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DI VI SI ON DUPLEX COVMUNI CATI ON SYST ention generally relates to
spread sp&®PUHSTS ne di vi si on dupl ex (FI®BY« communi cati on sPATERIVOREY e
particularly, the present invention relates to 5 a system and net hod for
controlling transm ssion power within TDD conmuni cation systens. Figure 1
depicts a wireless spread spectrumtinme division duplex (TDD) communi cation

system T. I i i ons - 30~ ase
station %iﬁﬁ:ﬁﬁﬁé@?@%@ﬁ?@%ﬁ&ﬂ%@ ASDE D1y ISfO
operating 10 area. ComRLERX (M AEIEQNISYMIEMase station 301 to a
UE 321 are referred to as downlink communi cations and c ications
transmtted froma UE 321 to a base station 301 are ref EW{M’MM@W pl i nk
comuni cations. In addition to BAGKGREUND over diffe y
spectruns, spread spectrum TDD systens carry nultiple conmuiepaat i ons over

the sanme spectrum The 15 nultiple signals are distinguished by their

respective chhﬁ]sco e sequences. (cpdes). Al s@, to nore effici.ent use the
praad spect rifs FEE EGUEEREST \ERGIY stlshtisn Rl Bn% GLANPE RS
frames 34 divided into a nunber of tinme slots 361-36",, such as fifteen

time sl difPD) eomusinicasmesystenss. ddionepaciatiiaoly, itlse present invertiec tedates tore sl ot s
361- 36" using selected codes. Accordingly, one frame 34 is capabl e of

carryin i i ] LSkl i TEPH R hdiEn; 361- 36"
a%d codgeh.s%/ eg]lj %ideﬂkﬁ\ﬁg%@@hg@t%@%ﬁ %i}ﬁ%gﬁé Sl ngPe codgér?éln a
single tine slot is referred to as a resource unit. Based on the bandw dth
requi r edYfl§M$upport a conmuni cation, one or nultiple resource units are
assigned to that comuni cation. Mst TDD systens adaptively control

transmi ssi on Figweé 1 @e‘é;ﬁl:@-a bilrlesS I3 ncb VS Tl TRAVY FORIBUEAEL ATPIRY share
the sane tine slot and spectrum en a UE 321 or base station 30, 1s
receiving a specific comuni cation, all the other comuni ¢atjons_using the
sane ti RONANBRICAHPR SYHERY r Lis tubiers hapedlpalignetbass %t%o%f'pé@i'@&n Each

comuni cation, Increasing the transm ssion power |evel of one communi cation
degr adeshasb6tasiod 3@, canphidi¥aet waltl uset Bghipe MW ER 3DP32 Wntilki dpeidiatg ~0 time
sl ot and spectrum However, reducing the transm ssion power |evel too far

sults in undesirabl e signal to noise. ratios é% Rs% 3Il}it_err.or ({ates
E ERs) C3-heCPERENGaLQns Hansmiftad fom ghase #iaE0R Hnde a4l greoeterre
communi cations and | ow transm ssion power |evels, transm ssion power

control tbssdsedlinR@npnhacbnsshd gombranscdtisisarhngmited Gom o AJE 88, ®o code
division multiple 15 access (CDMA) comruni cation systemis described in

U. S. Patent Ng.t. 5,&%6, 109. (G| houseg Et a % A)étransm'tter sends a
comruni PEA Y aﬁr?ir?:ii? §Fl P agupya .CO{FBB PiFR %’bst‘i on, the received signal
power is neasured. The received signal power is conpared to a desired
recei ved si grial aduoten to Basedunicatiinge overmdédiférsnn frequeneyt spécthims,i premht to
the transmtter either increasing or decreasing transm ssion power by a 20

fixed aﬁg#&‘%umsl@ﬁ% ybBfhs GRS Nt p &R min RANbh O & 1HE @ mE Spdchgint FARSM tLer

to cont

15 multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeating frames 34 divided into a number of time slots 36,-36,, such
as fifteen time slots. In such systems, a communication is sent in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capable of carrying

20 multiple communications distinguished by both time slot 36,-36, and code. The use



the transmtter's power |evel, such power control techniques are comonly
referred to as closed | oop. -2 WO 001 57575 PCT/ USO0/ 07477 Under certain
condi ti onSVOOH&7SFer f or mance of ' cl osed | oop systems degr adesECHBFOOOAE T ance,
i f communications sent between a UE 321 and a base station 301 are in a

hi ghl'y dgharingpleouds dnasiigle suehslasisdoferied tohs ddesddiennivi. Basediushiiry st ens
may not be able to adapt fast enough to conpensate for the changes. The
updat e rat e, of cl ased | oo ower control in a typical TDD systemis |00
cyctes o Bl aliRetio SPRGR T m IR opoPnf at i e s unis ffghre
Accordingly, there is a need for alternate approaches to maintain signal
qual i ty assdgneswotthansmmarindcatipower | evel s. SUMVARY f0 The invention
controls transmi ssion power levels in a spread spectrumtine division

dupl ex conmmuni .'I‘ﬁ‘D L.QnN. 1 i i £ transyAts a
conmuni cat i oni\f(c?)stta se?g%@ggﬁﬁtﬁ%lgﬁ) gﬁgs%ﬁ%%%%f@&e&{é%clgg S‘sgrgflﬁ?nb

recei ves the communication and nmeasures its received power |evel. Based on,
i A part, SYshny Beay veduovmeaneramay sherepbasamedime skridindrpecowminvdgni on' s
transm ssion power 15 level, a path loss estinmate is determ ned. The
transm sgiypm 3O Has8\%eltidnos0 & HELati for Imig; n ' to the
first station I's seflts basleél on‘?lsiqﬁgéppgr tg,:gv%glegﬁltci ng thgl%gt%ﬁ’ ?gggé‘tggﬁ?nate
and a long term pathl oss estinmate. $RI EF DESCRI PTI ON OF THE DRAW NGS 20

