; €3eql | nDDEDFR. GH61 Tl | MZ H WEI GHTED OPEN LOOP POWNER CONTROL IN A TI ME

DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi's i nvention generally
relates to spread spectrumtine division duplex (TDD) comuni cation
systens. More particularly, the present invention relates tommmmmmmmmm,d
met hod for controlling transm ssion power w thin TDD conmmruni ns.
Figure 1 depicts a wireless spread spectrumtine division dupl exsfkkD)
comuni cation system The systemhas a plurality of base stations 301-307.
Each base SWHIGHTES QRENFOOR POWER CONTROU B¥h MBI VESION23 | n
its operating area. CoDURLEX I COMMUNICGAFIONSYSTEMase station 301 to a
UE 321 are referred to as downlink conmuni cati ons and communi cati ons
transmitted froma UE 321 to a base station 301 are referre ik
comuni cations. In addition to cBAGKIGROUNDover different HH““&M@W'&MMM :
spectruns, spread spectrum TDD systens carry nultiple commu r
the same spectrum The nultiple signals are distinguished by th&o02
respective chip, code sequences. (codes). Also, to nore.efficientl se the
Cproad spect rubtoToueRfor SECIUY RIG fo, S0 soBe Gmatine, Sisiapauper
frames 34 divided into a nunber of tinme slots 361-36",, such as fifteen

ti ne sl ot §TDD) connhumsigsti@msystams okfoue pasicubanly, shespresentrinsatténd ethtes e sl ot s
361- 36" using selected codes. Accordingly, one frame 34 is capabl e of

_ s odes. Accor dingl y e 34 | le of
and Loas, Tt SRR EARIAR I ARHORROR RN Fb BB 7

to as a resource unit. Based on the bandwi dth required to support a
conmmuni cafyséMs.one or nultiple resource units are assigned to that
comuni cati on. Most TDD systens adaptively control transm ssion power

levels. In a TPRnfst @BhiclPa WwiboIspreal spettrimind disioned§Aee (TDI®) s! ot
and spectrum Wen a UE 321 or base station 301 is receiving a specific

ication, all.the oth i,cat i usi th i d
Cpoct 1 um EABSESAERTF G oo ST g M LSRRt Sdurlie J4iNg 1 he

transm ssion power |evel of one communi cation degrades the signal quality
of all ot base stathondl camronsicaies with tdeaequipmenss CTEs)B2,s3dh itsmpetdsingver
reduci ng the transm ssion power |level too far results in undesirable signal

to noise [ : i t a cel To
i nta n Bafh ReTanea ARk B A Fod 3 Hae SO Ao b U A BBl o,
power |evels, transm ssion_power control i s used. One acg roach using

t r ansni ssfo#s gotrlink epmpviniGatons apd eoMMUIEEBIPNIransBlitehroass

comuni cation systemis described in U S. Patent No. 5,056,109
a base station 30, are referred to as uplink communications.

In addition to communicating over different frequency spectrums, spread
spectrum TDD systems carry multiple communications over the same séectrum. The
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

multiple communications distinguished by both time slot 36,-36, and code. The use
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(Glhousen et al.). Atransmtter sends a conmunication to a particular
recei ver. Upon reception, the received signal power is neasured. The
rrecei'ved signal power is conpared to a desired received signal power. Based
on the conparison, a control bit is sent to the transmtter either

i ncreasi ng or decreasing transm ssion power by a fixed amount. Since the
recei ver ofadimgle codd innd simighntinetstottih ecferrad soras & egsovocewmit. Basedion the
transrnitter s power |evel, such power control techniques are comonly

of ol osed Rl KeieadEraass = ERThmERIOE Shep Mbbh Raa RGN ™
between a UE 321 and a base station 301 are in a highly dynamc

envi r onneassjgredah that awemioicationlUE 321 novi ng, such systens may not be able
to adapt fast enough to conpensate for the changes. The update rate of

cl osed | oop pow@f's oI i i - em | | PEHrecond
which is not su IICI en%%tgﬁeggétyﬁég?é\%&-c aa%ﬁéixfx%%r&é%&gg]z&é&ﬁ di'scl oses a
nmet hod for regulating or adjusting transm ssion power for signals between a
mobi | e st $Hstesn, HANY SOBEEIGAtLANSJAAY shate dhesarag timspilpeandspachianmy Wherem To
determ ne the transm ssion power |evel) the nmean val ues of the signal

strength anfk SRgoBalbatd 81aE6h BV, A9 rédeivinkYa ?&jﬁ@b%muiﬁéaﬁ&éfaﬂdd@rb&lgﬁ nean
val ues, an anti ci pated signal strength and signal quality are cal cul ated

for a subsequent tinme perigd, assunming the transm ssion. power is i nt ai ned
UnchangedcOmEM Gl g e, eyl e Mot 2 spebtan Saviroiererace s Pisy o

adj usted based on the anticipated values. WO 98 45962 A di scloses a net hod
f or cont redecifig coromanatiosi onlneoessing dhiel trafismissiobi [peweer hivedl of nore
satell.i.te conmuni cati on system The power control nethod has both a
closed-1o0 ; z ; FP5f 4D 5 ; o, e base
tati on caai Ao ARRRe e R e 1o b Ml Bues E5 e LADI G Tt bl
strength of the signals received fromthe nobile termnal. The base station
Lakes i nt@mgelohand SR p APIVGSH: TEPalE BF Bansmusil PPweT dokal 49 81 t he
power setting determ nation. For the open-loop elenment, the strength of the
recei ved eb@tein dndesirhbie shage (eheilse eatidsSBERY) ahd dikerder ra®IBERE) otlehe
strength of the signal received in 3 the previous frame. The transmt

power of bilg t i nal . i i | Yo W iatlons in
t he obser%/eggwg?s gna Os‘?‘%@rﬁ%ﬁ ht.)b'%fc@g!r gfg&lgpyd&pﬁé?% %[Os a nééeazﬁ)fn g?é[g?tlgg’gat e
approaches to maintain signal quality and | ow transm ssion power |evels.

