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REVERSE LI NK OUTER- LOOP PONER CONTROL FI ELD [1001] The present invention
general | ywoeBasms1t o wi rel ess communi cati ons systens andPEOASOP3N38 cul arly
to a method and apparatus for reverse link multi-channel outer-|oop power
control for a CDVMA w rel ess comunications system BACKGROUND [1002]
Code-division nmultiple access ("CDVA"){ W rel ess comruni cati ons systens

of fer inproved capacity and reliable comruni cations. Capacity of a
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beneficial to mnimze the anount of interference in a COMA w rel ess
comuni cations system [1003] Generally, the nost significant anmount of
interference is generated fromother nobile units, such as cellular
phones, operating within the cell or fromneighboring cells. On the
reverse link, i.e. transmssion froma nobile wunit to a base station, a
nobile unit in a CDMA wirel ess conmuni cati ons systens transmits a
pseudo- noi se (" PNEIELEequences to the base station. The base station
receives this signal as well as other nobile units' transmtted PN
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systems and more particularly to a method and apparatus for reverse link

multi-channel outer-loop power control for a CDMA wireless communications

system.

BACKGROUND

[1002] Code-division multiple access (“CDMA”) wireless communications
systems offer improved capacity and reliable communications. Capacity of a
cellular system is important to cellular service providers because it directly
impacts revenue. In general, the capacity of a CDMA wireless
communications system is limited by interference. Therefore, it is beneficial to
minimize the amount of interference in a CDMA wireless communications
system.

[1003] Generally, the most significant amount of interference is generated
from other mobile units, such as cellular phones, operating within the cell or
from neighboring cells. On the reverse link, i.e. transmission from a mobile
unit to a base station, a mobile unit in a CDMA wireless communications
systems transmits a pseudo-noise (“PN”) sequences to the base station. The
base station receives this signal as well as other mobile units’ transmitted PN

sequence. PN sequences have the property that correlation between delayed



2 versions of one sequence are nuch |ower than that between two sequences
that are tine-aligned, that is, a delayed PN sequence appears as noise to
the recewoaB/08i4ne-aligned to receive a second PN sequenc®CRitsh2/30389 f f er ent
delay. Thus, a nunber of nobile units can transmt on the sanme frequency
to the sane base station in a CDVA system A CDVA nobile user's
transmtted signal contributes to interference to the transmtted signal
of all other users. [1004] Because the signal of each nobile unit
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cel lul ar envitonnent, erence pro Xl st's wn as the

"near-far" problem To illustrate the r-far r.obl i.der,, 1 he case
of two nomeﬁélrﬁﬁ'in?%'awdattﬁﬂtdsi ﬁd@ﬁﬁ%ﬁﬂ’%@eﬁqq&ﬁncgﬁat%ﬁeﬁgeaiﬁﬁ%eggstgéstat i on.
Suppose that a first nobile unit is near the base statig_n and(gré?s a snmall
pat h | oss regriver tiee-aianedip recaiva & sesond PN pagvente WER SdiffelRnNi&e!@ihd has a
| arge path | oss. Al so, assune that the two nobile wunits transmt using the
sane anpuiThusf apuweber & moebilehanitswcanoisnsmitiont the saredraquency Hotthe same
anount of power but have different anbunts of path |osses, the base

stati on ma¥nicepasd etdiorerkarCcbivipnaystemmA IBDMAcmodiloalselr’s trarismittede si gnal
fromthe first nobile unit. In a system the transmtted signal of

each nobi E%nn‘é%énl"f‘igg%si 1Blifel ré‘rﬂ%enottﬂeﬁénsﬁ{iﬁ@d siPR| beallbine? uséfs. can be

seen then tthat the tirst nobile unit beconmes a rélatively |arger
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communi cati ons systens use power control to control the transmtted power
of each mppblemygkists known as the “near-far” problem. To illustrate the near-far '

problem, consider the case of two mobile units operating in communication
with the same base station. Suppose that a first mobile unit is near the base
station and has a small path loss and a second mobile unit is far from the
base station and has a large path loss. Also, assume that the two mobile
units transmit using the same amount of power. Since the two mobile units
transmit with the same amount of power but have different amounts of path
losses, ;the base station may receive a weaker signal from the second mobile
than the signal from the first mobile unit. In a CDMA system, the transmitted
signal of each mobile unit adds interference to all other mobile units. It can be
seen then that the first mobile unit becomes a relatively larger interference
éource to the second mobile unit than the second mobile unit is to the first, as
seen from the base station. Thus, é mobile unit close to the base station
drowns out the signal of a mobile unit far from the base station. To overcome
the near-far problem, CDMA wireless communications systems use power

control to control the transmitted power of each mobile unit.



WO 03/ 030401 PCT/US02/30389 3 In general, CDVA wi rel ess comruni cations
systens use three types of power <control for the reverse |ink, open-Iloop
power comWwPp®B/03@bbsed-1 oop power control, and outer-| oopPpodWeso2/awsserol. In
the followng, termnology fromthe 1S-2000 standard is used as an
exanple. In open-loop power control, a nobile unit uses the estimated
recei ved power fromthe base station t control its transmtted power.

Typi cal |y, open-loop power control by itself is insufficient because the

forward | ilrpéeré%raag:GD %sfvirﬁfe%icghri\ﬂni@%éseéyﬁé‘ms;&\bé%?é‘e t;)RS'te&f Power, mobile

unit to bas ion) u I'ze erent freguenc ands. such, the

shadow ng_and fadi characteristics for the faqr | reverse
link can Bgm(ﬁ?lf? rﬂ% TOXRSS, ﬁ%l\/ﬂp\?ﬁj‘é?%s%o%%rnﬁﬁﬁﬁégt +I8§§d'2{b%t i)%g’eral S0 use
(a) closed-loop power control, which adjusts ihe_transrritted ovve[] of a
mobi | e unFenkel, eRdtoyiesiaogRYWRICaN R al Nt thents l%‘@'r@m&erirrﬂif‘@mérfg?m& Batio at
the base station is as close to a desired | evel as possible; and (b)

out er - | oop5-2000estandarct i3 ushdcds det exampls vihaopeméoage powed eoNgivhl 2t o noi se
and interference ratio is. [1005] In concept, closed-loop power control

seeks to agfjpaeturit\§sest thaessiirizied reseisd pbwer fromi ihe baset statiort teatonttal
transmtted signal received at the base stationis as close to a threshold

val ue as S§i : aseysiai o L c - pPBWes&PnEr ol
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such, the shadowing and fading characteristics for the forward link and the
reverse link can be different. Thus, CDMA wireless communications systems
also use (a) closed-loop power control, which adjusts the transmitted power of
a mobile unit so that its received signal to noise and interference ratio at the
base station is as close to a desired level as possible; and (b) outer-loop
power control which determines what the desired signal to noise and
interference ratio is.
[1005] In concept, closed-loop power control seeks to adjust the
transmitted power of a mobile unit so that its transmitted signal received at the
base station is as close to a threshold value as possible. At the base station,
the closed-loop power control sends an up/down command to a mobile unit if
the closed-loop power control determines that the mobile unit needs to
increase or decrease its transmitted power. The closed-loop power conirol
uses the output of the outer-loop power control, i.e. a desired signal to noise

and interference ratio called the set point, as the threshold to determine if the

mobile units received signal at the base station is too high or too low.



nobile units received signal at the base station is too high or too low WO
03/ 030401 PCT/ US02/30389 4 [1006] The outer-|oop power control is

i mpl ementwO oa3tdhe base station so that the frane erasur @CTAISe2/$03BER")
target or other quality netric is achieved wth mnimal transmtted power
for the channel under control. If the link quality is too |ow or too high,
the base station adjusts the outer-logp set point up or down to achieve
the desirable link quality. The adjustment of the outer- |oop set point is
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suchdasdl I ] e g ata rates than those of ol der

standards, In the reverse |lipk,. A S-20 i LE . can t. mt at
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"R-SCHs") in addition to the Reverse Fundanmental Channel ("R-FCHs"),

whi ch typwial minimgl deagmited |RANRY tpat they gharne ‘I’i—“%@fl—@orgﬁﬁr aifetlﬁé’t El'E;}fsf 12 erent
recei ved signal to noise and interference levels fromthose of the R FCH
[ 1008] At quialitpis tomt lesy of toaghighy the bases station| asijusts the oaieIrPeR sef PABE on t he

R- FCH or the Reverse Dedicated Control Channel ("R DCCH'). The base

stati on ofser\wewn teadtidv@ihd desiRiffEtinkqualty. RriaCatjuatmertdyfube outdre out er -
| oop set point based on that FER Wen the nobile unit transmts at a

hi gher : 18@&? {é‘tp%intiié oblcANSEP bSwePchhtgSiH in addition to R-FCH R-DCCH, or