Fi gure 1COMMHYeHINS ysipg ity sape tmmpsloy ndperirgy eauze jinlegierengede thene
slots in repeating frames of a TDD system Figure 3 is a flow chart of

vei ght edsieefic | @RmMENETHIRONt T reasiBg  thA0 tRRshSsISn » pE@INSlQQépM?BnEI gure 4

is a diagram of conponents of two commrunication stations using weighted
open | oop power control. Figure 5 depict aph of the perfaqrmance of a
wei ght e UBBMNIGHIEN dpshdsdBp stemal evaudet rdaphhmpmeBifation $iTeMator a UE
noving at 30 kilonmeters per 5 hour (kmh). Figure 6 depicts a graph of the

ttor ee systrendot ped fpeomme HowederUkedueyinh thetrapdnission. pddrlekEDIdoESERI PTI ON
OF THE PREFERRED EMBODI MENTS f0O The preferred enbodinments will be descri bed

ol ement st tG OLRGI IS GEbddo soB Rt RS Rsl EEnERER-Gicks EEREI Mt nea

using the flow chart of Figure 3 and the conmponents of two sinplified
comuni ceecevierst al ponwimad, bollp the Spwalnqualityi glireemamufFsatione andl lowi ng
di scussi on, the conmunication station having its transmtter's power 15

cont r ol | @ehndiftis§iBheHdect 16 Qel8Suldigni i8R B cBAud! Aial, 112 and the

comuni cation station recelving power controlled conmunications is referred

to as the receiving . L ) .
ne approach using transmission power control in a code division multiple

15 access (CDMA) communication system is described in U.S. Patent No. 5,056,109
(Gilhousen et al.). A transmitter sends a communication to a particular receiver.
Upon reception, the received signal power is measured. The received signal power
is compared to a desired received signal power. Based on the comparison, a control
bit is sent to the transmitter either increasing or decreasing transmission power by a
20 fixed amount. Since the receiver sends a control signal to the transmitter to control
the transmitter's power level, such power control techniques are commonly referred

to as closed loop.



station 110. Since wei ghted open | oop power control may be used for uplink,
downl i nk or both types of communications, the transnitter having its power
control | ed?VQB8/5758 | ocat ed at a' base station 301, UE 321 or BSJ{¥S00/07477
Accordingly, if both ?0 uplink and downli nk power control are used, the
recei vi ng and Urdepseitiinicogdiiciisl O erkaiR@oe ot slo3ee ldqratsesinatehatiés. t he
base station 301 and UE 321. For as ai n estimating the path |oss

bet ween the receiving and.transm tting stati 11 12) the - WO

00/ 57575 PORFBaBH) bIAP PN R N HATeBh & Lo Se i BASSR 2t #6AT o « he
transmtting station 112. The communication nmay be sent on any one of

vari ous highiedynandigeneabhinent,3sueh IOusysthe TE BRemoharyehch sisains may
estimating path loss are referred to as reference channels, although ot her

channel s S lf .the receivin tation 1 i b ti-on 30~,
the comie:itie ¥ Fens s sPGukl €Lt e o aBs thingcs. e M uala FhP oy 2
Common Control Physical Channel (CCPCH). Data to be communicated to the

t$ ansmi telpsesl boatpoyrer kb trov ér a tymcaleFleDesystern ahdetydles perf sacoad whiclas
reference channel data. The reference channel data is generated by a

ref erenc : . T : n i i I n one
o il 11 g e3P LA RRGRE Shaitely ARCRUAESTARCR Enb REMGRER.

requi rements. A spreading and training sequence insertion device 58 spreads
t he ref etpmieechss 4o meaingan szgaaqumlumngri@wStparéausm@m PosieEdevids a
time-multiplexed with a training sequence in the appropriate tine slots and
codes of the assigned resource units. The resulting sequence is referred to
as a communi cation burst. The 15 comunication burst is subsequently
anplified by an anplifier 60. The_ﬁgiht;ksg conmuni cation burst may be
summed by a sum device 62 with aﬁ§ nmuni cati on burst created

t hrough devi ces, such as a data generator 50, spreading and training
$@quence i nseThé¢ divedduvh cenbrdlsapchsatipdibh ipeivebdevelhin s ypread specmumnitiaas i on
bursts are nodul ated by a nodul ator 64. The nodul ated signal is ~0 passed

tl u~ough,an.isqlator 66 and radi ated by .an antenna 78 as _ shown or.

2l +or nacdingriod AugisSteommanCafifs sBHph, X iR ARNeRa PG ru Rl s 2. o
passed through a wireless radio channel 80 to an antenna 82 of the
transm teamousicatioono 4 secortmmypeicafion StationD The/s6I& S tREIh HSEHV B THT 7
nodul ati on used for the transmtted comruni cati on can be any of the those

known toc&rﬂ%ﬁi%'ﬁbhl %ﬁil ﬁéa&&%.saigst (@é{%ﬂ ﬁ@w@% négdl. PBas&l ! i Jaryihg (DPSK)

or quadrature phase eyin he antenna 82 or, alternately,
antenna array of the transmtting station 112 5 receives various radio

f r equencipceivga pBINUrHeatiseparEer 18V e maddhasempupieiionHARSAISHON BOWEE or 84
to a denodul ator 86 to produce a baseband signal. The baseband signal is

ps ocesseldyels UCPatsIdRY cdtialddneldetshlin®l.i oThel@vhs@istfbrapdwar davé fstd mation
communication from the second station to the first station is set based on, in part,

weighting the path loss estimate and a long term pathloss estimate.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 illustrates a prior art TDD system.
Figure 2 illustrates time slots in repeating frames of a TDD system.

Figure 3 is a flow chart of weighted open loop power control.
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device 90, in the time slots and wth the appropriate codes assigned to the
comuni cation's burst. The channel estimation device 88 conmmonly uses the
10 trai ni WO 8¥ERFENCe conponent -in the baseband signal to prRA/EOEHEANel

i nformation, such as channel inpul se responses. The channel information is

used by the dRigurest |snatliagpardeyicoenRheattofrwaovsnitBASAi@TBRtiofevsiag 92.
The power | evel of the processed communication corresponding to the

ref erence ‘crzgg?# E)'sl'q i s neasured by the power neasurenent device 92 and
sent to ¥ GRED IO PAWFTPHER)i ce 94, 15 step 40. The channel estimation
device 88 is capable of separating the reference channel from all ot her

channel s. |f BiguetDodaiics miarjhm' nie perfdanae afra wejglitéd epen $oas epehor
processing the received signals, the neasured power |evel is adjusted to

correct hese d vi.ces eit t he Lenent
device 9 ra’{aﬁ %éac{]h Oé’sé ‘g%ﬁ f%f?l Sﬁsﬁgg fc%re @?Wdlq’%gy\g{)ﬁnﬁa@? path

