to provide processed data. Each . .
scheme (e.g., BPSK, QPSK, M-QAM, and so on). The processed data is then conditioned

(e.g., converted to one or more analog signals, amplified, filtered, and frequency

upconverted) by a transmitter unit (TMTR) 718 to generate a downlink signal, which is
then transmitted via an antenna 720 to the terminal.

[1116] At terminal 120x, the downlink signal is received by an antenna 752 and
provided to a receiver unit (RCVR) 754, which conditions (e.g., filters, amplifies,
frequency downconverts, and digitizes) the received signal to provide data samples. A
demodulator (DEMOD) 756 then processes (e.g., spectrally despreads, channelizes, and
data demodulates) the data samples to provide symbol estimates. Demodulator 756 may
implement a rake receiver that can process multiple signal instances in the received signal
and provide final symbol estimates. A receive (RX) data processor 758 then decodes the
symbol estimates for each transport channel, checks each received data block, and provides
decoded data and the status for each received data block (e.g., good or erased).

[1117]  For the downlink power control, demodulator 756 processes the data samples
and provides pilot symbol estimates to an SIR estimator 774, which can estimate the
received SIR for the downlink data transmission based on the pilot symbol estimates. The
SIR estimation may be performed as described in U.S Patent Nos. 6,097,972, 5,903,554,
5,056,109, and 5,265,119. The received SIR measurements are then provided to a power

control processor 776, which compares the received SIR against the SIR target and



data/pilot synbol is a nodul ati on synbol generated based on a particul ar
nodul ation schene (e.g., BPSK, QPSK, M QAM and so on). The processed data

i's then (e. g , converted to one or nore angtAEsHLHEREE
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(TMIR) 718 to generate a downlink signal, which is then transmtted via an
antenna 720 to the termnal. [1116] At term' nal 120x, the downlink signal is
received by an antenna 752 and providsd to a receiver unit (RCVR) 754,

whi ch conditions (e.g., filters, anplifies, frequency dovvnconverts and
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combi nat 786 t@prdvide APEFEn’ Signal. The uplink signal is then transmitted via antenna 752 to

one or more base stations.

[1120] At base station 110x, the uplink signal is received by antenna 720, conditioned

by a receiver unit 740, and processed by a demodulator 742 and an RX data processor 744

to recover the transmitted data and power control information. A power control processor

734 receives the power control information (e.g., PC commands) and generates the proper

control to adjust the transmit power for the downlink data transmission to terminal 120x.

[1121] Controllers 730 and 770 control the operation of various processing units within

base station 110x and terminal 120x, respectively. Memory units 732 and 772 may be

used to store data and program codes used by controllers 730 and 770, respectively, and

possibly other processing units within the base station and terminal, respectively.

[1122]  For clarity, various details of the techniques for adjusting the SIR target have

been described with reference to the downlink in W-CDMA. In general, these techniques

may be used for various types of wireless communication systems that utilize power

control for data transmission. For example, these techniques may be used for CDMA

systems that implement W-CDMA, IS-2000, IS-95, and so on. These techniques may also

be used for uplink transmission and well as downlink transmission.



Table 1 and any of the SIR adjustnent schenes descri bed above for the
acquisition node. Power control processor 776 may further conpute and apply
an SI R be@asiooliesdibe final SIR target upon transitioni RECEYBS200EBIUCcki ng
node. [1119] On the uplink, data froma data source 780 and/or controller
770 and power control information from power control processor 776 are
processed by a TX data processor 782, further processed by a nodul ator 784,
and conditioned by a transmitter unit 30786 to provi de an uplink signal. The
upl i nk silgnal is then transmitted via antenna 752 to one or nore base
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sections. These headings are not intended to limit the scope of the concepts described

therein under, and these concepts may have applicability in other sections throughout the
entire specification.

[1126]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from the
spirit or scope of the invention. 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.