SUMVARY THRHISTRGEAR PON o dei{el D (LEANSPATHEH BV ScdiM s Pesfel s in a spread

spectrumtine
One approach using transmission power control in a code division multiple

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
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.



di vi si on dupl ex conmuni cation station. A first comunication station
transmts a communi cation to a second communi cation station. The second
station receives the comuni cation and neasures its received power |evel.
Based on, in part, the received comunication's power |evel and the
comuni cation's transm ssion power level, a path loss estimate is

determ ned. The LSS V, j I he
second station tyrﬁ‘lfg@@bt%@g[%hh?cj éérg{uq%ae{%g On,éﬁdﬁlﬁéggg’?{cw{@égg{ﬁfl%
the path loss estimate and a | ong term pat hl oss estinmate. BRI EF DESCRI PTI ON
OF THE DRAW®GRstahaeylifcdmimunisdticaisasntbgimiean adiE 32pandyadiamstitipr 30 2are in
illustrates tinme slots in repeating frames of a TDD system Figure 3 is a

flow chart of. ywei ghted open | gop. power. .¢on | . Fi.qur e i s, a diagram
of corrponerﬂol%‘ggfy (?W"%‘S VHPBEI%&“??&??S@%%%F&W@& Sc%:gﬁyfs Hﬁs%ger
control. Figure 5 depicts a graph of the performance of a weighted open

| oop, open natde abbel tchdapt dastenpughwe compensate foy tieechanges.a THE updlatagatabf 30
kil ometers per hour (knmih). Figure 6 depicts a graph of the three systens'

performance f or UE novi . . Tl T .
PREFERRED KRB RERRS eC%glr‘l@? é‘??‘%@o@@ﬁgﬁ#@ﬁﬁﬁébﬁé cl 5%5 ?E%%K&ﬂmch
reference to the draw ng figures where |ike nunerals represent |ike

el enent s t hs aogbafiftcientdoy hast fladipgrehiaonelspower control will be expl ai ned
using the flow chart of Figure 3 and the conponents of two sinplified
conmuni cat i on Styghg . j ] : e b L J3

di scussion, the ]%%%B?% %%%kocri}ké]tog?sl %n a(\)/dli E%F#e%giﬁ}n%%%iﬁ 'P (Eﬁ&% h%%‘\%\g] F%S?&l
controlled is referred to as the transmtting station 112 and_the .
comuni cat iRewest farisignale betweanga peatile station andaybasnifatior dnjodigital mebide r ed
to as the receiving station 110. Since wei ghted open | oop power control may

be used forielaBhbi¥ systeid| TeMeimided the t@esmithicopewed kaki, A6 mdatevalues of
transmitter having its power controlled may be l'ocated at a base station

301, UE 321 or, both. Accgordingl i f both uplink and,downlink power cantrol
are used. - thE il streRg Tl SrRarl fansitsian Bealty Secidlifokds R of e
at both the base station 301 and UE 321. For use in estimating the path

| 0ss bet weanedrhealues.ean anticipatdt signasticnigtly and aigmal sjublify ate ¢dculabed for a
receiving station 110 sends a conmmunication to the transmtting station

.% p2)| . -zla-lh Fy ¢ Oﬁ'ﬁﬁ?g&ﬁ%&)—kiﬁ{é Mo&? gsﬁﬁx%ng%ﬂe fAM s ANSidH chV%f- ¢ ‘fr?aiﬁ&?ﬂ&%ﬁchanged.

The transmission power level at the subsequent time period is adjusted based on the
anticipated values.

WO 98 45962 A discloses a method for controlling a transmission power
level of a mobile; t.crminal in a satellite communication system. The power control
method has both a closed-loop and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takes into
account the propagation delays of the satellite system in the power setting
determination. For the open-loop element, the strength of the received signal from

the base station in each frame is compared to the strength of the signal received in
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system the channels used for estinmating path loss are referred to as
reference channel s, although other channels may be used. |f the receiving
station 110 is a base station 301, the communication is preferably sent
over a downlink conmmon channel or a Common Control Physical Channel

(CCPCH). Data to be communicated to the transmtting station 112 over the
reference cheprafiousfrasiee Thedramsnispowteofthe enchiteemintdtioadjlieed Biverenge
channel data I1s generated by a reference channel data generator 56. The
reference data,i s assigned one or |tiple resource upi.t sed on the
comuni cat i Ql%‘mﬂﬂogis Ao #@%ﬁ?wﬂa ?@pgjﬂ\s%dﬁ?ﬁo Hgfyr’ HeAganesddoce

i nsertion device 58 spreads the reference channel data and nmakes the spread
reference diteeaté approachepioceaihtaint digaaltqualioy agd kewtencemissioh po vwdileodki at e
time slots and codes of the assigned resource units. The resulting sequence
is referred to as a comuni cation burst. The communication burst is
subsequently anplified by an anplifier 60. The anplified conmunication
burst may be summed by a sum device 62 with any ot her comruni cation burst
created through devices, such as a dSUUMEABRNAt or 50, spreadi ng and
trai ni ng sequence insertion device 52 and anplifier 54. The summed

comuni cation b ts Qs 4. | at.ed signa

i s passed throug hseal?iwlg{slg g?%&é%%gsdﬁgﬁ ggf@%;é\éeﬁs 5%%&?5%%&“& or,
alternately, through an antenna array, step 38. The radiated signal is
passed t hr dixjsion duplex sommunicatiomn atation. 39 first communinationsstatyén taasmits a
transmtting station 112. The type of -5 nodul ation used for the

transmtted.& j ' ; s : Kl din
the art.  oGoRaagnAsh ERRERRdRaRnRatibl AOR, THENREN reHARIRCHE U, 1
keying (QPSK). The antenna 82 or, alternately, antenna_array of the
transnitti egIMERRication Bad BeasWes itsaracsiiedr pover devadueBayediog dnsparththe
recei ved signals are-passed through an isolator 84 to a denodul ator 86 to

produce a bgsspbaicbibhfiidatiohtdiaEabacidnditidedmfinicARAsSeaasHissibnifo s 2

channel estinmation device 88 and a data estimation device 90, in the tine
slots and with the proprj.ate codes assign to the.comruni catjon,s. burst.
The channelody Pt foRsaEsHBe%e & SERBRRYE L othe BrbSRiST g vidolsdint dor %
conponent in the baseband signal to provide channel information, such as
channel i mpotrsruniesiom$ran ththseaomdratation td trenfirst station issseti based om, mapart,
estimation device 90 and a power neasurenent device 92. The power |evel of
t he proces i i r i channel, RTS, is
measur ed b?}%ti%e %werﬁ%}e]a{ggsr%ﬁeﬁégggi%c%ggg%ggggﬁéﬁ%ﬁgﬁgéthI 0SS
estimati on device 94, step 40. The channel estimation device 88 is capable
of separating the reference channel fromall other channels. If an
automatic gain control device or anplifier is used for processing the