3iO1EPérent i Vrrent : ozed previously, the R-SCH i n general operates at
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IS-2000, a mobile unit can transmit at higher data rates using one or more
Reverse Supplemental Channels (“R-SCHs”) in addition to the Reverse
Fundamental Channel (“R-FCHs”), which typically is used for lower data rates.
R-SCHs operate at different received signal to noise and interference levels
from those of the R-FCH.
[1008] At lower rates, in general, the mobile unit transmits either on the R- -
FCH or the Reverse Dedicated Control Channel (“R-DCCH”). The base
station observes the FER of the R-FCH or the R-DCCH and adjusts the outer-
loop set point based on that FER. When the mobile unit transmits at a higher
data rate, it transmits on R-SCH in addition to R-FCH, R-DCCH, or both.
[1009] As mentioned previously, -the R-SCH in general operates at
different received signal to noise and interference levels from that of the R-
FCH or R-DCCH. This, in turn, affects the base station’s optimal level of the
received signal to noise and interference ratio for the R- Reverse Pilot
Channe! (“R-PICH”). The base station uses a different outer-loop set point on

the R-PICH received signal to noise and interference ratio when the mobile



Channel ("R-PICH'). The base station uses a different outer-|oop set point
on the R-PICH received signal to noise and interference ratio when the
nobi | e WWO3B033401 PCT/ US02/ 30389 5 transmits on the R 8CHUShH3@B8Uer to
adj ust the outer-loop set point when R- SCH is used, one nethod is for the
base station to observe the FER or other decoder netrics of the R SCH and
use that in the outer-loop to adjust tshe outer-loop set point [1010]
However, there are several problens with observing the FER of the R-SCH to

adj ust 't h?raﬂgmf'r% darfﬁ%msgé?wi (M ordeh $o RIdAR: §A& logitd1Bbp (da pBRierHREL, TN

general, is 0 otransmt on"'the RSCH for a Iimted duration.
That |im dur ation does, not praovi b ' | enerate
neani ngf uﬁ%&tﬁ upedi 19 819%??1@{8 &rgh%gggggg#&h} tg)r&ge\rﬁgé #rﬁ&niﬁ#ﬁ%éﬁlggt er-1oop
set point. Another problemis that the transnission of R-SCH. c be

abrupt |y despdenmedicopf the Rresill @ndnhige trF%;r'neW&n‘B!"@,r'?‘?% t‘?rggﬂszqnﬁi t may
not have adequate anount of RF power or any nore data to transmt on the

R- SCH( s) . oufer-laop setipoindbf t his unschedul ed termi nation of transm ssion on
the R-SCH(s), the estimate of the FER becones difficult at the base

station. Eyerowherowbeer, tiesra aretdevaralproblents- withiobsarving e BERaafdhe s
according to a pre-arranged schedule, the outer-|oop power control has to

transiti oy : R&$¢d bilehgnif}- DCCH.
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meaningful FER statistics that are necessary for fine-tuning the outer-loop set
point. Another problem is that the transmission of R-SCH can be abruptly
terminated by the mobile unit. For example, the mobile unit may not have
adequate amount of RF power or any more data to transmit on the R-SCH(s).
As a result of this unscheduled termination of transmission on the R-SCH(s),
the estimate of the FER becomes difficult at the base station. Even when the
termination of the R-SCH transmission occurs according to a pre-arranged
schedule, the outer-loop power control has to transition back and forth
between the R-SCH and the R-FCH or the R-DCCH. If the outer-loop on
either R-FCH or R-DCCH has not been updated, such transitions can create a
period of settlement where an otherwise unnecessary large transmit power
would be needed to maintain the link quality on R-FCH or R-DCCH. Similar
loss of efficiency happens when the outer-loop transitions to the decoder(s) of
the R-SCH(s).
[1011] In parallel with the outer-loop set point for R-SCH, similar

problems can exist for the R-DCCH due to its bursty transmissions. That is,



the R-SCH(s). [1011] In parallel with the outer-loop set point for R SCH,
simlar problens can exist for the RRDCCH due to its bursty transm ssions.
That is, W00385@80401 PCT/ US02/ 30389 6 the outer-|oop powem/Use/3438¢ nt

m ght not settle at the right level if frequent transm ssions do not occur
in the underlying channel. Wien only the R- DCCH is used in addition to the
R-PI CH on the reverse link of a nobilg unit, there is a need to raise the
received pilot to noise and interference ratio to conpensate for the fact

that the gul 8fsd90m $RlndoLpdift RAGSHS] S8ile!&t FecAYMMovel AR ient S| nCe

thg :qS—ZO & Ines 'a fixed traffic to pil ratio for both R FCH
an - regardl ess of their |ikel 1 SS| d y S he need
'Eo adj ust "TBREMFSIUS EQf RO REGUI Ik h}? éﬂbémﬂﬁg‘ %%J'D%eﬁuébﬁb@e Fr:{ésol ved.
1012] Unl ess novel technjques are_us for the outer-| oo r control
when a moBIGEH dsiused g pgditian iasthegR |§I?'hPﬁlth?Je\6‘?rS€ﬁ5\'frF§Ig,n%}%ﬁﬂm'ﬁ’e uni t
may transmt nore power than needed for the desired link reliability.

This, in there,is amgedddumisebtiter egopiveds pilatde moigeAndinienfereand rabetease t he

reverse link capacity of the cellular system There is therefore need in

the art fepnrpehsate fop@ie FMRNathBIOUMT-I0bPSet poirtiis eotisubject Brfsequentusi ng
mul tiple channels. Also, it is desirable to have a | ow conplexity sol ution

N 1eSOl VigHaldd® SiHce! thel RDONY WRnERd 'detheB!e Akeitretfid 68 loiibl bationio ast
time-to-market conditions. A sinple solution reduces the tuning needed,
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addition, tlf?e Sn(gelegt’tiooert]dj'l[.lQ’f’j1 %hec‘glrllotbreeference ratio only for the R-DCCH must be
resolved.
[1012] Unless novel techniques are used for the outer-loop power control
when a mobile unit transmits using a plurality of channels, a mobile unit may
transmit more power than needed for the desired link reliability. This, in turn,
may reduce battery life for a mobile unit and decrease the reverse link
capacity of the cellular system. There is therefore need in the art for outer-
loop power control when a mobile unit transmits using multiple channels.
~ Also, it is desirable to have a low complexity solution in resolving the outer-
loop power control problem, especially in fast time-to-market conditions. A
simple solution reduces the tuning needed, lowers the possibility of mistakes
in implementation, and increases the robustness of the system under
unexpected operating conditions. In addition, a solution that can be

implemented with minimal changes to hardware and software reduces the

design time, which consequently reduces engineering costs.



i npl emented with mnimal changes to hardware and software reduces the
design tinme, which consequently reduces engi neering costs. W 03/030401
PCT/ US02/\80389030471 SUVMARY [ 1013] Enbodi nents di scl osed hecaiusozsidsess t he
above stated needs by providing target signal to noise and interference
ratios for a mobile unit transmtting on nultiple channels on the reverse
link in a COVA wireless communicatiornps system [1014] The presently

di scl osed enbodi nents are directed to nethod and apparatus for outer-1oop

power control when a nobile unit ”S}@W]W’éﬁ? ng multiple channels.
According to one aspect of the pres tion, a maintain and adj ust

t hreshol d nodul e accepts i nput fromthe decoder of a first channel and
out puts t HO18}r r dembodiserie digpiosed lereReaddwassrhe @bograsiaied nerds byiri ves
the cl osed-1oop power control in single channel operation. Next, a delta

conput at i groviohely | Brgetosigaar 1@ ndisesdil dnidefetencemratids ifer shemwbiddaditt ot he
base threshold. The resulting sumis the outer-loop set point that is used

ina Comﬁéﬁérﬂﬁn#@dm%dﬁfﬁn&'mﬁr@@%ﬁe’m@?@m&éqm P at BOMAVEHSIBss i nk. The

conpar at or co S a recelve signal strength with the outer-|oop set
poi nt. The conparatar t is inputted to a generate up/down comrand
nodul e.  §9® tg)[ng %Y%Vedﬁm command nodul e sends an down conmand i f

| st t h t th t | t
ot hervi sel 10 endknesRlesanty sirioRsd ADIDRItSTIo atPaRE 2P dneld and

apparatus for outer-loop power control when a mobile unit transmits using
multiple channels. According to one aspect of the present invention, a
maintain and adjust threshold module accepts input from the decoder of a first
channel and outputs the correct base set point on Reverse Pilot Channel that
drives the closed-loop power control in single channel operation.  Next, a
delta computation module produces a threshold delta, which is then added to
the base threshold. The resulting sum is the outer-loop set point that is used
in a comparator during multiple channel opérations on the reverse link. The
comparator compares a receive signal strength with the outer-loop set point.
The comparator ouiput is inputted to a generate up/down command module.
The generate up/down command module sends an down command if receive
signal strength is greater than the outer-loop set point, otherwise it sends an

up command.