|l oss, L, the transmtting station 112 al so requires the comrmunication's
tbansm thed (kovk). | evel, TRS. The transnitted power |evel, Tas, may be sent
along with the communication's data or in a signaling channel. If the WO
00/ 57575 PCT/*;J?Q@/ 7 : j o
conmuni cati on g% f%%@%ﬁ% %ljl ot i thﬁ%gsry S{cfzr\l/sf@&tfglgh%ef%r g% gﬁ? Vem‘bowe

| evel and sends the interpreted povver | evel to the pathloss estinmation

devi ce 9a.60 kmilhe receiving station 110 is a base station 30~, preferably
the transmtted power level, TRS, is sent via the broadcast channel (BCH) 5
fromthe base station 301. By subtracting the received communi cation's
power level, RTS in dB, fromthe sent conmunication's transmtted power

| evel , TR | 0ss e matl dev] 4 i S pat h

| oss, S@MEh&ﬁE&?ﬁ TI@H@ flEngﬁﬁétﬁﬁﬂ ﬁﬁ@ﬁfﬁﬁﬁwﬁﬁs a long
termaverage of the pathloss, L", is updated, step 44. In certain
$0tuations, Tk pﬁdeﬂédE:frﬁi@félﬂih&ﬂﬂsR@llltlftﬁdésfcﬁbéﬁn\,\tltlﬁﬂ:f@&\ﬁee td evelirawdn® TRS,
the receiving station 110 may transmt a reference for the transmtted
power | eyel the Ios estinmation de i des
et or encheiss tetq e ffRS s Beu IR erhihi HEoh B RN S BP8T e
path | oss, L~. Since TDD systens transmt downl i nk and upli nk

conmuni cpd)\ivcmritml whH bs arplainesiqusemgthed wee tharbpf Figare Sndidithe nempheerds

comuni cati ons experience are 15 simlar. This phenonenon is referred to as

l'i nk
[oF| PPk Yo BRI SHRERRSin R AR, A5 Rs SKOEALETRRAEY, Aol 1
estimated path loss to a desired received power |evel, a transm ssion power

| evel fofol®vdogrdis¢usaidnerihe rapmmbricatiansyiatian hgvisigaits GrANBIELEds phwer
receiving station 110 is determ ned. This power control technique is

i§f erreded rdRdas 1%@&*?6(} 20Rs AV arfs R stalBRM 1208Rd THE LRMBmANtion
drawbacks. If a tine ay exlsts etvve n the estlrrated path | oss and the

transm tted comuni cation, the path | oss, experi en db¥
statton receiving power controlled communications 1s re erre o0 as the receiving

station 110. Since weighted open loop power control may be used for uplink,
downlink or both types of communications, the transmitter having its power
controlled may be located at a base station 30, UE 32, or both. Accordingly, if both
20 uplink and downlink power control are used, the receiving and transmitting station's
components are located at both the base station 30, and UE 32,. For use in

estimating the path loss between the receiving and transmitting stations 110,112, the
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WO 00/ 57575 PCT/ US00/ 0?7477 the transmtted communication may differ from
the cal'cul ated | oss. In TDD where communications are sent in differing tine
sl ots 361V@00USHRe tine slot delay between received and tr d{SHYS00Ee77
comuni cati ons may degrade the performance of an open | oop power control

system rbeeciey snentFdsserdisandatksnictigiabithy urResiktiepeiticn UeYi The96 in a
wei ght ed open 'Toop power controller 100 determ nes the quality of the

estimated path.| The uaI ity .meas

wei ghts coB bbbt 3B e ool 3Ry 38 s S R RRES e SBMES. he 353Bhi oss,
L~, to set the transmt power |evel by transmt power cal cul ati on device
98, stepswy&mAthe Charstelaused ifor Estuatng , patihdosearghrefdrrepete b0 ogfepaneer
controller 100 consi sts of the power 10 neasurenent device 92, pathloss

t t
cot Lo S, S ML TR PR dPHSE A0 AT RO ARt
| oop power control algorithnms. The transmtting station's power level in

d&ci bel sstatem 30, sheieemnmimentionsis peelEpbdy sam over 4 Bowndink cORSnen ghannad) + L-~)
+ CONSTANT VALUE Equation 1 PRS is the power |evel that the receiving

station qqﬁj ng hng station's conmunication in
dB. PRS ci]%p?terﬁ’lﬁ?e dl élxég}ag??%ﬁ lg %#I??TARGET~ at the receiving

station 110 and the |nterference level, IRS, at the receiving station 110.
20 To det er ni Rata tleebg eompmureHed 9 dedransnrEIng statine Ildceveayithy refeesnicen,
recei ved conmuni cations fromthe transmtting station 112 are denodul at ed

by a dengithahaf & re@grreﬁﬂ't@ dseRibichRg cRasehanda SinatefefenRE AHARAEOdataYsh as by
a channel estimation _g W O 00l 57575 PCTNS00/ 07477 device 70 and a data

estimator devi n the time_ slots and pproprl at e code
assi gnedgf{r}?éatﬁag’b(sarﬁeﬁreﬁﬁe chapnebdaig g&aﬁfﬁmm%ét ’rfiaﬁée eXFCC M BASSIZAE ST mat i on

produced by the channel estinmation device 70 is used by an interference

reasur engid  slevtheRipld ie@odRieeninine bukel i o efhieercorgBuhiRdebn's | BéadWitigh channel
S information may al so be used to control the transmt power |evel of the

t at h l. f t t. t
ct | mt | BAUTEVIER. 78 Serding AAam RIngoRanees BaPHdrDE et PASTARE S dat a

estimation produced by the data estinmation device 72 is used with the
channel iefdérencathamebyatawnd makenihe speewel referencd daﬁaahndenm1ciple3<@dt\mitl¢ont r ol
the anplifier 54 which controls the receiving TO station's transmt power

RS 15 o RnE FRIREREE SR E SR i sl (RS IHGHUEL T0 T

transmtting station 112. For downlink power control, SI RT"RGET i s known at
the 15 twaifssnikhe mpuding isequeance. ispefen |tﬂkaSp@vmmwmqa§uon BURT, ARGET i s
signaled fromthe