recei ved signals, the BRIRF DESCRIPTIONIOF THE] DRAWINGS

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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correct for the gain of these devices at either the power neasurenent
device 92 or the pathloss estimation device 94. To determ ne the path | oss,
L, the transmtting station 112 also requires the communication's
transmtted power level, Trs. The transmtted power |evel, Trs nay be sent
along with the communication's data or in a signaling channel. If the -G
power |evel, TFigurest semdiagtamefwoniponeatscfitweoncammunicasiotastationshesinat a
estimation device 90 interprets the power |evel and sends the interpreted
power | evel . t hl tigmtion device 94. If the receiving station
110 is a @%gg&%{Qﬁ?ﬁﬁx§5§§§%$%¥%$§bly the transmtted power level, Trs, is
sent via the broadcast channel (BCH) fromthe base station 301. By
subtracti ng t hBigured depicts argraph of thoperfomanse df @etighRidsopan Bp, bperm t he
sent communi cation's transmtted power level, Trs in dB, the pathloss
estimatio ' i i ons
170, 112, OG0 ) AR GRoddtOIRFAm RE % Uk mBSIntERT( RGPS ' D
is updated, step 44. In certain situations, instead of transmtting the
transni t t BeRif&WER).| evel , Trs, the receiving station 110 may transmt a
reference for the transmtted power level. In that case, the pathloss
estimation deviipRirdd dupiots degapiebriRibreeso¥ehs' péfornimcedbha UBmoving and
the long term average of the path | oss, La. Since TDD systens transm:t
downl i nk qnﬂkggg{nk comuni cations in the sanme frequency spectrum the
condi ti on® ‘communi cations experience are simlar. This phenonenon is
referred to as reciprocity. Due to reciprocity, the path | oss 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

transm ssi %Eﬁ%vﬁfEb%ESdﬂPﬁfl(gmﬂfﬁﬁ PR’EISER%IW%MI?@WEP&% station

112 to the recelving station is determ ne I s-power cont

technique is referred to as qpen | oap poywer coptrol. Open | oop systens have
dravbacks. 11 e prefered 591%991}@%8 el S?lﬂ'ée@&ﬂ&»f&f%an%@m%wm t he
transmtted communi cation, the path | oss experienced by the transmtted

conmuni cafiganes whgrdlikd imérabrepieseradikeclabars thessghdu. Wadshddogen loop
comuni cations are sent in differing time slots 361-36", the tine slot

del ay bet (YA n i i d r e
por  or marke o RReLNAR o BBl A SHieRE R RORARRE”
drawbacks, a quality measurenent device 96 in a wei ghted open | oop power
cont r ol | eof trovsignpliftedi apsrmpnisation statipns fl10n 012 85 shewadn Figpre 4sEor theep 46.
The quality neasurenent device 96 also weights the estimted path loss, L,
and | ong fotloWiay lifdRsih, the cdaiht®isation Qtatiod Bing e taAdSItidr's power
controlled is referred to as the transmitting station 112 and the communication
station receiving power controlled communications is referred to 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
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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power |evel by transmt power calcul ation device 98, step 48. As
illustrated in Figure 4, the wei ghted open | oop power controller

100.,'consi sts of the power neasurenent device 92, pathloss estinmation
device 94, quality nmeasurenent device 96, and transmt power cal cul ation
device 98. The following is one of the preferred weighted open | oop power
control alegeivirghstationl 1¢0tseadsacomnnmicdtiun wrths tposatittingvsthtiom 182c el s,

Pts, is determ ned using Equation 1. P.t.s = PRS + a(L-Lo) + La + CONSTANT
VALUE Equation | PRS j he power |evel.that the receiyving,stati .10
desires (P RlaicphoR A b Sl RATny e of Yolfous' DamRET SeraM: it a3 DBRs i s
determ ned by the desired SIR, SIR TARGET~ at the receiving station |10 and
t he i nt erdysteemcthel ehamnelsl RSd for ¢stimatingepathnlpss et irefierredOto o refierarcei ne t he
interference level, IRS, at the receiving station, received conmunications

fromthe 1 bl i ; 8. The
resul ti ng&%‘g@é@aﬂw@%ﬁ’gﬁéﬁ%ﬁ%ﬁg‘é@é’g’ﬁq‘gggﬁ“‘?ﬁ%ﬁ%‘@%ﬁﬁ%?Négsiﬁoﬁn%tg ion g_
device 70 and a data estimator device 72 in the time slots and with the
appr opr i attetiobdls thesxingmudicatien ispratarablyiserf aveaa dowdinkgyemmoo ghaomed.  The
channel information produced by the channel estimation device 70 is used by

an i nt er f & £OBRMAGRREYHABEPhyd6M (HanAdl {)GCF@H?r mne the interference |evel,
Irs. The channel information may al so be used to control the transmt power

| evel ef the receiving stati,onfg(]ilo. The chanpnel information is jnput to a
data esti mati dRaigdqibecommynigaiedto fhg HapsidiRg sabor dl#ovs thevelernrs. The
data estimation produced by the data estimation device 72 is used wth the

channel igHaanekis ferbsd tdas referaetclpanelr datal cChhateferendevchaanébdat igont r ol
the anplifier 54 which .controls the receiving station's transmt power

| evel . Prg, i [ Si ' . S T + Fquation 2
Ins is eig%gfatg(?éﬁglr Qe?%}cléﬁnggﬁ‘g‘g}sé?%%&&F %t%r Eﬁel?lgcéé\E?@g%C@tT%lﬁ%gﬁlgﬂ%@ to the
transmtting station 112. For downlink power control, SIRTaRGEr is known at
t he transme tarngnutinle gasource Waits UpAspdhkopotler copamupication’R pambwidths
signaled fromthe receiving station 110 to the transmtting station 112.
Usi ng Eq %&hﬁ@m@ntsE%%ﬁ)téaﬁirﬂg ard fr@hﬁirﬁﬁ_&(ﬂ;eﬁée RiseRfSn EeMias 58 préadariethé- PTS -
SI RTARGET+I'RS + a(L-Lo) + LG + CONST ALUE Equation 3 PTS = a L+(1-a)lLo+
RS + SIR TARCET TANT VALUE Equation .4 L is the path |.oss estinate in
dooi bel s elREGe ghagieh dfia apd iAkes BiCunshed Fatfienie dpeaine Jan Tl il pa
| oss was estimted. The long term average of, the pathloss, Lo, is a

a training sequence in the appropriate time slots and codes of the assigned resource