BRI EF DESCRI PTION OF THE DRAWNGS [1015] FIG 1 illustrates reverse link
physi cal |ayer channels. [1016] FIG 2 illustrates the adjustnents nade to
a outer-|lwopsseropoi nt over time. [1017] FIG 3 illustratPes/usn2/asenpl ary
base station detailing outer-loop power control. [1018] FIG 4 illustrates
a flowhart detailing operation of an exenplary outer-|loop power control.
[1019] FIG 5 illustrates a flowhartgdetailing an exenplary outer-1|oop
control utilizing the pilot reference | evel difference to change the

effective outer-1loo ' ' resent.

DETAI LED DESCRI PTI O\Ip?mgﬁﬂﬁ%%m@mox m gﬂﬂﬁﬂﬁﬁ ?\ént S are
directed to nmethod and apparatus for nulti-channel reverse |ink outer-I|oop
pover corif85] TREG. 1 dlustratesyreyerser link physicad lryer €§aBpelsi fi ¢ i nf or mati on
pertaining to the inplenentation of the present invention. One skilled in
the art v[pbhe] eceymi zeillusthatest ine adjasieménts nmeadeitona rujeblooprgitep@int ed in a
manner different fromthat specifically discussed in the present

applicati Qg eover, sone of the specific details of the invention are
not discussed in order not to obscure the invention. The specific details

per son_ oft 18341 naRyCsl TEEFRles BR, pfdnpfy Heg, telioh lcbaling LT R cent

application and their acconpanying detailed descriptions are directed to
nerely exRMELEFSNENDodi nents of the WD 03/030401 PCT/ US02/ 30389 9

[1018] FIG. 4 illustrates a flowchart detailing operation of an exemplary
outer-loop power control.

[1019] FIG. 5 illustrates a flowchart detailing an exemplary outer-loop
control utilizing the pilot reference level difference to change the effective

outer-loop set point when multiple channels are present.

DETAILED DESCRIPTION

[1020] The presently disclosed embodiments are directed to method and
apparatus for multi-channel reverse link outer-loop power control. The
following description contains specific information pertaining to the
implementation of the present invention. One skilled in the art will recognize
that the present invention may be implemented in a manner different from that
specifically discussed in the present application. Moreover, some of the
specific details of the invention are not discussed in order not to obscure the
invention. The specific details not described in the present application are
within the knowledge of a person of ordinary skill in the art.

[1021] The drawings in the present application and their accompanying

detailed descriptions are directed to merely exemplary embodiments of the



invention. To maintain brevity, other enbodinents of the invention which
use the principles of the present invention are not specifically described
in the pwevanso4application and are not specifically illu®Crasenu3tsy t he
present draw ngs. The word "exenplary” is used exclusively herein to nmean
"serving, as an exanple, instance, or illustration.” Any enbodi nment

descri bed herein as "exenplary" is n9t necessarily to be construed as
preferred or advantageous over other enbodi nents. [1022] FIG 1

||| ust r aligo i, B3 Sl BovRDY SitfeR lerlitiiheRfaon®leSnidifiontwnighidee uni t

100 may trahsmt on to comuni cCate with base station 180 for an IS 2000
based cel|ul ar_syste Al t hough. onl v r{i0 o VRl i unit is
shown in thﬁbﬁ"’l"&‘:"ﬁﬁ? torplt(}j'& prietseaf I'rﬁ%oﬁe#}(eér &%tdg?%&g(ga"&o@%ﬁ’b&g?? {{Seo in the
present application. [1023] The physjcal .| ayer i he portian of fthe
conmuni caRresaRt gRRication anﬁ@é%@ﬁggﬁg“é#“?aj{y 'bH‘ [ZIe §’¥itﬂ6‘?1p W@E%’RS'PQ%)T\. The
physical layer is conprised of several channels. Only a subset of the
reverse | T vpdrgsie@mplagydris ciigathexelusivelys hetginite msisin SavWng a®@N Mobi | e
unit 100 may send data to R-FCH input 130, R DCCH input 140, R-SCHl i nput

150, or Re{phiBlel nstandsOor Mistlagiontini Angt 0émbodingeniededcribedaherein sasusi ng
R- FCH 132, R-DCCH 142, or both. Wwen nobile unit 100 needs to transmt

data at acfyi d t hécdB%ril/ RSecbnsPlied aSyitelctrsnbehd@rdagedus such as
o 1S eEAn" [ Bot b SRty ®Bg ebnstlledias i ng R-FCH 132 ge o

162 are’ 2060 YBFLTREORRIGS T clerse 1 nk traffic channel s. " D 03/ 030401
Pt USOZ/[%%%%? JF?G 1 illustrates the reverse link physical layer channels that a
mobile unit 100 may transmit on to communicate with base station 180 for an
~ 1S-2000 based cellular system. Although only a portion of a typical mobile
unit is shown in mobile unit 100, it will be referred to as mobile unit 100 in the
present application.
[1023] The physical layer is the portion of the communications protocol
responsible for transmission and reception. The physical layer is comprised
of several channels. Only a subset of the reverse link physical layer channels
is shown i'n mobile unit 100. Mobile unit 100 may send data to R-FCH input
130, R-DCCH input 140, R-SCH1 input 150, or R-SCH2 input 160. Mobile
unit 100, in general, transmits using R-FCH 132, R-DCCH 142, or both.
When mobile unit 100 needs to transmit data at a higher rate, it may transmit
on a Sﬁpplemental Channel, such as R-SCH1 152 and/or R-SCH2 162, in
addition to using R-FCH 132 or R-DCCH 142. Physical layer channels R-
FCH 132, R-DCCH 142, R-SCH1 152, and R-SCH2 162 are also referred to

as “reverse link traffic channels.”



[1024] Mobile unit 100 uses Reverse Pilot Channel ("R-PICH') 122 to
provide a phase reference and signal quality estimation for coherent
denodul atworesasdorrul ti - pat h conbi ni ng at base station 180PCRAUBDIZHZEL2 i s
an unnodul at ed signal and does not carry data. R PICH 122 al so provi des a
nmeans for base station 180 to neasure received signal strength. The

recei ved signal strength neasurenent i{@an be used for reverse |ink power
control. [1025] Each physical channel has its own gain relative to R PICH

appl i ed q [H@%Q]t BI’\JA'ro%rilet Qnit RIS Wses! Rgv?rﬁé plievehavnanpR-PIGH3) 124, tol34, 144,

154, an ng operation, e unit 100 nmust maintain the power

| evel s of ch ch nneI I
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e traffic channels and control channel s ar
el ati ve demeskdation AngFmHEgRABECOMBRINGA] 6@%%@3%‘@“@2%?&@@ o 75l os ar e
also referred to as the "traffic to pilot ratios. 1026] When supporti ng
one reveraeuhinokiuttied signahand daeseotoseryraaiai REICHe @@6’ FHPV@P @gannel

signal to noise and interference | evel depends on the data rate, the frane

I engt h, tleah&Gof fIsasmrstatism oiB0C ¢ reeasutg ceckivey) sigied sidesgthed Thenk
quality, the fading scenario, the antenna diversity at the nobile wunit and

the base E@Fvbansu Al é SirilaBarerh@nt &4 bePBiséd fes wbverse Hinkl SoREN0
e

standard chose a |ng ue for the R PICH received signal to noise and
|nterferenc atlo t hat was proper for the general situation as the
oper at i ng ht for each conbination of the data rate, franme |ength, FEC

That ' requi 1928, voERSoRUR ishanneD 3 b g bafl reidi o HIPREF efpficn 1 1 Ve L0

to it prior to transmission, as shown by amplifiers 124, 134, 144, 154, and
164. During operation, mobile unit 100 must maintain the power levels of
each channel by applying the appropriate gain factors to amplifiers 124, 134,
144, 154, and 164. In general, the power levels of the traffic channels and
control channels are maintained to be constants relative to the gain of reverse
link pilot channel 122. These ratios are also referred to as the “traffic to pilot
ratios.” -
[1026] . When supporting one reverse link channel at a time, the required
~ received pilot channel signal to noise and interference level depends on the
data rate, the frame length, the FEC (forward error-correcting coding), the
desired link quality, the fading scenario, the antenna diversity at the mobile
unit and the base station, as well as other factors. As a result, the IS-2000
standard chose a single value for the R-PICH received signal to noise and
interference ratio that was proper for the general situation as the operating
point for each combination of the data rate, frame length, FEC and target