WHAT IS CLAIMED IS:



(FPGAs), processors, controllers, mcro-controllers, mcroprocessors, other
electronic units designed to performthe functions described herein, or a
conbi nati on thereof. [1124] For a software inplenmentation, the techniques
descri bed herein may be inplenented with nodules (e.g., procedures,
functions, and so on) that performthe functions described herein. The
software codes may be stored in a nenory unit (e.g., nmenory unit 772 in
FIG 7) and executed by a processor (e.g., controller 770 or power control
processor 776). The nmenory unit may be inplenmented within the processor or
external to the processor, in which cdde it can be conmunicatively coupl ed
to the processor via various neans as is known in the art. [1125] Headi ngs
are included herein for reference and to aid in locating certain sections.
These headi ngs are not intended to CLAIMSt he scope of the concepts described
therein under, and these concepts nmay have applicability in other sections
t hr oughout the e {Ed ron,.[11 The. previ ous description of the
di scl osed e%bodi%g%%ggfégﬁgg%*%g%hﬁgmghéSﬁglcﬁwvmgéTson skilled in the art
to make or use the present invention. Various nodifications to these
enbodi nent s apbwér chrerof pracksdoy opia¢ @nitljuita stghd gealisk{SIR )aatgétusthfor pavier camrel t he
generic rinciples defined,herein appl.ied to ot her, e di_ ment
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pr es entfor thevdatuttiapsmissgonnwheréimthe imdkiadi valee df ¢helSiRriatgedis b dynatievabrbodi ment s shown
herein but is to be accorded the w dest scope consistent with the
principles Qnd nqmg%v&gggageﬁ disgLosed herein. WHAT IS CLAIMED I S: 31
CLAIMB 1. A<devi c& TN QoW 181 eRPES R runi cat i on system conprising: a power
control processor operative to adjust a signal quality (SIR) target, used
for power canbIRMdstimaibr dpedatedo tecaNSand poc@B the ldas athsaiksidh B @slidetid IR for the
data tr nsni§sion qu st.atus of data bl ocks received for the data

t r ans mi SR OSBRI RYHE Y hi ti al value of the SIR target is a dynanic
value. 2. The device of claiml, conprising: an SIR estinmator operative to
recei ve and 3pr oc@ssddviie otladia 1f sampsisihgsi on to provide the SIR estinates for
the data transm ssion. 3. The device of claim1, conprising:

a data processor operative to process the data transmission to determine the status of the data

blocks received for the data transmission.

4, The device of claim 1, wherein the initial value of the SIR target is determined from a

target BLER of the data transmission.

5. The device of claim 4, wherein the initial value of the SIR target is determined from a

slot format use for the data transmission.

6. The device of claim 1, wherein the power control processor is operative to maintain the

initial SIR target at a fixed value for a predetermined hold time.

7. The device of claim 6, wherein the hold time is selected at the start of a communication

session to prevent large changes in the SIR target due to abnormal block errors.

8. The device of claim 1, wherein the power control processor is operative to adjust the SIR
target using at least two modes comprising a first mode and a second mode, wherein the SIR target is
adjusted with a first down step in the first mode and a second down step in the second mode, the first

down step being larger than the second down step.



a data processor operative to process the data transm ssion to determ ne the
status of the data blocks received for the data transm ssion. 4. The device
of claiml, wherein the initial value of the SIRtarget is determned froma
target BLER of the data transmi ssion. 5. The device of claim4, wherein the
initial value of the SIR target is determined froma slot format use for
the data transm ssion. 6. The device of claim1l, wherein the power control
processor is operative to maintain the initial SIRtarget at a fixed val ue
for a predetermned hold time. 7. The _device of claim®6, wherein the hold
time is selected at the start of a coRfunication session to prevent |arge
changes in the SIR target due to abnormal block errors. 8. The device of
claim1l1, wherein the power control processor is operative to adjust the SIR
target using at [esdsyvice icvlaim deshasdmphiiesin g fisst odesthe PBdergetrighdiussébiothd node,
wher ei & BEvkd3 thdalifdatd thock ALV &Myt h @ first down step in the first node
and a second down step in the second node, the first down step being |arger
than the second down step. 32 9. The device of claim8, wherein while in
the first molle thke BViRe olnlaim, Wheranfhe SiRetdreblyis adjusted fwiith st uplgemin gtesgeondr each
data blogk aB@@ﬁérMﬁ%e?%a&MJt% is dfdal 1T A€ uplGY) ce of claim8, wherein the SIR
target 1s adjusted step In thefsecond node, and wherein the
first down step is equal to the up step. 11. The device of claim8, wherein
whil e in thélfir%he depdeotdim S| Rhereir ghile in thedidit motettle BIR tadget is 4djusst bthen st ep
for ea et BLER for
t he da? gs t Qéxf’({;%e %Blrseglghoﬂggk%gg%@ Iaﬁg?l?:egguo {%?%ci%%%ggg%@ tfa{t%i (%alt al val ue
of the t8psRissnget is determined froma power offset between received data
synbol s and received pilot synbols. 13. The device of claim 12, wherein the
initial valye of e rate
mat chi ng pargmet gfr{@ev%ﬁfcﬁﬁéq &hér%%%gin%almm Offthrewftq11 ae%epfs tg]n{ éﬁ\étﬁ%gﬂ val ue of
t he Sl Roverroffedt bétweahatasivad desaisybdisle andorceivad pilat agtbotsne par arreter val ue for the
data transm ssion. 15. The devi ce of claim 14, wherein the at |east one