—

units. The resulting sequence is referred to as a communication burst. The
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 S0, spreading
and training sequence insertion device 52 and amplifier S4. The summed
communication bursts are modulated by a modulator 64. The modulated signal is
passed through an isolator 66 and radiated by an antenna 78 as shown or, alternatély,
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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runni ng average of the path |oss estimates L. The CONSTANT VALUE is a -9
correction term The CONSTANT VALUE corrects for differences in the uplink
and downl i nk channels, such as to conpensate for differences in uplink and
downl i nk gain. Additionally, the CONSTANT VALUE may provide correction if
the transmt power reference |level of the receiving station is transmtted,

instead o | ] . t ecel \d tjon is a
pase ot at P o HR TREREERIer SR pormbiicddon R HeGH) o AE o FArg
signaling. If the receiving station is a base station 301, the CONSTANT
VALUE is [0 graseakilledsiarthe arta suelyas dizeefindvaa¢ shift kepieg (OPSIK)i orgquestratare a,

determ ned by the quality neasurenent device 94, is a neasure of the

quality o hagbeslﬁﬁqd'egﬁfgg@%m_ loss and is, preferably, based on the nunber
of time sPots 361 - 36" "be vveejr} the tine slot, n, of the last path |oss

estimate and the first tine sJot of the communication transmtted b]éthe
transmitting stagiagennaB2 omalieraptely, gntennaarray s the fgnsmitipg stationek 12 |y, i f
the tine difference between the tine slots is snmall, the recent path | oss

estimat e yédelveR&atidut kadi8 Fedeudhey sigHald. ThegBteitéd fignalsute PasRE thfowle: By
contrast, if the tine difference is large, the path | oss estimte may not

b te.and t | t h | [ t |ikel
o bt  or e8iiIEcE ot RemBTRE T RRRhei By PREE FighaE, Tpe beSoiand
closer to zero. Equation 5 is one equation for determ ning a, although

ot her s nayighel ispedcessed; stch a{ by a chagneDéstamatieqpuddviicn88 aiitha datd estimddon s t he
nunber of tine slots 361-36" between the tinme slot of the |last path | oss

w110 BBt b Hp oA sRi or whOE it SRS CORE AL LT, e

slot, a is one. Dmax is the maxi rralmgi)oss,i ble delay. A typical value for a
frane havregmuni¢ation's buest.s| hes channgl estipption edeyitea$i8i commmenly vsegtheat er, a
approaches zero. Using the transmt power level, P.T.S, determ ned by a

transmt gawehg s‘@i&u‘éﬁb@édrﬁﬁor{&‘t’ irffthe $8scbahe si@h%tp?gvi@lﬁ%ﬂaﬁm PnfléPifation,
controller 100 sets the transmt power of the transmtted communi cati on,

step 48. Data tq be transmtted in 0 nication fromthe transnitting
Station | TEN e sk UAPEYe sbRansliooTif Sl B3{oPimioR o bidhe ot 2°i
spread and time nultiplexed with a training sequence by the spreadi ng and
trai ni ng sdguatpedévisePliand adwwerandBarementidevigefi2o pFhapewer lyekbbthe and
codes of the assigned resource

processed communication corresponding to the reference channel, Ry, is measured

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

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.

To determine the path loss, L, the transmitting station 112 also requires the

communication's transmitted power level, Tys. The transmitted power level, Tgg,

may be sent along with the communication's data or in a signaling channel. If the
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units. The spread signal is anplified by the anplifier 106 and nodul ated by
the nodul ator 108 to radio frequency. The wei ghted open | oop power
controller 100 controls the gain of the anplifier 106 to achieve the
determ ned transmt power level, P.TS, for the comunication. The

comuni cation is passed through the isolator 84 and radiated by t he antenna

wei gt o S Y e R S1GHE e SlndgndolEhlcit s i, P A s GBRAGE .01 o

a. These graphs 82, 84 depict the results of sinulations conparing the
per f or mandevick H) im&:rqpmtedﬂl@pewer bl aad sepdstheomperprated polwasddvélaophsyst em
controlling the transm ssion power |evel of the transmtting stati on 112.

The si nul f adi ng
channel  uRiEroS SHHAER IeeP U A IRETEodlink AR (0 3TE Bl MRE i vng
station is a base station 301 and the transmtting station is a UE 321. For
t he si mul préforably the tmsantiedpewer lewbl, (lgs.d8 serityia thetroadenst ehaapeb@EH3t at i on
301 used two antenna diversity for reception with each antenna having a
three fin 0. th® channel
and S R o D B O B R o SRy SR )

t he prese ce of additive white Gaussi an noise e si myl atlon used
an | nt or nits BhEP %’éﬁf’éé‘éﬁﬁﬁmﬁé’&imwcéﬂﬁ”bﬁ“@ﬂmt qﬁeﬂ%@ﬂe&ﬁl HesypaBhibanel
and QPSK nodul ation. Interference |evels were assuned to be accurately

known wi t pathdossres@ntationtdeviée 9 estimaedithe patiiers L. i wedvthecans kdaoas. The
CONSTANT VALUE and Lo were set at 0 db. For each of the povver contr ol

t echni que g 2 sho the ener I t e rrpl ex
syrnbol 1 nid@chEh Flersa  haRRaT el fn FlEaR o s Gibue
time slot delays, D, with the UE 321 noving at 30 kilorreters per hour
(kni h) . Astephblinln e¢rtdiowituations isftead deiragsnitting theveagdinigetdqmaverl lewgd, and
open | oop outperformclosed | oop. For higher tine slot delays, weighted

open | 0oPTOUURLLLN AL RILOPPS hBPRaARlr ol BRSELORR BB PoFLoure ©,

graph 84, §'m festlts occur e UE 3 1°1's trave ng at -12
CLAIMS What s clained is: 1. A nethod for controlli. transm ssi on power
| evel s i nleyekdnabaf caspfo Sha Ao HestaNtiQn dryicr i Rsev engeileyelsingthan

having frames with tine slots
path loss, L, and the long term average of the path loss, L.