15 communication burst is subsequently amplified by an amplifier 60. The amplified
communication burst may be summed by a sum device 62 with any other
communication burst created through devices, such as a data generator 50, spreading
and training sequence insertion device 52 and amplifier 54. The summed
communication bursts are modulated by a modulator 64. The modulated signal is

20 passed through an isolator 66 and radiated by an antenna 78 as shown or, alternately,
through an antenna array, step 38. The radiated signal is passed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of
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receiving station 110 to the transmtting station 112. Using Equation 2,
Equation 1 is rewitten as either Equations 3 or 4. PTS - SIRTARGET+I RS +
cc(L-Lp) WQBVSISTEONSTANT VALUE Equation 3 PTS = a L+( 1-a) [R§T/YSR&07477

SI RTARGET+ CONSTANT VALUE Equation 4 20 L is the path |oss estimte in
deci bel smodiR@ationREed f&@lﬂ)lettfh?lsﬁﬁ’ﬁéd ES@ERIni 4B Sdridbe SHloBhe thba kidwen pat h

| oss was estimted. The long term average of the pathloss, L~,, is a
runni ng average .of .the path | oss estimates L.. The VALUE s a 9
WD 00/ S7GHBORCS BAR G 3 S5ty S Res R I KCUBREDRNRAAL SEEEBITE ot 5 Tor
differences in the uplink and downlink channels, such as to conpensate for

di f f er engteseishifuktyink (QRSKownl i nk gain. Additionally, the CONSTANT VALUE
may provide correction if the transmt power reference |evel of the

receiving stagion is teansmtted, .instead of 5 e actual.transm ower ,
TRe. 11 the LR fuichigh BRRE! blehdely. BRLERE Siavief B8 s Bl in BB AL e | s
preferably sent via Layer 3 signhaling. If the receiving station is a base
sf at i on 186eives heri QBNSTANTreAbnEy signgls e fldrealelyivee signal maregmseBthsogglal i ng.
The wei ghting value, a, determ ned by the quality neasurenent device 94, 10
is ane ual 1 t est ndry rably,
based ont R AorEaT o BhbuBjos &8 EBHIREC LAY RESA T ROBETED, Vo
| ast path loss estimate and the first time slot of the conmunication
transm tsigealby praeessedasisrh asthyngclanael esiima@on deeice 88uwadar daia estirhabon zer o t o
one. Cenerally, if the tinme difference between the tine slots is small, the
recent paLfr St 1 b : I S S a

val ue cI%etsVEC% (?%gnlg. mlg;rﬁ%gen}tﬂrdetfl'sta?ﬁi mhLéHEf %ﬁ}@%ﬁ%%@g éll%]%]ngrdgg;, tltq(%ﬁe pat h

| oss estimate may not be accurate and the |ong term average path |oss
nmeasur engspmugiostion's| bwst.y Theheharmel estimagiva dovice 188 pemmandy gises the
Accordingly, a is set at a value closer to zero. Equation 5 is one equation

fgr det qeahnimaaen@é éd[a)ﬁl&tg{&n&)ﬁhﬁ&%a nB%i%%_ﬁd‘Pﬂ) proYidk chahnel ihFdrmationD" , ax

Equation 5 The Vvalue, D, 1s the number of tine slots 361-36n between the
time slot of the last path loss estimate and the first, ti sl ot of the
transmi 1348 %éﬁi‘ﬂﬁ%ﬁ@@ﬁe FFRPORSGA: | The ¢ anmﬂ\ﬁlgﬁr@?wgsmgﬁ@go@ﬁ &7 be
referred to as the time slot delay. If the delay is one time slot, ais
one. DmeeStingatidheddvied 9Mbn® agovidiranéi@usdments deviiced2. Takypowerrewelfofahe having
fifteen tine slots is six. If the delay is D, ~~x or greater, a approaches
zero. Using the transmt.power |evel, PT eterm ned by a transmt power
ol cul arhBReEd cHBTRRC T U OB R b e G R IGI R oy b TR It set s
the transmt power of the transm tted comuni cation, step 48.

by the power measurement device 92 and sent to a pathloss estimation device 94,

15 step 40. The channel estimation device 88 is capable of separating the reference
channel from all other channels. If an automatic gain control device or amplifier is
used for processing the received signals, the measured power level is adjusted to
correct for the gain of these devices at either the power measurement device 92 or
the pathloss estimation device 94.

20 To determine the path loss, L, the transmitting station 112 also requires the
communication's transmitted power level, Trs. The transmitted power level, Ty,

may be sent along with the communication's data or in a signaling channel. If the
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Data to be transmtted in a communication fromthe transmtting station 112
i's produced by a data generator 102. The conmunication data is spread and
time multi WOMEH™ith a training sequence by the spreadi ng BEHUSIATATNg
sequence 10 insertion device 104 in the appropriate tine slots and codes of
the assi goedr i@2OUlgeisWent alonphwithphe adnsh@iiaktios s Aap, ithé databystinii@ion
anplifier 106 and nodul ated by the nodul ator 108 to radi o frequency. The

1061 o athiiE0 o RECrREE T ARYEP bl s SpBAEH e e b e R T

comuni cati on. The communi cation is passed through the isolator 84 and
r adi at edphthlesseesantationaddBice Pdgulfehe Feeriding stepowr tl1friaphbag2staddn 30,,
illustrating the performance of a wei ghted open | oop system using Equation

4. Equat | [ I T . 4 i

resulte BRgRR YT BB b e ETRE Treris SEUTE By O5de 4t LBl LR

| oop, an open | oop and a cl osed | oop systemcontrolling the transm ssion
pbwer | efroim idie bakestariandf.tBy supteictinigdhe ter2ivetilvonyinmmicatipns poatdieast, t he
performance of these systens in a fast fading channel under steady-state
-11 00 7 / adi g i ; ' e, .t cei ving
stat i o\rﬁ\‘oleS gpégégm??géeﬁg§gﬁﬁ%ﬁ? ﬁé’h%g@ﬁg%tﬁq #%g”'@{ g‘%@g’ﬁf DR 2,. For
the sinmulation, the UE 321 was a nobile station. The sinulated base station
301 usedPeidpsarpstmationideyics 99 estmaresdbp prdnlosstlh ketwsenibe ive skdignsg a
three finger RAKE receiver. The sinulation approximated a 5 realistic