FER. These received levels of pilot, when expressed relative to that required



11 by the 9600 bps, 20-ns, convolutionally encoded R-FCH RDCCH operating at
1% FER are referred to as "pilot reference levels." These traffic-to-pilot
rati os fwoO oBlasel conbi nati ons are al so specified in | S 2000/USb23038Ner al |
base station transceiver 180 tunes the pilot reference | evels of each
traffic and control channel to a specific level to maintain a certain FER
[ 1027] The outputs of gains 124, 134,11144, 154, and 164 are then added by
adder 168 and transmtted by nobile unit antenna 170. The transmtted

si gnal OLb X ié&)edlé‘ﬂgé s BoheaElidedyhdRes RIFOH/ADEOHPWatlgtand

processe bas dtion transceiver "180. [1028] CDMA wirel ess systens,
such as t sin he - 200 it g A power of
nobi | e unﬂgs%%_argsef?&%:{]ﬁ %%] @wz?%g%c%elgvglgi gzgksé?r‘r%\ g&%ﬁélg‘ﬁ% l e unit
100 and sending out a feedback to nobil e uni 0p, base, st atiQn.: 180

oper at es fonéheseeeralingfigRs @F%?M—?W'%@%’%@#r &1 geﬁ]qgl,f%%gesﬁ%% | ment ,
the feedback to nobile unit 100 is in a sequence of UF and own .  comrands.
[1029] | firameceiverel 8@ dupeswdine fpiloinrefssence levels phepach tralichagh CAWOh base

station 180 issues a power down conmand to the nobile unit 100.

Conver sel pharidel tda speciticuek! powsintairoencedhin BEBni t 100 is too | ow, then
base station 180 issues a power up comrand to nobile unit 100. The power

up and dovymCOnpRRISt Bamst VM, CRI, Y144) 15a¢ bpter8s ar tdacaddent s of 1
dB, but E@\@Zilsowg‘ee o@gi fferae'nt Ssi zes. Base station 180 determnes if an

up or - doun GalaRd S0P whihfidd by Sflobie WRASHHILMG Hhe. IPRgiFdmitana o

noi se ref power Tatro and conparing it with the outer-Ioop
set point . o o?dr(rjllo e Ninil SO kEchilled tll;')? "besd WatitAN aftetPal§ 74584 | n one

exenpl ar ysignal

processed by base station transceiver 180.

[1028] CDMA wireless systems, such as those using the 1S-2000 standard,
control the transmitied power of mobile unit 100. By measuring the received
signal strength of mobile unit 100 and sending out a feedback to mobile unit
100, base station 180 operates the reverse link closed-toop power control. In
one embodiment, the feedback to mobile unit 100 is in a sequence of up and
down commands.

[1029] If the received power from mobile unit 100 is too high, then base
station 180 issues a power down command to the mobile unit 100.
Conversely, if the received power from mobile unit 100 is too low, then base
station 180 issues a power up command to mobile unit 100. The power up
and power down commands are typically in increments or decrements of 1
dB, but can also be of different sizes. Base station 180 determines if an up or
down command should be issued by measuring the received signal to noise
and interference power ratio and comparing it with the outer-loop set point. In

addition, feedbacks in other forms can also be used. In one exemplary



WO 03/ 030401 PCT/ US02/30389 12 enbodi nent, the feedback provides the
actual anount of correction for the npbile station 100 to change its

out put poweros/oJat is, the feedback contains both a signrPamdisaz/segni t ude.
As nentioned previously, outer-loop power control continually maintains
and adjusts the outer-loop set point to obtain a target FER or other
desired quality netric for the channglo. [1030] An exanple of how the
outer-loop adjustnments are nade over tinme is illustrated in FIG 2. The

plot of ElG et Ute! %te%aglb?)r%%é -theisat aBuRt of 88irbsfidrefdr eer time.

At time ,_an erasure 1s detected by base station 180. This erasure

causes the frane er re rate t.o | | deate is

t 00 [n gh rg@bl[q 2%’296?% Rhangg '%u‘#@ﬁbf@%‘[ﬁ)e%om%ﬂgb{nt{effgﬁdb%#g?@jggleﬁss the set
poi n u . In general, A 204 i

base stgtbﬁhpqgigrbéﬁdigdﬂéﬁ@@%eu Y -ﬁlpgﬁilaaérgie"roﬂtﬁ&ﬁt%ua?rélgg\émpz"?% f (f)let hat
event that FER i ncreases. During time 202 to time 208, base station 180
does not abetiet cortimsallyemainiaingrantliadjugts heeputer4romaelepoinb ) oBAIN ayoi nt by
o down 206. One exanple of the range of adjustnents to the outer- |oop set

poi nt coubfhAFER efbthd! déBirtd qtiafitydBetis fohthenchanr®l.G. 2. I n anot her
exanpl e, a maintain and adjust threshold nodule nodifies the base

t hr eshol ha € i : ) . >
103018 AhNExatRbleRsH Hw 1€ eafctiogh bajushferBcadi made vt tinef t he
R-FCH, t &]DCCQ or %ot . Wen the decodijng I s successful and the

fsvfdr%hg%‘%@?@gﬁ“@igr ?tS ;?‘Eé‘lp’ﬁ%s%fiﬁ'% & loseRg R Guebop RsR . how a
el ooty S e! 5, i EPACA e A 8ocl B Bhbo Sedg "0 e
180. This erasure causes the frame erasure rate to increase. If the frame
erasure rate is too high at time 202, then the outer-loop power control
increases the set point by A up 204. In general, A up 204 is larger than A
down 206 so that base station 180 can increase the outer-loop set point
rapidly in the event that FER increases. During time 202 to time 208, base
station 180 does not detect erasures and gradually lowers the outer-loop set
point by A down 206. One example of the range of adjustments to the outer-
loop set point could be from 4.0 dB to 4.5 dB as shown in FIG. 2. In another
example, a maintain and adjust threshold module modifies the base threshold,

i.e. the set point, according to the decoding result of the R-FCH, the R-DCCH,
or both. When the decoding is successful and the decoder metrics show a
very high level of confidence, the threshold is reduced. When the decoding is
unsuccessful and the decoder metrics show a low level of confidence, the

threshold is increased.

[1031] Expanding the example in FIG. 2, outer-loop power control can be

based on the FER of R-FCH 132. When mobile unit 100 transmits using R-



based on the FER of R-FCH 132. Wen nobile unit 100 transmts using R WO
03/ 030401 PCT/ US02/30389 13 FCH 132 or R-DCCH 142 and transmts on a R SCH
as wel |, woleloan4onit 100 is considered to be transmtti n@Corusa/pisgyal ity
of channels. Note that the follow ng explanation uses the existence of
R-SCH(s) together with RRFCH or R DCCH to illustrate the present

invention. Qther applications, includgng the need to adjust the outer-|oop
set point when both RRFCH and R-DCCH are present can be inferred fromthis

exanpl e. N 3305 RHEBH 1%@9n6%rar{shﬂf§6ﬂ bt R ¥ 1amsawell, uhabild Mnefioghannel s,
t he base station can use t FER of the R-SCH to maintain and adjust the

outer-loo set Qi nt h b d
FLGV:QOE?::—I ﬁpéi%é&%ﬁ%n%%@hghén kﬂ%ﬁtyo hgﬁgﬁégioqﬂgf&%@ﬁ%ﬁ){]g of

e R or the R to majntain and th
when rmb|f0|@Mﬁ9t9XP¢ﬁ)"at'9ntqs<9$stﬁ?tetxl'%%n?ﬁ’lOBE"%¢E¢@I1i 59819’ Hhﬁﬁp?ﬁe&[ ?852} In
FIG 3, exenplary system 380 details portions of base station 0 for the

cl osed- | dPCEH touillestratedbhepoweent swenpton. qu{@%'c%@ﬂ%#ﬂ@%mglﬁ Pustrat es
only a portion of an actual base station, it will be referred to as base

station 3%d o hbfisPEes elterdppd isehipoint. wihient @otth&-FChl andeR-DGCHiarel i fy t he
drawi ng, many ot her functions, including diversity receiving antennas, rake

receivers, é@@# beCREIRSA | ROH IS B/implROWIWHenFIntobi Unt038D Exenpl ar
base statlo 88 recel ves the reverse ||nE signal from nmobile gnit 280 bg;

way of bas’;qepssni@t eXeln aegé ?b?‘bhaRHB{ sSX b%%% ététl gBhasse {He PERCoSL ation

ant enna atlon ant énna can e used for receiving

and transm t“é.'(gHStogHwaallr?taln anguédjggt %Up &fé?rloc;’pO%eP %Yr{tdeﬁobv'é%F thi

method has the problems mentioned previously. One embodiment uses the
FER or other link quality metric of the R-FCH or the R-DCCH to maintain and
adjust the outer-loop set point when mobile unit 100 is transmitting on a
plurality of channels.