Since TDD systems transmit downlink and uplink communications in the
same frequency spectrum, the conditions these communications experience are
similar. 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
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

7-



for communication, a first comunication station transmts a first

communi cation having a transm ssion power level in a first tinme slot (38),
a second comuni cation station receives the first comunication and
measures a power |evel of the first comunication as received (40), a path
| o0ss estimate is determ ned based on in part the neasured received first

communi cati on power |evel and,the fi ‘ﬁfgt tcommni cation transm ssion power
| evel (42%he rasoptied samupupgatien may differ r@@xthpﬁgloalla%i@m d5{IHDphase | evel
for a second communication in a second tine slot fromthe second station to

the firstcoinpiimdatRdgade Sehtifdiffdrin COMBISIHNB6]-B6, , B indeQist Ry B&bRen
wei ghted by a first factor with a l'ong terns pat'h | oss estinmat'e wei ghted by

a second factor 8), wherein the.first and,second factors are.a function
o T A s R PP IS S e At pela the A Lo CR 6 AR ePABY of
claim1l1 further characterized by: determning the long termpath |oss

estinat e hapesowér carasil siysteparTo gpaconr thesy digerbatkfal qudliog sneasttemings of
comuni cations sent fromthe first station to the second station (42, 44).

qual iy, 45%gFS A28 sRaficfuPhitiont splVes cSHROAG 100 Thmtifes BRTATLO (e

slots, D, between the first and second tine slot (46); and wherein the fast
fact or i sestimatdd path kse,mtep Hac tThe quality meagurenent devivcedd@élsovedigh their t her
characterized by a maximumtinme slot delay is Drax and the determ ned

quality) id .ned 7 fars Eﬁﬁﬂ 1. T iwclaim
1 furt her&éhﬁééggﬁgﬁ@ggqﬁyﬁtﬁﬁgnggnﬁ é‘?ﬁéﬁ% éfstllﬂg pO\(I)\gI” H“é%%%%?@fé‘% es for
differences in_the uplink and down|ink_ gains. 3) The ggt hod of claim1

further cRAVSElevel bydransmihgopier splamafiqmdeyige 28y step 48q148Allustertedhin second

station is a user equipnent. 7. The nethod of claim11 further characterized

by the fiFgduret 4t ieNwelzited 9pEn 966p r edifrdlle BEE@ofsistsasf @ie pswer base
station. 8. A spread spectrumtine division duplex comunication system

et ng 1 oS el PhaCEP T ERSs Colart TS Ahe e R Ronl g™ ™

having a txansmt power level in a first time slot is transmtted fromthe
first sta®¢,mdtiaGmit phwescdondtionalevine §8112) -14 receiving the first
comuni cation and neasuring a power |evel of the first comunication as
received, a pajfle 'fQﬁéwﬁ% iBhE of Shé PréeFeDSHeizhiRbopth 16bPpblvek tBntrol
algorithms. The transmitting station's power level in decibels, Py, is determined
using Equation 1.
Prg = Pgs + o(L-Ly) + Ly + CONSTANT VALUE Equation 1
Pgs is 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,
SIR ;Arce at the receiving station 110 and the interference level, Igg, at the receiving
station 110.
To determine the interference level, I g, at the receiving station, received

communications from the transmitting station 112 are demodulated by ademodulator

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

_8-



measured received first conmuni cati on power |evel and the first

communi cation transm ssion power |evel, the system characterized by: the
second station (11.2) conprising: neans (100) for setting a transm ssion
power |evel for a second conmunication in a second tinme slot based on in
part conbining the path | oss estimate weighted by a first factor with a

| ong ter | : i ; i first
and seco ngﬁgg t7 (k)) %Zlﬁaafgzitg uﬁ%‘#tﬁ Q%)(f%wap%ﬁl l%eﬁ@g%grgg ‘iﬁgin%tp tﬁ% gb ? #ersrtategn d
second tinme slots; and neans (106) for transmtting the second

comuni ca€Pdas assignedthedensmittingstasion’s ecpmmyaicatens.r B ehansiebmfpumetion evel .
9. The systemof claim8 further characterized by the second station ( 112)

further coriiceesty MRNEhdfftl LmalRiedvten g0t ie JsRRObYeRM RberbRss

estimate based at 1east in part upon an average of path’|oss estimte

comuni cati ons sent frpm%he first station tq the iqecsnd station. 10. The
syst em of MEASHIRITENE Gevicsr 74 Har dterping e pptarfrrenes devels kusi o he1atmnnelir ¢ her
conprises: -15 nmeans (96) for determining a quality, a, of the pathloss

estinat e hideatatth AyRASS be usedriiecomtfoll tha®ranbmitspovier ROEMEE e RBeilidgst and
second tine slot; and wherein the first factor is a and the second factor

is 1l-a. 11. .Th ystem.of cl.ai.m 10. further chayacterized a Xi mum time
ot el agarch SR TR Pannc I riatioads ised § Ylreingion Aty S 1"
(D-1) / Dmax. 12. The systemof claim8 further characterized by the
setting neansni¢ pbd@yr cadtidatidre devier . SHicodatp @sématiengirotiocabbpeahs alaea f or
differences in the uplink and downlink gains. 13. The systemof claim38

further c i : e j : i 30)
and the sgekg{)n @igﬁﬂoﬁ@?ﬁg@ eclfis?‘y 12’1 ﬁ@e‘?ﬁdé‘gg% %ﬁéﬁ@ﬂt{@?ﬁ @5%&?&@% és)"peer(m of
claim8 further characterized by the first station (1 i0) is a user

equi pnent cglevlption dlevige 6 donepnitalttheramplifigr $4 whishseondrals itha reedyingl5. A
comuni cation station (112) having its transm ssion power Level controlled
in a spr eggti(gﬂggaqtahMttljdmrqgvélsi on dupl ex conmuni cati on system the system
using franmes with tinme slots for conmunication and having a second

;::)nmemgi g?'fl ?26 ,Esaits'dgﬁzn(r&&e%)ustirrxgaﬁsqn&attfo'nrﬁ a first communication in a first

Prs = SIRparcertles Equation 2

Igs is either signaled or broadcasted from the receiving station 110 to the

transmitting station 112. For downlink power control, SIR,rger 1S known at the

transmitting station 112. For uplink power control, SIRsrger 18 signaled from the

receiving station 110 to the transmitting station 112. Using Equation 2, Equation
1 is rewritten as either Equations 3 or 4.