par anet er VEH; ue 'Tﬁeé Igfatlllr\{qu ?ﬁ:mtﬁl ﬂ% ial vaPue oﬂfmegfl{tar et 195&&%%55%& or the
data transm Ssi on, orma t ransmni %of f set
bet vveemltd%lﬁ)aofsgtmembinamarmtdmt synbol s sent in the data transm SSI on or a
conbi nati on t hereof.

14. The device of claim 1, wherein the initial value of the SIR target is determined based on

at least one parameter value for the data transmission.

15. The device of claim 14, wherein the at least one parameter value is indicative of a target
block error rate (BLER) for the data transmission, a format used for the data transmission, a power offset

between data symbols and pilot symbols sent in the data transmission, or a combination thereof.

16. The device of claim 1, wherein the wireless communication system is a W-CDMA
system.

17. The device of claim 1, wherein the wireless communication system is an IS-2000 system.

18. A device in a wireless communication system, comprising:

a power control processor operative to adjust a final signal quality (SIR) target, used for power
control of a data transmission received via a plurality of transport channels, based on SIR estimates for
the data transmission and status of data blocks received on the plurality of transport channels for the data

transmission, wherein each of the plurality of transport channels is associated with a respective SIR



16. The device of claim1l, wherein the wireless communication systemis a
WCDMA system 17. The device of claim1l, wherein the wreless

comuni cation systemis an |S-2000 system 18. A device in a wireless
comuni cation system conprising: a power control processor operative to
adjust a final signal quality (SIR) target, used for power control of a
data transm ssion received via a plurality of transport channels, based on
SIR estimates for the data transm ssion and status of data bl ocks received
on the plurality of transport channel g3for the data transm ssion, wherein
each of the plurality of transport channels is associated with a respective
SIR 33 target, wherein the final SIR target is obtai ned based on SIR

target Sarf@ rw}ieh:el tRd B8 IR tirp@tfis SbiARABREY ot RNAE S for ﬁa@ﬁluka% fdﬂtﬂdn%b&dcﬂdfideﬁg at
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t he second down ste ag Ege dev ce of claim 18, wherein the final SIR
tar get Y Qv stgpdewne faresy lay ¢ P?ﬁo'fda J8t"Bnong the SIR targets for the

plurality of transport channels, and wherein the final SIRtarget is limted

to a val ue jequalrhd &vRe bm&ﬁs&br{%remhgﬁﬁal SO A Getlid Rt élalﬂlghesrtgﬂiﬁrgtet%oh@e
pIurallty of transport channels plus a particular. SIR offset. . A device

in a withelR ety ﬁ?leraklﬁyaﬁtr@?%%nnelér?ﬁé wg?rﬁgtheaﬁnao%ﬁar%%ﬁthﬁwd wradelélgsor

oper at le\zf@l {oQ 1aHsUSIR t@edtiaMahg thé YIRAArgGUIRE he YlutaBlyRY trb@F@e&hanmqmlsfa%mmwer
control a data transm ssion received via a plurality of transport

channeﬁ% ° ¥5ed on SIR estimates for the data transnission and status of
dat a blocks received on the plurality of transport channels for the data

t ransmi ssi onp. Whardiige thavifelebdomptul chtidh @fteni, Sorgdlshi@t ed using at |east two
nodes conprising a first node and a second wherei n each of the

plurality of transport channels is assocjiated with a respective SIR target
in the secoR@OHBERTOARGCSHIEPRIHIVE RediupiidinalsianeliflfeSIR Margels 1A B PBIR t ar get

mai nt aichRebl 0 datah@nsniisiohdddetvyd Ah a blﬁﬁﬂ?%@frﬁnsm&ﬁk@ Bakddl ot S'IIU esiiR@tef fof St node
and is obtained based on SIR targets for the plurality of transport

channelt®e qaisitragsnyissiongad sl dataBlgeks r%’i“’edT‘Wéh?j@\}‘?](‘:té obrangiog; chempg's fptherdaen t he
final SaRti@ldgSlheren @i tsgdtaygettlhac@usfdd ruﬁhg A8 1%8 BPddsRomprivehglaifir@ mos®de, and

wherein the SIR tar ts for | urali of transport. c nel s ar e dj ust ed
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| ar ger tﬁr@étrh thd&cHRGEYAE, 280 Whersih @R.findXIR W@t FaVvingle SIK tafdetrhimtdihed foh@é ei n whi l e

th t the final i 5. adj usted  f h time interval
| i GRS 90RO A S g T ot bR e IR By B L ancpor

channelurality of transport channels while in the second mode.