[1032] In FIG. 3, exemplary system 380 details portions of base station
180 for the closed-loop and outer-loop power control. Although system 380
illustrates only a portion of an actual base station, it will be referred to as base
station 380 in the present application. Note that in order to simplify the
drawing, many other functions, including diversity receiving antennas, rake
receivers, and their connections are not shown in FIG. 3.

[1033] Exemplary base station 380 receives the reverse link signal from
mobile unit 100 by way of base station antenna 374. Duplexor 302 is coupled
to base station antenna 374, so that base station antenna 374 can be used for
receiving and transmitting signals. Output of duplexor 302 provides input to
“pilot channel recovery and filter module” 303 which provides input to the

individual channel receivers 332, 334, 336, 338, as well as “receive signal



“pilot channel recovery and filter nodul e" 303 which provides input to the
i ndi vi dual channel receivers 332, 334, 336, 338, as well as "receive signal
WO 03/ 030wO0D3PEAN1US02/ 30389 14 strength nmeasurenment nodulPeT/IB0A303Recei ve
signal strength 306 is coupled to input of comparator 308. [1034]

Conpar ator 308 al so accepts an input from adder 310. Adder 310 adds "base
threshol d" 326 from "maintain and adji4st cl osed-1oop threshold nodule" 312
and "threshold delta" 324 from "delta conputation nodul e" 314. Qutput of

e ot SR (R PUERT RIS Qo ORBbSIvEigh T stRAEHAGAG T cB0Bled

Corrparat or o iI's coupled to input of “generate up/ dovvn command

nodul e" erate up/ command nodul e 316 supplies "up/down
comuand” %Q@F’l{ tC W%ﬁrg’gy;xed with ' forvvard link data" 320 by way of MJX

3.18. Qutput of MJUX 318 is couledt0| 2
Vink 1 436a#hs bemparatss 30R R aEeRb Al MAHE LR RO Go RIS ¢
i nput" 350 can accept the FER or other decoder metri cs fromon PJ t he

reverse ladus fasei taeshclge 626tfr@mf‘ir@alﬁmr?éldsaﬁlusbﬁ}ﬂsﬁgrloelﬁdmﬁﬁ 90 such as
R-FCH 348, R-DCCH 346, R- SCHl1 344, or R-SCH2 342. FER and ot her decoder

metrics GhofuleCH134hd theoshioltideka’ 384 RoRCitiatencalnpatationdaoddle? 3348.
Simlarly, FER and other decoder netrics of R DCCH 346, R SCHl1 344, and

R- SCH2 3%1*&;“? oﬁgdggv%q@ PovRREDAutLI6p det PaRitS 388Gor 38rhpasaidr 388,

respective ul ator-decoders 332, 334, 336, 338 receive input from

out ut - ofoSBLSERLuIR I 1 bbudSaEOTbaL P FqstEraRe Lol Aay eoinat {11 ter

nodul e 3 I'nk ¢ op pome control seeks to

adj ust the :
module” 316. Generate up/down command module 316 supplies “up/down

command” 362 that is multiplexed with “forward link data” 320 by way of MUX
318.. Output of MUX 318 is coupled to input of duplexor 302 for forward link
transmission.

[1035] “Maintain and adjust closed-loop threshold input” 350 can accept
the FER or other decoder metrics from one-of the reverse link physical layer
traffic channels or control channels, such as R-FCH 348, R-DCCH 346, R-
SCH1 344, or R-SCH2 342. FER and other decoder metrics of R-FCH 348
are produced by R-FCH demodulator-decoder 338. Similarly, FER and other
decoder metrics of R-DCCH 346, R-SCH1 344, and R-SCH2 342 are
produced by demodulator-decoders 336, 334, and 332, respectively.
Demodulator-decoders 332, 334, 336, 338 receive input from output of
duplexor 302 as well as from pilot channel recovery and filter module 308.
[1036] The reverse link closed-loop power control seeks to adjust the
transmit power of mobile unit 100 so that the received signal strength is close
to outer-loop set point 322. In one embodiment, the reverse link closed-loop

power conirol adjusts the power transmitted by mobile unit 100 via an



transmt power of mobile unit 100 so that the received signal strength is
close to outer-loop set point 322. In one enbodi nent, the reverse |ink

cl osed-| oup 03fosnser control adjusts the power transmtted PETMSbY/Bwsunit 100
via an WO 03/030401 PCT/US02/30389 15 up/down command. Base station 380
sends an up command to nobile unit 100 if receive signal strength 306 is

| ess than or equal to outer-loop set f®int 322 as determ ned by conparator
308. O herw se, base station 380 sends nobile station 100 a down command

when recéiyifiofhGRhmahtSBAdy Iflioha@EEMSEliRBoRIAId lomDIetuol Nt 322
as determ'ne y conparator 308. [1037] In the reverse link closed-I|oop
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power control maintains and adjusts base threshold 326 that is used by the
cl osed- | oupbijlewtatiaroiOPoa . domwe comraand oupeh seesive ignaltrepgtnsitd Kase
threshold 326 for the closed-loop power control to maintain a target FER
or ot her dreaterqhah outerfloop sbepointa22 asatetermained by comaparaias 308r esent nore
persistently. In this exanple, these are the RRFCH or the R~ DCCH. In one

enmbodi menfyo37Ri NiRitRe aRNerd YAk dlbSsRRobopowbhicentrol, dthenmetigive Sijpabper at es
as foll O\r/\ﬂ!s: :7? t he FER happens to inc[rbggsg, mai ntain and adj us?ﬁ P

cl osed-1 ogp, {41 e5RakdrdMREh fotitfe |9UF FASRLESShd BRSS! c3RR Bignal

strength 306 by estimating

E .

4

I,+N,’
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where E, is the pilot energy per chip, I, is the interference power spectral

density and N, is the noise power spectral density.

[1038] The outer-loop power control maintains and adjusts base threshold
326 that is used by the closed-loop power control. The outer-loop power
control adjusts base threshold 326 for the closed-loop power control to
maintain a target FER or other link quality for the channel or channels that are
present more persistently. In this example, these are the R-FCH or the R-
DCCH. In one embodiment, maintain and adjust closed-loop threshold
module 312 operates as follows: If the FER happens 1o increase, maintain
and adjust closed-loop threshold module 312 increases base threshold 326 by
A up 204. Otherwise, if the FER happens to decrease, maintain and adjust
closed-loop threshold module 312 lowers base threshold 326 by A down 206.

[1039] When mobile unit 100 is transmitting on the R-FCH, the R-DCCH,

or both the R-FCH and the R-DCCH, base threshold 326 is used as the outer-



A up 204. O herwise, if the FER happens to decrease, maintain and adj ust
cl osed-1 oop threshold nodul e 312 | owers base threshold 326 by A down 206.
[ 1039] WwO ogobidbe unit 100 is transmitting on the R-FCH, PCRAISR/B3EH, or
both the R-FCH and the R-DCCH, base threshold 326 is used as the outer WO
03/ 030401 PCT/ US02/ 30389 16 | oop set point directly to drive the

cl osed-| oop power control. This is doge in FIG 3 by setting threshold
delta 324 equal to zero. [1040] Wen nobile unit 100 is transmtting on a

plurality,gf sﬁpﬁeg}?loﬁ'gf:ggg% _dﬁ(/e & Elds2fiBodh JoRr@onRoPCTHIs3Edree moupl ed to

mai nt ai n ‘and adj u oop threshold input 350. Generally, in

| S- 2000, ile uni.t 100 r } n.(R=E 348 and R-DCCH 346 nore
frequentl@%ﬁﬁé’ﬁ 4ng |S?Sh?¢9a‘ﬁé'\%tnéé‘?8 A szgg’n R-SCHL 344 or R SCH2 342
since their availability.is .contingent .gn the ayail.abl.e I ystem
r esour ces104Qbi c¥yhen "}%’HPI%‘“UW%( st "?'ﬁ%i‘lgs(?ﬂ ??Ylﬁﬁl"hé-%ah%ﬁbé@’ gré - SCH2
342 when the nobile unit receives authorization by base station 380 after
meki ng a ofeB:REGH. 348 ar FERuPf R-B&SeH 3biis saupied id maiain @ndi AduUskthedul ed
begi nning and end of the R-SCHL or R~ SCH2 transm ssions. By using the FER