Prs = SIRqargertIrs + €(L-Ly) + Ly + CONSTANT VALUE Equation 3

Prs = & L+(1-0)Ly+ Ig + SIRpapgert CONSTANT VALUE  Equation 4

L is the path loss estimate in decibels, Tgs - Rys, for the most recent time slot 36,-36,,

that the path loss was estimated. The long term average of the pathloss, Ly, is a

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

9-



t he conmuni cation station conprising at |east one antenna (82) for
receiving the first comunication and transmtting an anplified second
comuni cation in a second tinme slot, a channel estination device (88)
havi ng as input configured to receive the received first communication for
produci ng channel information, a data estimation device (90) having inputs

configure j\ve b AR i ! p nyel

ot or mat | S RPRIRC SHeECORREARY, VAT SBHRUS (GE LI R RRS ilfe WORE. (02)
having an i nput configured to receive the channel information for producing
a measur eanghidowflinkr ehannelsd sucheas taewompensattdof idifferensemini uplinloranda

pat hl oss estinmation device (94) having an i nput configured to receive the
measur ed i PO ks [ ATCUREAS . j wer

| evel to‘g&tﬁf‘gﬁ% a@é;/%%dlgg\i/{\gﬂrly’ﬁggel o¥ tEe 1yitrst conggﬁcquégglegfrf or[pﬁ
produci ng_a pathloss estimate for the first comunication, the

comuni cahedrnsmigparerretersncerayel af dhe secaivigg statign s wregsmittsdyinstaadiofdevi ce
(96) for producing a quality neasurenent based at |east in part upon a tine

separ at i OfheQictidl @ranishfit pdweE, Bl OtIf aRE réceb@fifRehtion"® HbMe statibhi 305N power
cal cul ation device (98) having inputs configured to recei-ve the pathl oss

estimtio i.ty. measurenent for. produci ng,.a p contr.ol signal
based at rone TANT SAL A TeRRRY et e 1AM o Sleadude ! Hhihe FRtitea by o
first factor and a |long term pathl oss estimate wei ghted by a second factor,
wher ei n tdtatién st basedtamnodl], {lecCONSTANTHEAEW IS is prefqrably deine viglshyery
measurenent; and an anplifier (106) having inputs configured to receive the
power comny g&lﬂ ﬁ{‘gnal and a second comruni cation to be transmtted in the
second tinBEelotefor -17 anplifying the second communication in response
to the power control signal to produce the anplified second conmuni cation.
16. The comunlhawetghtiggaalem o detormined by the quality megsurespent devicei%ed by: a
data generator (102) for produci ng communi cation data; a spreadi ng and

trai ni ng iSAGHERGR: oNBE'quhREY dTeNeé ERinded pathdwsswhdas, prefithbl§ObddedwnQHet O
recei ve the communication data for producing the second conmunication in

the second tine slot;. an dul ator, (..108) havi n inpyt confiqured to
recei ve t%nfé‘?ﬁﬂfistfrpﬁﬁloz%g@nmm @5?‘8?1 sl}o&rn,%gﬂ? %tsf R‘Ef%tqﬂg ?ied
second comuni cation to radio frequency prior to transm ssion. 17. The
comuni caandothe $irst tima sfotlof 12 cafinginidation tenfmittedby dredramsnaittingestabgn a
denodul ator (86) having an i nput configured to receive the received first

conmuni cagi0NTEOVa10E O UGk FebiR 288 e d Genghaly, ifthe (e idde R betivigy channel
estimation device and the data estinmation device have an input configured

Lo recel e Lhe Rascband, shanalon | 1S cSOMUVARY P 3SR fla 230 ©f

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 is
most likely a better estimate for the path loss. Accordingly, « is set at a value closer
o zero.
Equation 5 is one equation for determining «, although others may be used.
a=1-(D-1/D,,, Equation S
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

-10-



the quality neasurenent is in the range of zero to one and the first factor
is the quality nmeasurenent and the second factor is one mnus the quality
measurenent. -18 19. The comuni cation station ( 112) of claim 15 further
characterized by the conmunication station (112) is a base station (30) and
the second station (110) is a user equipnment (32). 20. The conmmuni cation

t at I i t
?1?2; Olnsoéle ﬁser eé(glag H{et?x?\ §E‘%1 ?#?Eletﬁgg%lg (]ist&[?aﬁ on (?ﬂl%@)% Ql?lg ?‘g’a{se
station (30). -19
A A Al sthammaximat pogsiblelelay. Atypicalevalue fosgfratwe haying Aifiteenime alets 5. AHQ
\ FO8] QKMm S
; }xsnid Zdlfea]IPﬁleC@&lﬁﬂ@ gﬂeﬁf&calaf@}&a%h@saia@] Wdifglrekanbmtl sew&al cal ca
]%a] cRal *

] cal ca] ca] ca] ca] cal ca] cRa

i s =1

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]leap palertortlidrdaNGaistid trnéalit powbdf the transmitted communication,

"1 DEH#ASX SV YRZ&a&E&} Xxsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]
ca] ca] caj (‘ta])(‘:‘%] ca] ca]ca]ca]ca]ca]ca]calcalcalcalcalcaljcal& 'n''(c(((L)));
*x %] 4+ B --<...4//1100}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 00
1Y11202223WB333Tt444 Beitansahitted Jfira dommunication from the transmitting station 112
88888B9} xsnhc”Y] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]c

. 0/ < <E==x=j ==
) SR BB R I TP B g R i PR ) oy
ca) cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca caI 8AAAYB2B{ BB) C~CC) DDD+E4
EEEEEL FTRRcpboredHMrith ) irpipsng geqiqneg] bw]tedspegading apd alraisjngase@jegEcal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca! l HIJJJAKKK2LLLL/
MVIVNI NNOLjgk MR Ide@Q@@ R pptopdaté ]I 68 lagalcoat £ the heat had fe@be@kc a] calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca! GRRR>SS