21. The device of claim 20, wherein the final SIR target is adjusted with a first down step in
the first mode, and wherein the SIR targets for the plurality of transport channels are adjusted with a

second down step in the second mode, the first down step being larger than the second down step.

22. The device of claim 21, wherein while in the first mode the final SIR target is adjusted

for each time interval in which at least one data block is received on the plurality of transport channels.

23. The device of claim 22, wherein while in the first mode the final SIR target is adjusted by

the first down step if a good data block is received on any one of the plurality of transport channels.

24, The device of claim 22, wherein while in the first mode the final SIR target is adjusted by

the first down step if all of the at least one data block are received correctly.



23. The device of claim22, wherein while in the first node the final SIR
target is adjusted by the first down step if a good data block is received
on any one of the plurality of transport channels. 24. The device of claim
22, wherein while in the first node the final SIR target is adjusted by the
first down step if all of the at |east one data bl ock are received
correctly. 34 25. The device of claim2l, wherein while in the first node
the final SIRtarget is adjusted by the first down step for each tine
interval in which good data bl ocks are received on all of the plurality of
transport channels. 26. The device of 3¢l ai m 20, wherein the power control
processor is operative to transition fromthe first node to the second node
if a particular nunber of block errors is received on any one of the
plurality of5trahbpdsivice efdaimll svheein whilgén defirstmodsfthefinal BhRZ2&rgetvdraiustedibupon
transi thOfigwh 5ot Beh fihE BierMPHAS/H® obPdRARRRare RIS dhhif ?«%Brnwig%ﬁv for
each of the plurality of transport channels 1s set to the Plna SIR target
at the tRpspertcigpedsciting the first node plus a particular SIR of fset. 28. The
device of claim?2l, wherein while in the first node the final SIR target is
adj usted by 261 he_Tf)é deSice gPéMf %b%e&efin e Bﬂe" Ecﬁnmﬂzﬂroc@éémg BpeQJt'LVE [ ARRP

channel s are active. 29. A device in a W reless communication system

conpr i diofgthe frstyneds to B seeens| mqsie Harsgiewlarawmpertofl bleck erozsdp testived ohjamadneof gnal

qual i t yndpRiriiy baf880rt ckfds. f or power control of a data transm ssion
received via a plurality of transport channels, based on SIR estimtes for
the data transm ssion and status of data bl ocks received on the plurality of
transport cRannellse deyice phadaini @0 awhetairayponiransitioning {pre thei finst emdhitodlie se¢pad pl ur al ity
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wherein the fina arget 1 eterm ned based only on SIR targets of

t r anspcY exignedhmiétanadp akus a pariculpe BIR/@Tset30. The device of claim 29, wherein
whet her or not a particular transport channel is active is determ ned based
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each of the plurality of transport channels I's assune e active until
det er nmithpelirstdowp atep ifi a partiquéar parglead of trpasportghanbglhere agive. ack t hereof, for the
transport channel. 32. The device of claim 30, wherein each of the

plurality oggtraggggﬁém%_ Q%L§Hh@8?§§ﬂg%%n£gnggmhgactive until determ ned

. Obyg, f i I hed
to be active bas the signaling e" transport “channel. 33. A device in

a wWreless communi cati on system conprising: 35
a power control processor operative to adjust a final signal quality (SIR) target, used for power

control of a data transmission received via a plurality of transport channels, based on SIR estimates for
the data transmission and status of data blocks received on the plurality of transport channels for the data
transmission, wherein each of the plurality of transport channels is associated with a respective SIR
target, and wherein the final SIR target is determined based only on SIR targets of transport channels that

are active.

30. The device of claim 29, wherein whether or not a particular transport channel is active is

determined based on signaling for the transport channel.

31. The device of claim 30, wherein each of the plurality of transport channels is assumed to

be active until determined to be inactive based the signaling, or lack thereof, for the transport channel.

32. The device of claim 30, wherein each of the plurality of transport channels is assumed to

be inactive until determined to be active based the signaling for the transport channel.