of R-FCH @4SedlodpEfebh&dDP@dt 3BH aGeapraliypun Se2000,nmahileanait atfjlust
cl osed-1 oop threshold nodul e 312, the systemshown in FIG 3 overcones the

limtati Sl BRLECANt 348 2inis RLDESCIHP B46HRBre irsgudeatly andRredfirly
denodul aﬂ?%ﬁg?ﬁthF%&stemdul ator 332. [104%(1 As )r/nsnti oned

oot han B rdEuls oA RS ERY 646 o AiSGito domebilee, tRACAANBAINPHS channel

i's assign I'ctransmt power level relative to the transmt
P o ¢ oo PR el S0 by T, b i Lo the
100 transmits on R-SCH1 344 or R-SCH2 342 when the mobile unit receives
authorization by base station 380 after making a request. As a result, base
station 380 is aware of the scheduled beginning and end of the R-SCH1 or R-
SCH2 transmissions. By using the FER of R-FCH 348 or FER of R-DCCH
346 as an input to maintain and adjust closed-loop threshold module 312, the
system shown in FIG. 3 overcomes the limitation of insufficient statistics for
FER provided by R-SCH1 demodulator 334 and R-SCH2 demodulator 332.
[1041] As mentioned previously, for the 1S-2000 reverse link in general,
each type of channel is assigned to a specific transmit power level relative to
the transmit power level of R-PICH 122. Also, the transmit power level
relative to the transmit power level of R-PICH 122 varies according to the
desired FER and other factors. In general, the desired FER of R-SCH1 152
(R-SCH1 344 in FIG. 3) and R-SCH2 162 (R-SCH2 342 in FIG. 3) in IS-2000
is 5%, while the desired FER of R-FCH 132 (R-FCH 348 in FIG. 3) and R-

DCCH 142 (R-DCCH 346 in FIG. 3) is 1%.



desired FER and other factors. In general, the desired FER of R SCH1 152
(R-SCH1 344 in FIG 3) and R-SCH2 162 (R-SCH2 342 in FIG 3) in 1S-2000 is
5% whi | ewDla/08i88i red FER of R-FCH 132 (R-FCH 348 in FI G P8)/tsn2i30@89 DCCH
142 (R-DCCH 346 in FIG 3) is 1 % W) 03/030401 PCT/US02/ 30389 17 [1042]
Since the data rates are different, R SCH1 152 (R-SCH1 344 in FIG 3) and
R-SCH2 162 (R-SCH2 342 in FIG 3) trawmt with different pilot reference
level s than those for R FCH 132 (R FCH 348 in FIG 3) and R- DCCH 142

(R DCOCH 3 ‘642)} mbghqé}he aa@% 6%@5 ArBC@i¥RNT BOSCHIt 1820(R-SIOB1 S0 d be

di fferent e unit transmts on a plurality of channels. Thus,

when m)bl i<y S tion
380 canno lqug @%@@L@:ié%gﬁrsﬁgﬁée f(’r)ﬁf)l(%e )qpa%?ﬂ\gﬂgddl @ﬁ@%ﬁ e unit
100 is not transmttin Iur en a being
sent on mRigrEACEIoVES @98 for %{)Eﬁé" 35? @F &E—L%ﬁﬁemﬁ&l\l_\@ §ﬁ§ T R SCH2
342. Therefore, base threshold 326 produced by maintain and adhust cl osed-
| oop t hr eBB@HI 1#ad(R-OCEH 846 intFlCeddi | Jhak ifbi receeatigalopirenBn 39§ er ent

desired receive R PICH signal strength 306 when nobile unit 100 transmts

on a pl urghodly bef differmtelien MbBAGIunitm G tansimiis pnop piurglitycaf ehannelsr t he
different data rates, desired FER, and desired received signal strength

when nobi tflb%ﬂﬁﬂ@@tr@ﬂsnﬁts%mé [iitaYityodf eeainedd, haskastationt at i on
380 adds ?ﬁ?%gﬁﬁ Iqc]ll.@(gzlbellta 324 to base thrgjshol 326. Thr eshol d delta 324 is

suppl i od o debbar AR Re! 48 SBAY! Fuerdbbp SO o RERNALh AomRruhie 314

det er m ne = ('maxr mum o ference |l evels of the

reverse | |10(l)< is not transmitting on a plurality of channels, i.e., when data being sent on

R-FCH 332,R-DCCH 336, or both but not on the R-SCH1 344 or R-SCH2

342. Therefore, base threshold 326 produced by maintain and adjust closed-

loop threshold module 312 is not readily usable because of the different

desired receive R-PICH signal strength 306 when mobile unit 100 transmits
. on a plurality of channels.

[1043] In order to properly account for the different data rates, desired
" FER, and desired received signal strength when mobile unit 100 transmits on
- a plurality of channels, base station 380 adds threshoid delta 324 to base

threshold 326. Threshold delta 324 is supplied by delta computation module

314. Delta computation module 314 determines

threshold delta = (maximum of pilot reference levels of the reverse link
. traffic channels) -
(pilot reference level of R-FCH),
where the maximum of pilot reference levels is the highest pilot reference
level required by all the simultaneously transmitted reverse link physical layer

traffic channels by mobile unit 100. Threshold delta 324 is added to base



traffic channels) (pilot reference |level of R FCH), where the nmaxi num of
pilot reference levels is the highest pilot reference |evel required by
all the swowBwaeobusly transmtted reverse |ink physical Payarso2/sesdfic
channel s by nobile unit 100. Threshold delta 324 is added to base WO

03/ 030401 PCT/ US02/30389 18 threshold 326 by adder 310 to form outer-1oop
set point 322. Threshold delta 324 it8 used to conpensate for the
difference in the pilot to traffic power ratios between R-FCH 348 and

R-SCHL 3 §é3'6§, étfcﬁe 1@y kot R MBRE-Rop it tpdirt 322anFhidshbligdelta a
plurali t?/tﬁo chan el reshol d delta 324p| S tcr))nl y added to base threshold

326 when L) g%’e'tdn@ %ﬁ?@a&%r@%@ @uﬁér‘é‘?mc%rl "%hé)\oﬂét%' ttré(ﬁnc%fomfé*ﬂ@af@, S.

Q her wi s ransmt single channel, base

station 380 sets th shol d 4 ze a es not
2dd i1t PeHeEn R0 48 RGP o4 Al %aééﬁz-[ 3%4%%% dfp mafiiF S

t he schedul ed begi nni ng and end of the R-SCHl _or RSCH2 transm ssions, the
system i ruiil & transmiitting core apalbrality fof rghaanglss wiheeshild Hialigeesd 9, ol d
delta 324 set to zero and threshold delta 324 not set to zero when the R-
SCH1 or Ry o lrarspninssswid 328gvhreratie rmobile Thitisstraosmiting ohia pluelitbss of
efficiency when this switching occurs in the present invention. [1044] FIG

4 i1l ustrgtgsakhdls OWdidehwieb, e thehendisileannieid aginsenittingf o fee singteesent
i nvention. Base station 380 starts the procedure at 402. In step 404, base

stati on 330, 56 Sp LI eRohos!dcRs HbshBIG6iRa A 56 | AMaiAfablaan vai t s

for next request from no station 100. Once a request

for tr ansgéesssh&“a&i‘ it Bass thleshord 555! Agai; 8Int8haddAsiitish 38b Wandfe

of the scheduled beginning and end of the R-SCH1 or RSCH2 transmissions,
the system in FIG. 3 is also capable of freely switching between threshold
delta 324 set to zero and threshold delta 324 not set to zero when the R-
SCH1 or RSCH2 transmissions begin and end. There would be little loss of
efficiency when this switching occurs in the present invention.

[1044] FIG. 4 illustrates a flowchart of according to an embodiment of the
present invention. - Base station 380 starts the procedure at 402. In step 404,
base station 380 sets threshold delta 324 to zero, base station 380 then waits
for next R-SCH1 or R-SCH2 request from mobile station 100. Once a request
for transmission on R-SCH1 or R-SCH2 is received, base station 380
proceeds to step 406.