Tj TTUI UUU! Vu

7 721} xstit7) E%feraréa?}%}ﬂl d%]aE’;Q]hcf,‘ﬁ]“cbé] eyt agd madulaet by 88 ca) ca)
calcalca]calcalca]calcalcalcalcalcalcal [[_[[\7\]\\\>]]]~3*"~1r2 Q Q a)
auaaa#bqhbhpdslaiat 108] toahdm| fteduemkya] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca! bcQccc?dGdddAecee;

fff. h™ hhi

kgkkElialg}gxsni Iol e] ca%l% ca c CO tro 1er ]Igg]ccoa trcoall c T(fga] ca)]fcg]eca] cajc
I3I I I1; Hoooo>pX

uicksl } éanpdicn 1108 &Z}aéﬁieﬁé} G oa C%]é%q G B9ES] Jay o) b 48] GBPoa] cal o

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caQ FeF@®! 10% u& ()- !'10% u& ()-10% u
&' ()- 10‘M&hﬁhfc&ﬁﬁfm.uﬁihé):0ﬁ#ﬂtﬂﬁfmté’ér(i)spE%dEﬁMu@ﬂ%@&'o{étor 84 1Rdradiated -
“110% u& ()- ~110% u& ()-10% u& ()-ML0% u& ()-] QAEOM 10% u&' () -
F M 10‘Vel{{y% l 10‘V & ()-)M10% u& ()-9't10% u& ()-%$10% u& () - KxnmbCl 10%g&
ey 410% u& ()-7M 10% u& ()- f5M 10% u& () -
39I 10% u& ()-Mn S dErer/I 10%9& ()-!10%& ()- !'10%& ()- G-
Figures 5 and 6 depict 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
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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109%9& ()- 3 10%& ()-y!10%& () - ; *i dEmbC' Z10%g&' () -,

t110%9& ()-!10%& ()- '10%& ()- 3'10%& ()- !'10%& ()- i R

MIEnBCO! 10%9& ()- 3.!10%& ()-+'10%& ()- y)!10%& ()-

& 110%g& ()-s$10%& ()-M \xnbC sZ10%& ()- 10g 10g 10g, ; 310%& ()-7
10%g9& ()- S5!10%& ()- 2!'10%& ()- \TdEnbd 910%& () -

109&Z&" () - YRd £0%7&" () g1z JO%7& ()= VLA & () - 1 1Q%Z& (.-
rodEnbCy#EABRIE b isc il e HERIHE Seqdon B 4486 sfaion, Mo gadths
Z"10%Z& ()-aWIEnbC13"10%&Z& ()- f/F'10%& ()--3"10%& ()- ) F"'10%Z& () -
3(1 10%Z&' (rpnsetiag &taidn MatdE 3009Eor the 3im@lAtion Aht QIS 32 08@ERA oblle station.
"109%Z& ()-6F"10%Z& ()- 34 "10%Z&' ()-

The simulated base station 30; used two antenna diversity for reception with each

antenna having a three finger RAKE receiver. The simulation approximated a
realistic channel and SIR estimation based on a midamble sequence-of burst type 1
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
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 (knvh). As shown, at lower time slot delays, both weighted open
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 km/h.

* * *
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R dENDC, | " 109& ()-1"109%& ()- Y " 10%& ()-10%& ()-1"109%& ()- "109%& ()-
6@EMbC 10%& ()- Y#109%& ()- F'10% ()- LY"109%& ()- Y"10%& ()- Y"10%& ()-
@ ?xnbCs10%& ()- 10 10 10<109&' ()-Y /109%& ()- Y , 109& ()-Y & 10%& () -
2aR dEMbCy 1092 &' ()-s10%& ()- 10%& ()-F !10%& ()- s 10%& ()-y, 10%& ()-
A- dEnbCS$! 10%2&' ()-"!10%& ()-, “!10%& ()- !'10%& ()- s10%& ()-
mo0o%& ()- pYdEMDC3 ! 10%& ()- Os! 10@%\'&5 Y. 1109%& ()- +s!10%& () -
)s! 109%2& ()-9's!10%& ()-Q) bCy !109& (§- sT109& ()- 10z 10z 10z;
310%& ()-7!10%& ()- y5s!10%& ()- J Alo!! "dEbC ! 10%& ()-Lyl0%& ()-
8&10%&' () - Witmds claamedi8:109& () - s! 109& () -
"1 DE###AEDCSM 1098 ()-"M 109& ()- S “!10%& ()- ! 109%& ()-"!109& () -
F110%: () - #43%3$%aRabhik3ior L05kdllingSRansiii&ioh) power levels in a spread
spectrum time division duplex communication system having frames with time slots
for communication, a first communication station transmits a first communication
having a transmission power level in a first time slot (38), a second communication
station receives-the first communication and measures a power level of the first
communication as received (40), a path loss estimate is determined based on in part
the measured received first communication power level and the first communication
transmission power level (42), the method characterized by:
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 (48), wherein the first and second factors are a function

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

2. The method of claim 1 further characterized by:
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 (42, 44).
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| .M 10%&' ()- s, !109%& ()-

S) 1109 ()-L' 1109 ()-9RZ& & & &a&&' bC ! 10%@& ()- ! 10%&& ()- 10 10 10;
310%&' ()-s8s! 109 ()- 5M10%&' ()- ' 'n'' (c((dEbCM 10%&& ()- YM 10%a&' () -
U109 () - 109%@ () - 109%@& ()- L, 10%@& ()- ((L)));**dEbCFI®! 109 () -
"M 10%& () - Mloo/@() 9°110%@& ()- M 10%@&' ()- ! 10%@& () -

** 144G, dEbC31 @ ( Ve f L1100 () -

*L110%@& ()-' cy@ T? &1",“?‘?‘?{%‘3‘% T@@W%c{%%@ ?{ 10@ 10@ 10@ ;
310%@& () - S8L! 10%@ ()- 6LI10%@& ()---<...4/]dEbCFs! 10%g& () -

s! 10%g&' ()- ! 10ghténmindsg aapphity, )i, ofthe Patogs estimate kgead pr in phOOHnumber
1Y1dEbCYs! 10%8 ()-, #10%& ()- 10%& ()- ss!10%g& ()-

| 3?‘1/%5/‘@,8 Bkt ?%ﬁé%%@@??ﬁ?sm%é%ﬂgﬁ%%@8%@?@%%1%c&l 1092 () -

1 1099°& ()- 10g 10 g; 410%& ()-f8! 10%g& ()- s610%g&
T444F555>6dEbC| mgﬁmm jhe Qrst faatar (s)ouamd%r&Sngnd ﬂa@t;%ll& eqcr 1 1099&' () -
1 10997& () - >666

4, The method of claim 3 further characterized by a maximum time slot

delay is D, and the determined quality, «, is determined by

a=1-D-1)/D,,,

S. The method of claim 1 further characterized by the set transmission

power level compensates for differences in the uplink and downlink gains.