channel apgl SR 427eAHANIRARG0a RIA gBefth 428RLE of BAUSHRRSSIL bW $hddyvpe 1
field in the prg;&glce of addi t?ve Wi te Gausst an noi se (SA\/\GJ\I).&Sl'hatet ’
sinmul ati on used_an International Telecomrunication Union (ITU) Pedestrian B

type chaftS®l4hnln epbrnfHyalians. opsteat ok imesBHERE [thg Spaspgiel peweniyelo be

accurately known with no uncertainty. Channel coding schenes were not

gonsi der g, (1&eeckdiPDNRAMIT MMebly aBfsthi MRF&eRES f@! (He Whhsnifkd gRRerof the

power control techniques, Figure™5, graph 82 shows the energy for a
transm tfed conpl ex synbol jn decibels (Es/ required to maintain a BER
of 1" 06 1 bvel, ARTBRICARS T RablosaER ot viFe R b o ierencr iR A

kil ometers per hour (kmih). As shown, at |ower tinme slot delays, both

wei ght edpapdossl 3., laadphaiuhgoeemn dvenypemmftthephdr Ivssllosed | oop. For higher tine
sl ot del ays, weighted open | oop outperforns both open | oop and cl osed | oop.

2o shown 11 FSBEerRD Haahs HhsrhbahubESHL RE b Ul 30! 2
same frequency spectrum, the conditions these communications experience are
15 stmilar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
loss experienced for the downlink will also be experienced for the uplink and vice
versa. By adding the estimated path loss to a desired received power level, a
transmission power level for a communication from the transmitting station 112 to
the receiving station 110 is determined. This power control technique is referred to
20 as open loop power control.
Open loop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss experienced by
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PCT/ USO0/ 07477 1. A method for controlling transm ssion power levels in a
spread spectrumtine division duplex comunication system having franes
wth time WOP087578r conmmuni cati on, the nmethod conprising: tPERYMYA#Hg a
first conmunication having a transm ssion power level in a first 5 tine

sl ot fronhauhhsslttedaBmimiaaiation mipdiftst fréR el ¥al6@laddd RsSEPTHD where
communi cation station the first communicati on and neasuring a power |evel

of the first communi cati on .as,.recei ved; .det ) Ni ng a h | pss esti mte
based on CATPITCOTHS SHe 300, Bl ERBE DR 1Picio M bk tank Slsk deBudE v e, and
the first communi cation transm ssion power |evel; 10 and setting a

transm sseasivebuwed trbesiaittedawonamagiatidns amydep ealei tha perfoamaacostiart bpen sl ot
fromtl~e second station to the first station based on in part conbining

the path i | ght by a first factor with a,.long termpath

| oss" st i BoYRl LS 5l 38R forot idse BV Bhck! hanihEMean o Rt g
factors are a function of 15 a tinme separation of the first and second tine
slots. 2.deVicedonpuahverigbtedaipanivdp powehamtmdiepl 08 dagrmietseheinality of tee | ong
termpath | oss estinmate based at |least in part upon an average of path |oss

Crati on, el GREFE SO The ghPIY etk U E RO L MBI ARE B, s

conprising: determining a quality, a, of the pathloss estimate based on in
part a ngsbentesfpathhesssloand ldng teenwreragetod the pathlessdLgdosnattheitranssliot ; and
wherein the first factor is a and the second factor is 1-a. 4. The net hod

of claim | i I : /o S AR & er.m ned
qual 1 £y, P Qe pAR DL LBy EhRhigiRdRc B bep 38708 WIRuBEE O e m
1 wherein_the set transm ssion power |evel conpensates for differences in
the upl i AHBHRI4el S WHRhIgdi een BropTRewsetaeaerober dI08 eensisiheriethe pawert i r st
station is a base station and the second station is a user equi pnent. 7.

Tite et hogeRfireehatit e kicave, ?ht’hl&ﬁ%sfih{aﬁbn%fe@fcje%, 'gﬁa@tyqﬁ@asu?aﬂwa%mceand the
second statipn is a base station. 8 A spread spectrumtinme division duplex

communi cgtd on systephaving a first and ggcond communi cation station, the
syst em ugOngnd FARUBILAOWETGat I aQn deYise 98onmuni cati on, the system
conprising: the first station conprising: -14 WO 00/57575 PCT/ US00/ 07477

The following is one of the preferred weighted open loop power control
algorithms. The transmitting station's power level in decibels, P, is determined
using Equation 1.
15 Ppg = Ppg + a(L-L,) + L, + CONSTANT VALUE Equation 1
Pys 1s the power level that the receiving station 110 desires to receive the
transmitting station's communication in dB. Py, is determined by the desired SIR,
SIRarcer at the receiving station 110 and the interference level, I, at the receiving
station 110.
20 To determine the interference level, Igg, at the receiving station, received
communications fromthe transmitting station 112 are demodulated by a demodulator

68. The resulting baseband signal is processed, such as by a channel estimation

_8-



5 nmeans for transmtting a first communication having a transmt power
level i'n a first time slot; and the second station conprising: neans for
recei vi ng VROB7578t communi cati.on and neasuring a power | evBET/HSOWATETTf | r st
comuni cation as received; 10 neans for determining a path |oss estinmate
based ondewicedtaiidg daresstingdor @oaty Y ifi ithié tinedIBidnindakitR the apwophiael and
the first comruni cation transm ssion power |evel; neans for setting a
transm ssi on power- |evel for a second conmmunicati in a second tinme sl ot
based on CPACHFHENEE MBS TARYnITHAS Hatian F GoEmumeatoiis thechapnebaTemancn « o
factor wth a long termpath |oss estimate wei ghted by a second factor,
wher ei n phadddedsbyate shannel kadination adeviae f Thcisi oagedfby 41 natesRpedat i on of
the first and second tinme slots; and neans for transmtting the second
comuni catjon in the seceond ti slot at .the.set transmnj ssi power | evel.
o, The sgiseatiestent S Mnisr oFRrng GBt dndfielSioeols ¥ h rmer T B rornbsk
nmeans for determning the long termpath | oss estimate based at |least in
part upomfanmatien agey alfo hetuset as coasbl ted transyhit powarrievelt ofoths rseaivinr om t he
first station to the second station. -15 WD 00/57575 PCT/ US00/ 07477 10.
The syst - lpal r.e flrs t] fur: C i : ans
for det erg{ﬁl}lﬁlkr%gcmg %a l%(‘i{h&e?%ﬁo%&&g%%lsplép %F goslé(agts #ﬁ%{b Srqﬁla(g)%}ég%zs?lﬂdggrt a
nunber of tinme slots, D, between the first and second tine slot; and