33. A device in a wireless communication system, comprising:



a power control processor operative to adjust a signal quality (SIR) target,
used for power control of a data transm ssion received via a plurality of
transport channels, based on SIR estimates for the data transm ssion and
status of data bl ocks received on the plurality of transport channels for
the data transm ssion, wherein the data transm ssion is sent intermttently
on at |least one of the transport channels in a manner to facilitate power
control of the data transm ssion. 34. The device of claim 33, wherein a
cyclic redundancy check (CRC) val ue ig sent on each of the plurality of
transport channels in each frane and led to adjust the SIR target. 35. The
device of claim 33, wherein each of the plurality of transport channels is
all ocated a particular anount of transmt power, and wherein a transport
channel wi t RPAVHFYHaLRIOGeELPRCRY VesP RULHA mignal ﬂ%tyriﬁm)éargwswrf% RoigssoaTrel

channelbsa data t?ﬂn&rﬁl@sﬁﬁn&éketvg@wﬁ’ﬁ%hréhfy&ﬂfﬁﬁﬁsborp@l\éﬁ{els B¥ed ohlHR dRivate® P the@hai m 33,
wher ei n each, of thesgrg?tal ity of transport channels is associated wth a

par t i cHPRMIsigpand sty 2 YA ey sion “é? Al YldrepsPeR ShAnasls oRthe d3te pst acti ve

anong tlasmsioh,atbietelh thd datd tfaamﬁlpmntls scheinittent!s oR&I€6d oAt 8Ckhirdnpodt dRhr@BIe St
required Sl g‘or di n%Eto .cl aim 33, conprising: an SIR
B

a
est naf'barmﬂlﬁérrtggﬁc\/’éatetwwf A r?)é’? BBYOYhe data transm ssion to provide

SIR estimates for the data transm ssion; and a data processor operative to

process t hesglat aThd RUSEDdSHIAN3 tvﬂleﬁﬁltaﬂfymcr}éﬁuﬁﬁa%&%em (OR@Y dall 196dk6on dagcei ved
for the gata ra sm SSIC('})l deV| ce according. to claim1l, wherein the

cont r ol°f {F Bl %’d’ rRnsPogty F’H’Fééﬁ a”&‘? qnd Yyed to adgﬁtth%g%tﬁrﬁf)td of adjusting a

signal quality (SIR) target used for power control of a data transm ssion

in a wreless conpauRlic@dll Rl 3Y,SHRRIn e@m&newmny &diaHs?thB&nﬁélﬁls AMJatkdy get
using an first node, wherein the SIR tar get based on SIR

est i maPEECYHAMPYIE olfEansmil poyes,and gh?sﬁnaﬁerlsecerhiha%nebwﬂa%ﬂelghesﬁ reued PIRABI0Rd f or

t he dati@ duramsshit@bipen chathedy iebilbcattd e mBittadminpalviie of the SIR target is a
dynam c value; 36 transitioning fromthe first node to a second node upon
encount eri ng an exit condition; and adjusting the SIRtarg usi ng t he
second node0-whef & dfvicnel el 3¢.athgeen qach of dheplyr Hy%t’taHSPQ”F’Parng?ls'aé%‘” tkp in
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step being |arger . than the second do ep 40. The nethod of claim 39,
conpr i SRRGOT ChRBReRsasHIctF i @ %I‘ e & V\e{asﬁl xed during a third node; and

37. The device according to claim 33, comprising:

an SIR estimator operative to receive and process the data transmission to provide SIR estimates

for the data transmission; and

a data processor operative to process the data transmission to determine status of data blocks

received for the data transmission.
38. . The device according to claim 1, wherein the control processor is an integrated circuit.

39. A method of adjusting a signal quality (SIR) target used for power control of a data

transmission in a wireless communication system, comprising:

adjusting the SIR target using an first mode, wherein the SIR target is adjusted based on SIR
estimates for the data transmission and status of data blocks received for the data transmission, wherein

the initial value of the SIR target is a dynamic value;



transitioning fromthe third node to the first node after a particular tine
durati on.

36

transitioning from the first mode to a second mode upon encountering an exit condition; and

adjusting the SIR target using the second mode, wherein the SIR target is adjusted with a first
down step in the first mode and a second down step in the second mode, the first down step being larger

than the second down step.
40. The method of claim 39, comprising:
maintaining the SIR target fixed during a third mode; and

transitioning from the third mode to the first mode after a particular time duration.