6. The method of claim 1 further characterized by the first station is a

base station and the second station is a user equipment.

7. The method of claim 1 further characterized by the first station is auser

equipment and the second station is a base station.

8. A spread spectrum time division duplex communication systemhaving
a first (110) and second (112) communication station, the system using frames with
time slots for communication, a first communication having a transmit power level

in a first time slot is transmitted from the first station (110), the second station (112)

-~
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7Q777dEDCYA0%TE () - f#! 1090& ()-! 109%0& () - 10947& ()-Y! 109%T& ()-!109%0& ()- 77;
8888B9JELC3109& ()- 11090& ()-,/!1090& ()- ,s!109d& ()- s*109F& ()-
(10947& ()- B99999997: : bCl 109%7& ()- ! 10%& ()- 10T 10T 10T;

31009°& ()-8s! 1099& ()- 6! 109F& ()-:: % w, : <i <dEhC@ 10%0& () -s! 109T& () -

ss! 1090& ()- s!109F& ()-4 ! 109F& ()- @ 109F& () - i <<<<==i =dEbC#109T & () - S#

1099& ()-0"__1098& (3 - J00T& () -100A& ()- S 109q& () |== -
S Soatcidovi e fRg rpmhiedion bpd pRAbing v il level of the firs
'T11090& ()-1% ! 109F& () - 2a??2???@ @&nbCs! 10% ()- 10T 10T 10Tf;

10967& () - 8 cob@sifica)ion &6 TeddVa®; a pathdoss EiBAe)is deERmMRALBBLE
M 109& ()- ~'109& ()-F 1109 ()- fs!109%& ()-

M 109 - %B2B{ BB) C~CCdE (1 109K <. ..
M Tove: () - Theasysel roceuyoch B soruipiastion pRueRdeve) ops dhp s eommpegication
1t 109%& ()-. 109%& ()-f, M 10%& ()-

*: 11098 () transiiSékon poisdviaadgthe)syRERECFQAREEZEEYNC 10 10 10F;
109& ()-S8: 1109 ()- S5M 109& ()- "3109%& ()- 3109 ()- TFFGTGGGHIEYNC

sMLO% & () - ! 1Q%Z &eddrid'station (112) comprising:

means (100) for setting a transmission power level for a second

communication in a second time slot 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 a time
separation of the first and second time slots; and

means (106) for transmitting the second communication in the second

time slot at the set transmission power level.

9. The system of claim 8 further characterized by the second station (112)
further comprises:

means (94) 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.

10.  The system of claim 8 further characterized by the first station (110)

further comprises:
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11.  The system of claim 10 further characterized by a maximum time slot

delay is D, and the determined quality, «, is determined by

a=1-(D-1)/D,,

12.  Thesystem of claim 8 further characterized by the setting means (100)
sets the transmission power level to compensate for differences in the uplink and

downlink gains.

13.  The system of claim 8 further characterized by the first station (110)

is a base station (30) and the second station (112) is a user equipment (32).

14.  The system of claim 8 further characterized by the first station (110)

is a. user equipment (32) and the second station (112} is a base station (30).

15. A communication station (112) 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 (110) transmitting a first communication in a first time slot,
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time slot, a channel estimation device (88) having an input configured to receive the
received first communication for producing channel information, a data estimation
device (90) having inputs configured to receive the received first communication and
the channel information for producing interpreted data, a power measurerment device
(92) 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 (94) having an input configured to receive the measured received
power level and comparing the measured received power level to a transmission
power level of the first communication for producing a pathloss estimate for the first
communication, the communication station (112) characterized by:
a quality measurement device (96) 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 (98) 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 (106) having inputs configured to receive the power control

signal and a second communication to be transmitted in the second time slot for
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16.  The communication station (112) of claim 15 further characterized by:

a data generator (102) for producing communication data;

a spreading and training sequence insertion device (104) having an input
configured to receive the communication data for producing the second
communication in the second time slot; and

a modulator (108) 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 (112) of claim 15 further characterized by:

a demodulator (86) 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

have an input configured to receive the baseband signal.

18.  The communication station (112) of claim 15 further characterized by
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.

-18-

6



10<10%&' ()-16 "10%& ()-kk3lylll; mdEbCF"10% h& ()- ml0% h& ()- 10%

h& ()-LY"10% h& ()- 10% h& ()- 10% h& ()-; m mm{nrnndEbC- S10% h&' () -
*Gl0% h& ()-Y(10% h& ()- %10% h& ()- #310% h& ()-3 10% h& () -
nnHoooooooxnbC 109%Z& ()- 10 h 10 h 10 h<10% h& ()-6!10% h& ()-Y4 "10%
h& ()- 1310% h&' () - o>pXpppqqdEMbC<10%Z& () - 910%Z&' () -"10%Z& ()- Y10%Z& () -

F 10%Z& ()- m'10%Z& (. No l." . Head;. " '+ Head; 3]g" " di
S31c " Heading Adcr Thectmmpeior AAGRIFEDhIAE B AR SharacBRzedyng
83] c" "Heading 93] c"A "Default Paragraph Font #)06=SCl NSX\ Fagl nrtvxz| ~

&OB98AI GR[ it ¢dMEGIRSAbYKMionNi E2) isla base station (30) and the second station (110)
"#% (*G -/ Y13T4>67B9: i <i =?L@MBCETFHI AKLI NPQGR TUV/ XY[\ 3* " acdf hj k;
moqZ[ \ ] ~_".abcdef ghij kl m rstuvwxyz{|}~6Ti nes New RomanAri al Couri er New'h
Root Entr y\ﬁﬁﬂdﬁ%gﬂ@m&“t?g%%w ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

20. The communication station of claim 15 further characterized by the
communication station (112) is a user equipment (32) and the second station (110)

is a base station (30).
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