wher ei n tiaesmitrpawémcalonlationadeamct 7heThe clatal eftannton ipgodueed by theTHatasyst em
of claim 10 wherein a maximumtine slot delay is D~x and the determ ned
qual i ty, e@imbfiofl Seeldl 725 BecPwiinthe chihtdl infGmarkiy by e BURLAM Riwg! al m 8
wherein the setting nmeans sets Re Eranan ssi on power” I'evel 't 0 conpensate
for differences in the uplink and downlink gains. 13. The systemof claim38
wher ei n thlsukatiost deiae iTdnta sonrphshe smplifien Hhavhine coadesnsl tBe ae¢edvings a
user equi pnent. 14. The systemof claim8 wherein the first station is a
uger equipBRt BEnlinFoREERRG Station is a base station. 15. A

conmuni cat1on station %aw ng Its transm ssion power |evel controlled in a
spread spectrumtipme division dupl ex communi cati on system the system using
frames with tPreisdeseranipgd usisglgnati®Rdn and having a second conmunication
station transmtting a first communication in a first tine slot, the -16

WO 00/ 57575 5 commppj QagIanRG%tgH' on conprising: PCT/USO0/ 07 4iquaion gast one
antenna for receiving the f17st ‘comuni cation and transmtti ng an

Ixs 1s either signaled or broadcasted from the receiving station 110 to the
transmitting station 112. For downlink power control, SIRjsgrger 1S known at the
15 transmitting station 112, For uplink power control, SIRsrger 1S signaled from the
receiving station 110 to the transmitting station 112. Using Equation 2, Equation
1 is rewritten as either Equations 3 or 4.
Po¢ = SIRurgertIgs + (L-Ly) + Ly + CONSTANT VALUE Equation 3
Prg = o L+(1-a)Lj+ Izs + SIRpargert CONSTANT VALUE  Equation 4
20 L is the path loss estimate in decibels, Ty - Rys, for the most recent time slot 36,-36,,
that the path loss was estimated. The long term average of the pathloss, L, is a

running average of the path loss estimates L. The CONSTANT VALUE is a

9.



anplified second communi cation in a second tine slot; a channel estinmation
devi ce having an input configured to receive the received first

commruni catW%gO/Wéﬁ produci ng channel information; 10 a dat a RESHYRO7OR

devi ce having inputs configured to receive the received first communi cation
and the edraenin fenin0rTind CONSTANT QAL URE) cofte @k Bocidtbréaded; inahp aptink

measur enment devi ce having an i nput configured to receive the channel
information for .produci ng a neasur.enment of receiyved power |evel of, the
first comfLisoRi ity chasndds,Jsfdly AS 40 campghsali oo EEromEes g wiiiiin sl
configured to receive the neasured received power |evel for producing a

pat hl ossd@shlinkigeirf. oA ddhmnfally sthecOOMST AB ¥ALBEqoay ptoyideaswea it devi ce
for producing a quality neasurenent based at |east in part upon a tine
separat i I i : | . a . tr m t
power caﬁgdﬁg??gﬁpégéf%ﬁ&ﬁgg?ﬁ%@}%ﬁ@gégggﬁﬁﬁgﬁ?éb J§%§@%ﬁég’?ﬁ%”§§?h|oss
estimation and the quality neasurenment for producing a power control signal
based attheewwsnalitransanit popen, daabihihegrechieyinpgmstationss ackasensaiéomdlghbed by a
first factor and a |long term pathl oss estimate wei ghted by a second factor,
wherein i r 08 b Mrpar t N8y
roasur orearS LA b aROEE A Pher@ab fork Via 135RE COEpMIBEC AT HELQRIBEY, o
power control signal and a second comrunication to be transmtted in the
second tS$iABOR Lo Dagy staien BPyithe CONSTANT WplLbdi srekredy/sesbwiadzayer second
comuni cation in response to the power control signal to produce the

anpl i fi edlse@apAg. communi cation. 16. The communication station of claim15
further conprising: a data generator for producing comunication data; a
spreadi ng an rai ni ng sequence_ insertiqn device having an input configured
to receive tgﬁ‘% VYR ?ﬂa@%e’f‘ﬁ%“eﬂﬂa’d&@iqlrﬁ’?‘%@eé‘é GHEF%gﬁ?ﬁ?ﬁi%é‘;ti on in
the 5 second tine slot; and a nodul ator having an input configured to

fecei ve ishenedskd b1 8@ Grdionef temmtimatal pah idwrandud\praferatdy| besedimplthéi ed
second comuni cation to radio frequency prior to transm ssion. 17. The

an T nput MBS Gtk TeiS FteaPy Beithenribe SR BT, oF iBlsaha B db e "0

produci ng a baseband signal; and wherein both the channel estinmation device
and t he aat thedatsi matei shot afethe cenbninaivati@m tianguitteddnyf thguredntidgineseiiove t he
baseband signal. 18. The conmunication station of claim15 wherein the

lit [¢Sy 14 f o and . ' t [
the qual Ty PRESERE Ay WA e GERERIT e AR R Rk ) '

measurenent, -18 _ ' ‘ _
the time slots is small, the recent path loss estimate will be fairly accurate and « is

15 set at a value close to one. By contrast, if the time difference is large, the path loss
estimate may not be accurate and the long term average path loss measurement 1s
most likely a better estimate for the path loss. Accordingly, « is set at a value closer
to zero.

Equation 5 is one equation for determining «, although others may be used.