[1045] In step 408, base station 380 authorizes mobile unit 100 to transmit
on R-SCH1 or R-SCH2, such as R-SCH1 152 (R-SCH1 344 in FIG. 3) or R-
SCH2 162 (R-SCH2 342 in FIG. 3), for a fixed duration and start time. Base

station 380 then proceeds to step 408.



proceeds to step 406. [1045] In step 406, base station 380 authorizes
nmobile unit 100 to transmt on R-SCHL or R-SCH2, such as R-SCH1 152

(R SCHL 30 033HE)G 3) or R SCH2 162 (R-SCH2 342 in FI G PBY/USHHB038 i xed
duration and start tine. Base station 380 then proceeds to step 408. WO
03/ 030401 PCT/ US02/30389 19 [1046] In step 408, base station 380
determnes threshold delta 324 to usefgat start time by way of delta
conput ati on nodule 314. Step 408 is presented in nore detail in the

f1owchart 1%f4s 'Gmg Tﬁbgs&s&éﬂsﬁﬁbﬁ@sé?odet@mnagweshbrde@éw B BRHuss e added
t oget her y adder to formouter-loop set point 322. [1047] In step

410, base tatlon 80 co ceent I

LI xed duLﬁ ‘?t@g témﬁz)y Wy %geﬁ%§ﬁh ulﬂé[?orb@;og[ﬂsécg | ‘on é%%%% plrOpt |%;: | yt e
etect the end of transm ssion on th u S On

the dur at iNoM@&AdJEetalinaihee HWP‘éaraéffegltcgdé g‘?ﬁje%gﬂﬂe:g%‘} @tﬁ'd é}g%t i o?\e
base station 380 proceeds to ste 412. aA;£§11048 In step 412, base station 380
sets t hr etthreshbld 82Ghar2 added i@@Qi enly fo foyen ﬁkﬁ@tr l%QR)ﬁPEHBWF al

traffic channel request. Upon receiving a request for supplenental traffic
channel, gggh as R-SCH1 152 (R-SCHL 344 in FIG 3) or R SCH 162 (R SCH2
342 in FIG 3), base station 380 proceeds to step 406. [1049] FIG 5

i1 1ustrat ffo@qf | Quwcdiap 410l base shalores8m dbABles frlisé butsitioep sst psintp 408 i n

nore deta he proceduré begins at step 502. In step 510, delta

conput at i gp, Thdilfe Jka108EREBH Wiist MBI k&P tibd, Ttbe JiBti6R ARSI t a

optionally detect the end of transmission on the authorized R-SCH1 or R-
SCH2. Once the duration ends, or an end is detected before the scheduled
duration, base station 380 proceeds to step 412.

[1048] In step 412, base station 380 sets threshold delta 324 to zero and
waits for the next supplemental traffic channel request. Upon receiving a
request for supplemental traffic channel, such as R-SCH1 152 (R-SCH1 344
in FIG. 8) or R-SCH2 162 (R-SCH2 342 in FIG. 3), base station 380 proceeds
to step 406.

[1049] FIG. 5 illustrates a flowchart of another embodiment that illustrates
step 408 in more detail. The procedure begins at step 502. In step 510, deita
computation module 314 determines threshold delta 324. Threshold delta
324 is equal to the maximum pilot reference level of all currently active
reverse traffic channels minus the pilot reference level of R-FCH 132 (R-FCH
348 in FIG. 3) or R-DCCH 142 (R-DCCH 346 in FIG. 3).

[1050] In step 512, threshold delta 324 is added to base threshold 326 to
produce outer-loop set point 322. Outer-loop set point 322 is then used by

comparator 308.



324 is equal to the maxi mnum pilot reference level of all currently active
reverse traffic channels mnus the pilot reference level of R FCH 132
(R-FCH 3wBmwm3HEHIG 3) or RRDCCH 142 (R-DCCH 346 in FIG 3BCI/(si93B39 I n step
512, threshold delta 324 is added to base threshold 326 to produce
outer-loop set point 322. Quter-loop set point 322 is then used by

conparat or 308. WD 03/030401 PCT/ USOZ®0389 20 [1051] Base station 380
proceeds to the end of the procedure at step 520. Note that in the case of

maki ng o 00 t | M vin
R- FCH an(L)tLl ﬁgﬂ nggc?%?ysltm?% | ot QEI%ZP g%tg\gggqhg\r}gm%mﬁégﬁ&é? gngR- D%O—l'

E{i&fﬁgd Zb'o etﬁ%"g%&ﬁrﬁ rﬁrﬁkrr@t?Lﬁ§ﬁ§e%25§%%d°‘ﬁ“[e%§§rﬁﬂ§ Gs’tvreﬁé*f K mnmer
ve,
mal 1 - chabi0s &0 Bl baT Rav B P DB RED i POt Fore a%%ég VLot 1 in the

art would understand that i nformatron and signals m represent ed usi ng
any of a RdiCltor BD@CH dn extep 15IOhisoeplsiced Q%hd’licéd?ﬁ#% npl e,
data, instructions, comands, information, signals, b| ts, syrrbol s, and
chips thaFCHH)ﬂubQoltlﬁ H—Eﬂm@quhemlnmrtcmtiaualhmtransr«aieeidrpt ion may be
represented by voltages, currents, electronagnetic waves, magnetic fields

or partic@e,g ] OPtiHgal ki %@%Qﬁn@ardebérr@éd atro@nytreon’wmbnomd\h@ésaof

_[|1|053% TP_ f skil'l woul d further appreci ate that the various
illustratjyv
descri bedmieﬁ1 do%ﬁ%%@ba%'% E%‘g!jfér\rfgﬁét%ﬁ@f sc osecfgﬁg\?vgr'gbﬁgpse

LgP Lenrla_gt_(gﬁ%%s pi/s g}er at gvou W%(rjgr‘stacr? 2 er{fo?r%ﬁcyr?ﬁﬁd s?dna(fé) W ions of

represented using any of a variety of different technologies and techniques.
For example, data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any combination thereof.

[1053] Those of skill would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described in connection
.with the embodiments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate
this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. ~Whether such functionality is
implemented as hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular



this interchangeability of hardware and software, various illustrative
conponents, blocks, nodules, circuits, and steps have been descri bed above
general | ywpresoamps of their functionality. Wether such f @a@Eusonaissey is

i npl ement ed as hardware or software depends upon the particul ar application
and design constraints inposed on the overall system Skilled artisans may
I npl ement the described functionalityiin varying ways for each particular
WO 03/ 030401 PCT/ US02/30389 21 application, but such inplenentation

dect s! ons,opigkhidh. "k fien! i%@%@%ﬁ%ﬁﬁn%ciﬁ@%@%uﬁ Hep ekt iMt@ploteddshe scope

of the pr I fvent1on. The various i1llustrative |ogical blocks,
nodul es, and. cirguit scrib ' Lan Wikt he enbodi ments

di scl osedHENS ‘?18%?3'6@%?%‘1%%gﬂ'bga%:ﬁ{én%%rgkﬁgrﬁ%w\nbdh a general - pur pose
processor, a digital signal, processoriféﬁ)s ,,an application specific

i nt egr at 440341 cuiTbe( xgrieys Blusiralive oo aaﬁ’ﬁﬁ?’e @Eﬁ\éfeﬁrr%}d(%%ﬁ'aﬁxgs or ot her
programmabl e | ogi c device, discrete., gate or transistor |ogic, discrete
har dwar e describeénins coonection witbnthe miedimests sfisclesedy atetno MY B8 m t he
functions described herein. A general -purpose processor may be a

m cr opr oGgp¥thentedt or perfdvenad tvithrengemeral-puleoger pressor, reaglighiel sigpal
conventional processor, controller, mcrocontroller, or state machine. A

Processor, ARYs&YS @P)f,i%'@@Bﬁﬁ@n%@ifr@omé@@&é@mimﬁit CABIOY} iandieltevi ces,
a

e.g., a conbrnation o DSP and a m croprocessor, a plurality of
Cor e, "or g eB (e CBhFy gUFAERL O RIBRE PipERRnaRE 196 "elioed o
T Sage bl FRSRL e e naFONERS Mot B cdhyer o

‘combination thereof designed to perform the functions described herein. A
general-purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontroller,

. or state machine. A processor may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with
a DSP core, or any other such configuration.

[1055] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor such the processor
can read information from, and write information to, the storage medium. In

the alternative, the storage medium may be integral to the processor. The



sof tware nodul e executed by a processor, or in a conbination of the two. A
software nodule may reside in RAM nenory, flash nenory, ROM nenory, EPROM
menory, BEYPRONB@eNDry, registers, hard di sk, a renovabl e #CIH]S0A3038&D- ROV|
or any other form of storage mediumknown in the art. An exenplary storage
mediumis coupled to the processor such the processor can read information
from and wite information to, the f#orage nedium In the alternative,
the storage nmedium nay be integral to the processor. The WD 03/030401

PCT/ USO?/p’fB?zéQsor é;gﬂfécgﬁﬁﬁ%%%@buamemy%@% Aeah UBITRY TheSASKE imayan ASI C.