20 «=1-(@O-1)/D,, Equation 5
The value, D, is the number of time slots 36,-36, between the time slot of the last

path loss estimate and the first time slot of the transmitted communication which will
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WO 00/ 57575 PCT/ US00/ 07477 19. The comruni cation station of claim15
wherein the first station is a base station and the second station is a
user equi PHRA¥S752D. The communi-cation station of claim 15 HEESNROTHE first
station is a user equi pnent and the second station is a base station. -19

A, A A BehefdrddAoAsAhAtisde AOt &él&f\ TR d¥lay (SRS ¥RIQ c0is one. D, i
{vql gb] X] ca] ca] ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
cRal,c

o) Gobons T A R S 6 AT e e oo prsipe f ksepeipe afoisifcau cay
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ' WEgZf 8+~ge{ vql gb\ VU] calU] ca] ca
] ca] ca] caixcalfdhg da]agfa]sd),]ca] agater, ma]ip]a]oaal]asaz]ara] diinglthalealmitfordrcal] cal
ca] ca] ca] ca] ca]ca!. u>*{ nM 111 AR
$ | gb
Sva o8] Kkl gl ol g] %gﬁ]g;&é]g&%&ﬁllﬁ@ﬁ GREabSAE GhRR GRkeal cal ©
STISSHBOEERET Z' ' ' M Q(] ( | d))* **+ N ++
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2999+ V: Z:

:}xsni d JZI gbaawg] heaprunidglldapcaualisighual émma]ectaqtmax]lgat]aaapdd@] ca] caU

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caljca Wca ;;; 8<<<$=z==>

fLZfzgfzg@cWﬁﬂ? %@f?@%%%ca ]‘fﬂifﬂﬁr@% ﬁ’] f1c}la] ca] ca

DDEYEEEF\ FFFGXGGGELHHHHH

| di | JUJJIDRKIRIREED | Withiie Aviineasesaienes d) ¢ caleadingapad] Eaneng sageaic€al] ca) ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! LLOMVMVIVMVNNQNNNOL OO0
ROPY PPQl (X get (RERRRIRERI G W i biddread 6ald statk Gad ead &l ant aadisad cakealceal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] caf't SSS?TcT{ TTTHU U
UJ' VXWWWE Y YYY$Z I gb] X

a] ca](ca] 8iiEa sgn ]a]scaefP 'ﬂ{ é’a Eg]f‘lpj]afleaﬁ%a&&? ‘l‘g]‘légatb’c ;?]N;;]Zg
[qV\]r[\I\l\\\\]\]]]’\f’\’\’\ e

a] aaazupkicanhec 28 & ﬁdaj]l@a]eqakﬁ@g cal] ca] caU] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca! a=bRbbbbCccc4ddd) ezeeeee=f ]| fffglg

hS5hshhh7iri | w nmhc?Y ca ca ca] ca
%ﬂgca] ca] ca] ca]rbﬁ]‘éfﬁl]g@ L(J’]ch ‘g]:l VY, ]8 ]’tcgl]redj ?@élq‘{ %f\a]l‘ 431"35}93 Ee]eee]f]
fffgl ggghShshhh7irii|w rrhc"YU] ] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] cal] ambd:ia]eca](lﬁa]tca]ﬂ]ie@d aht cédreahmall] aakiran] pawven]leaclQRSy:, @10Ue’ () -
lefVG& () - lllO% & ()- ylo%xX ()-@10%& ()- s!10% @ @ () - ?HLAEf

v (o B el BRI bSsod e e ispligordd epd ot (-

39910968 ()- ! 10%G& () - PIxmbC s! 10% h& ()- 10G 10G 10G39A 0% () -
6! 10938 bythsanosBe82) - F1! 10%3& ()- g o dEMHCL@ 10% h& () - y%40% h& () - &10%
h& ()-L4 10% h& ()-L!10% h& ()- L,!110% h& ()-0 XJdEmbCY! 10% h& () - 9S! 10%

h& () - %40% h&ﬁéﬁrek% R @‘%e@c’t graphs 82, 84 illustrating the performance of a

weighted open loop system using Equation 4. Equation 5 is used to calculate «.
These graphs 82, 84 depict the results of simulations comparing the performance of
20 a weighted open loop, an open loop and a closed loop system controlling the
transmission power level of the transmitting station 112. The simulations address

the performance of these systems in a fast fading channel under steady-state
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L110% h& ()- L!10% h& ()- J# u dEmbCY.!10% h& ()- 9+ 10% h& ()- 9@! 10%
h& () - 8%40% h& ()-s$10% h& ()- 9"10% h& ()-p/ 3456dYNC 10 h 10 h 10 hi,; 10%
h& ()-97 WRAUEST) - 9@! 10% h&' () - 2040% h& ()- 9s0! 10% h&' PCT/ESBORHEYNC
& 10%G8 ()-& ! 10%6&' ()- & 10%G& ()- 9@ 0% ()-" LOUGS! () - L0YGS! () - >. dEYNC

&S! 10°/G8cdn)dit1(9ﬂsO°/ﬁ&tl(u)s e %@ﬁqe( Yec8hQffE&t{tiord s 4 WWASE station 30, and the
@A0YCE () - .| dEYNC &+&10% Z8S) I 1096 () - RMOUGE ()- $! 109%& () - &

16(}/23?3?) Q}}ﬁf@g}&% t %rglf%%&l Olggrotg@loqatlon the UE 32, was a mobile station.

s010%G8 () - EgZaBYNCS10%| & () - S10%| & () 9s! 10%4| & ()- 10%4| & ()-
9S10%!| &1 m!nhdli&%lia@b&tz@oxml&ckafm% antdiadi&ef sityHol @8edption) with each
9S!10%| & () - &10%}| & (

S??iy%o/ ermlaof{%}ha% gue? WTcRael E5 it Tystittion paproninticn) |

10%4| & ()-97! 10%| & () - 9y5| 109%4| & ()- 3&10%| & ()- .| " udEMbCSYA0%| & () -
95| 1o%1|r&a1(15)uc9¢lmm] &d IR Qsdm%ib&b@s)ed%rl@wﬂ&r@e sequence of burst type 1
"10%}| & () - u>*dEmbC&S! 10%4| & () -
field in the presence of additive white Gaussian noise (AWGN). The simulation
used an International Telecommunication Union (ITU) Pedestrian B type channel
and QPSK modulation. Interference levels were assumed to be accurately known
with no uncertainty. Channel coding schemes were not considered. The
10 CONSTANT VALUE and L, were set at 0 db.
For each of the power control techniques, Figure 5, graph 82 shows the
energy for a transmitted complex symbol in decibels (Es/No) required to maintain
a BER of 1% for various time slot delays, D, with the UE 32; moving at 30
kilometers per hour (km/h). Asshown, at lower time slot delays, both weighted open
15 loop and open loop outperform closed loop. For higher time slot delays, weighted

open loop outperforms both open loop and closed loop. As shown in Figure 6,

graph 84, similar results occur if the UE 32, is traveling at 60 kmvh.

* %k *
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&10%4| & ()- & 109%4| & ()- & 109%4] & ()-10%| & ()- &@L0%| & ()-*{n
dENDC&H 10%4| & () - &S) ! 10%4| & () - &YA0%| & () - &$! 10%| & ()-9

"1109%] & WOWYSESH| & ()- M 11111IdE/ 104| 104]Y; PCT/US00/07477
310%| & () - &8! 10%4| & () -

95! 10%4| & () - &39%4.0%4| & () - &0! 10%4| EIAIRES | 10%4| & ()- 111 "A"y""xY:/
104| 10%}| & ()-  @O0%}| & ()-!10% & ()- @ 10%H| & ()-"10%| & ()-10%] & () -

104| " #i @ $3 }io4| VA0 & ()- ! 10%| & ()- F! 10%| & ()- ! 10%| & () -
&S! 10%| 1‘(“;[ %HB %8 ()- $$HIBAEERAE: / 104] &) ! 10%4| & () -

& YA0%| & ()-$! 10% & ()- Y"1 10%| & ()- ! 10%| & ()- &y! 10%| & () -

&&7' Z' ' M dE: 1. 104A&&§aﬂ@@|f&r (Qontr&Hi AP Yehn&irG§siod w0 |efels) in &0 shRd| &' () -
& .1 10%4| & () -+ 10% & ()- MN(O(P(Q] (I (()bC 104| L! 10% h& () - L! 10% h& (

"10% h& 4 Iy ** | L ' 10%
e () L FRRE O i iepie? omaitetffomsy e Ehtting Bofses iRt stl L0
. K, ,, dEbC 104| L$! 10% h& ()-3"10% h&' ()-910% h& ()- Lf!10% h& ()- &10%
h& () - L! fygonanygyicatian - the methadisompoisir@t 0% h&' () - LO! 10% h&' () - 93.!10%
h& ()-9+!10% h& ()-9S)!10% h& () -
transmitting a first communication having a transmission power level in a first
S time slot from a-first communication station;
receiving at a second communication station the first communication and
measuring a power level of the first communication as received,;
determining a path loss estimate based on in part the measured received first
communication power level and the first communication transmission power level;
10 and
setting a transmission power level for a second communication in a second
time slot from the second station to the first station based on in part combining the
path loss estimate weighted by a first factor with a long term path loss estimate

weighted by a second factor, wherein the first and second factors are a function of

15 a time separation of the first and second time slots.

2. The method of claim 1 further comprising:
determining the long term path loss estimate based at least in part upon an
average of path loss estimates of communications sent from the first station to the

second station.
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310% & ()-s, 81.10% & S5 10% & o%& o & 56W666dEYNC
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4. The method of claim 3 wherein a maximum time slot delay is D, and

the determined quality, ¢, is determined by

«=1-(D-1)/D,,

5. The method of claim 1 wherein the set transmission power level

compensates for differences in the uplink and downlink gains.

0. The method of claim 1 wherein the first station is a base station and the

second station is a user equipment.

7. The method of claim 1 wherein the first station is a user equipment and

the second station is a base station.

8. A spread spectrum time division duplex communication systemhaving
a first and second communication station, the system using frames with time slots for
communication, the system comprising:

the first station comprising:
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u&' () - DDADDEVEEAENDC 104| *y! 10% U8 ()-&10% U& ()-L!10% U& ()- L3!10%
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means for receiving the first communication and measuring a power
level of the first communication as received,;

10 means for determining a path loss estimate based on in part the
measured received first communication power level and the first communication
transmission power level;

means for setting a transmission power level for a second
communication in a second time slot based on in part combining the path loss

15 estimate weighted by a first factor with a long term path loss estimate weighted by
a second factor, wherein the first and second factors are a function of a time
separation of the first and second time slots; and

means for transmitting the second communication in the second time

slot at the set transmission power level.

9. The system of claim 8 wherein the second station further comprises:
means for determining the long term path loss estimate based at least in part
upon an average of path loss estimates of communications sent from the first station

to the second station.
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a number of time slots, D, between the first and second time slot; and

wherein the first factor is @ and the second factor is 1-c.

11.  The systemof claim 10 wherein a maximum time slot delayis D, and
the determined quality, «, is determined by

«=1-(D-1)/D_,

12. The system of claim 8 wherein the setting means sets the transmission

power level to compensate for differences in the uplink and downlink gains.

13.  The system of claim 8 wherein the first station is a base station and the

second station 1s a user equipment.

14, The system of claim 8 wherein the first station is a user equipment and

the second station is a base station.

15. A communication station having its transmission power level
controlled in a spread spectrum time division duplex communication system, the
system using frames with time slots for communication and having a second

communication station transmitting a first communication in a first time slot, the
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amplified second communication in a second time slot;

achannel estimation device having an input configured to receive the received

first communication for producing channel information;

adata estimation device having inputs configured to receive the received first

communication and the channel information for producing interpreted data;

a power measurement device having an input configured to receive the

channel information for producing a measurement of a received power level of the

first communication;

a pathloss estimation device having an input configured to receive the

measured received power level for producing a pathloss estimate for the first

communication;

a quality measurement device for producing a quality measurement based at

least in part upon a time separation of the first time slot and a second time slot;

a transmit power calculation device having inputs configured to receive the

pathloss estimation and the quality measurement for producing a power control

signal based at least in part upon combining the path loss estimate weighted by a first

factor and a long term pathloss estimate weighted by a second factor, wherein the

first and second factors are based on in part the quality measurement; and

an amplifier having inputs configured to receive the power control signal and

a second communication to be transmitted in the second time slot for amplifying the
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a data generator for producing communication data;

aspreading and training sequence insertion device having an input configured
to receive the communication data for producing the second communication in the

5 second time slot; and
a modulator having an input configured to receive the amplified second
communication for modulating the amplified second communication to radio

frequency prior to transmission.

17.  The communication station of claim 15 further comprising:

a demodulator having an input configured to receive the received first
communication for producing a baseband signal; and

wherein both the channel estimation device and the data estimation device

5 have an input configured to receive the baseband signal.
18. The communication station of claim 15 wherein the quality

measurement is in the range of zero to one and the first factor is the quality

measurement and the second factor is one minus the quality measurement.
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