The ASIC 'ma resi In a e unit base station transceiver, or

satel | }Tg[?” HRIPRSTBin LA A5 SalBH BBk 6 BABRRS SeneBpRdh eyt o age

rrponen S In’a user termn 1056] The
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Various nodifications to these enbodinents will be readily apparent to

t hose skidrhponéntsimha user feranaak he generic principles defined herein may be
applied to other enbodiments w thout departing fromthe spirit or scope of
the inveriogs] - Thespreviowispdeseeption of ére discldsednemnbodinerdeds provided i mi t ed
to the enbodi nents shown herein but is to be accorded the w dest scope

consi Ste étnetdhg é%"sbﬁfékﬂlb@slnané d10vemdkeasiunss tité pesssednventionn. [ 1057]
Thus, and paratus for multi-channel reverse link outer- |oop power

(I;CC):?'} Lgi) 2?@%@%‘856 FIbARSEEhE 8 thdd dmbsdirkér e loe re48i) Hppakti Yo 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.
.[1057] Thus, method and apparatus for multi-channel reverse link outer-

-loop power control have been described.

WHAT IS CLAIMED IS:



23 CLAIMS 1. Areceiver in a wireless comunications systemincluding a 2
reverse |ink fundanental channel and a reverse |ink supplenental channel, ,
sai d recewoas/os@ppri sing: 4 a delta conputation nodul e coRCIrgisnzsn3sd
produce a threshold delta; a nmaintain and adjust threshold nodul e
configured to accept a franme 6 erasure rate fromsaid reverse link
fundanent al channel ; an adder configured2B8o generate an outer-| oop set

poi nt by adding a 8 base threshold outputted by said maintain and adj ust
threshol d nodule to said threshold d? t& gputted by said delta

conput ati on nodule; 10 a conparator c r!'TllgM ed to conpare said outer-I|oop
set point with a receive signal strength, an output of said conparator
being utilizedlto adj ueeeider 12 a mdreless cpowaunicatiensrsisiea undluding. aThe
receiver of claiml wherein said maintain and adjust 2 threshold nodule is

conf i g2r edeversadinkftindaindntal amanackand @ reybesd litknsapplemeptaachannkl, dedi cat ed
control channel. 3. The receiver of claim1l further conprising a generate

up/ down %a@@@%r&@mﬂri@id&i lizing said output of said conparator to
adjust said transmt power of said nobile unit. WO 03/030401

PCT/ USp2/ 30389 4 ece =] ai i ' hol d delta
is 2 gs)ubst ant iaa(fﬁéhf/i %%rﬁgﬁla{tlgﬁgh%cﬂl%g B?@%@ﬁ%@%@#% Qgﬁ%gﬁi@hg{?ﬁé‘ m nus a
pilot reference | e\{eJ of s%i d.reverse |ink func%aman al channel..
a maintain and adjust threshold module configured o accept a frame
6 erasure rate from said reverse link fundamental channel;
an adder configured to generate an outer-loop set point by adding a
8 base threshold outputted by said maintain and adjust threshold module to said
threshold delta outputted by said delta computation module;
10 ‘ a comparator configured to compare said outeriloop set point with a

receive signal strength, an output of said comparator being utilized to adjust a

12 transmit power of a mobile unit.

2. The receiver of claim 1 wherein said maintain and adjust
2 threshold module is configured to accept said frame erasure rate from a

reverse link dedicated control channel.

3. The receiver of claim 1 further comprising a generate up/down
2 command module utilizing said output of said comparator to adjust said

transmit power of said mobile unit.



5. The receiver of claim1l wherein said threshold delta is set to 2 zero
when said reverse |ink supplenental channel is not received. 6. The

recei ver Wb oslozidsm 1 wherein said receive signal strength PEST/UBDBM3RULL ed by
a receive signal strength neasurenment nodule. 7. The receiver of claiml
wherein said maintain and adjust 2 threshold nodul e raises said base
threshold by a O up when a frane eraspge occurs. 8. The receiver of claim
1 wherein said nmaintain and adjust 2 threshold nodule | owers said base

threshol d by a,0 doyfiuetbider! I TBlairf! A4S WiodftPSsd)a" 1AESHEI Yetdhes 1 ecel ver

of claim6 wherein said receive signal strengt measur enent nodul e

Cacei vbr ool S8 b Jiieh REIRDSEF telelobiy Shenfd s dibiologu o

stores sai d base threshold. WD 03/030401 PCT/ US02/ 30389 25 11. A net hod
for generEﬁ?frﬁj‘CQ lgval gb paigh @‘Hﬁfset'ﬁ‘kr{é}f‘%m&ﬁ&ﬁ icheBPelerence 2 ratio in a
recei ver, said nethod conprising steps: detecting a franme erasure froma
reverse |ink fundanent al channel; 4 neasuring a frane erasure rate;

mai nt ai ni ng and adj usting a base threshold; 6 determning a threshold

del ta; adding sai d Theasbeiver d¢ldaint ¢ wherbihasi theehbldl deltoipsetitce a
outer- 8 | oop set point.

2  zero when said reverse link supplemental channel is not received.

6. The receiver of claim 1 wherein said receive signal strength is

2 outputted by a receive signal strength measurement module.

7. The receiver of claim 1 wherein said maintain and adjust
2 threshold module raises said base threshold by a A up when a frame erasure

OCCuUrs.

8. The receiver of claim 1 wherein said maintain and adjust
2 threshold module lowers said base threshold by a A down when a frame

erasure does not occur.

9. The receiver of claim 6 wherein said receive signal sirength
2 measurement module estimates a signal strength of a reverse link pilot

channel.

10. The receiver of claim 1 wherein said maintain and adjust

2 threshold module stores said base threshold.



12. The method of claim 11 further conprising a step of conparing 2 a
receive signal strength with said outer-loop set point. 13. The nethod of

cl ai m 12 woroglaxoconpri sing a step of sending an 2 up co®EaA$02/80389 nobi | e
unit when said receive signal strength is less than said outer-Iloop set
point. 14. The nethod of claim 12 further conprising a step of sending a 2
down command to a nobile unit when sapsl receive signal strength is greater
than said outer-loop set point. 15. The nmethod of claim 11 wherein said
threshold delta is 2 substantially equal to a pilot reference |evel of a
maxi mumrate channel mnus a pilot reference |evel of said reverse |ink

ci'aim 11 wher er safdNALPACPT HEerp0 el S 0 Bdiktand BARRROT

erasure froma reverse |link dedicated control channel. 17. The net hod of
clai m21 falioiRe regaivst said gneihed epmprisHid ¥BR$ning 2 . when a nobile unit is
transmtting using a plurality of channels. 18. The nethod of claim 17
wherein said tHetestiog @ foane grasuredrorn @ regetserlinkiupdaggntal @bpnnel; unit is not
transmtting using said plurality of channels. 19. The nethod of claim12
whereiq said rgrgisving iadr@hesrasurgtrite;s 2 determined froma reverse |ink
pil ot channel. 20. The nethod of claim 1l wherein said maintaining and

adj usting 2 t{{AKBRICY 8hERCURTRGISIESsthiésivl@f rai sing said base threshold
by a A up when said frame erasure is detect ed. 21. The nethod of claim 11
whereig sai d MgLRiRAIhG S ARLHBM dshd;"O

adding said threshold delta to said base threshold to produce a outer-

8 loop set point.

12. The method of claim 11 further comprising a step of comparing

2 areceive signal strength with said outer-loop set point.

13.  The method of claim 12 further comprising a step of sending an
2 up command to a mobile unit when said receive signal strength is less than

said outer-loop set point.

14.  The method of claim 12 further comprising a step of sending a
2 down command to a mobile unit when said receive signal strength is greater

than said outer-loop set point.

15. The method of claim 11 wherein said threshold delta is
2  substantially equal to a pilot reference level of a maximum rate channel minus

a pilot reference level of said reverse link fundamental channel.



2 threshold step conprises a step of lowering said base threshold by a A
down when said frane erasure is not detected.
WO 03/030401 PCT/US02/30389
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16.  The method of claim 11 wherein said detecting step comprises

2  detecting said frame erasure from a reverse link dedicated control channel.

17.  The method of claim 11 further comprising a step of determining

2 . when a mobile unit is transmitting using a plurality of channels.

18. The method of claim 17 wherein said threshold delta is set to

2  zero when said mobile unit is not transmitting using said plurality of channels.

19.  The method of claim 12 wherein said receive signal strength is

2 determined from a reverse link pilot channel.

20. The method of claim 11 wherein said maintaining and adjusting
2 threshold step comprises a step of raising said base threshold by a A up when

said frame erasure is detected.

21.  The method of claim 11 wherein said maintaining and adjusting
2 threshold step comprises a step of lowering said base threshold by a A down

when said frame erasure is not detected.



