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DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM This invention generally r to
spr.ead spectrumtine division duplex (TDD) comruni cation sﬁﬂ%“ﬁﬂ\mm@%
particularly, the present invention relates to a system an

controlling transm ssion power within TDD conmuni cation systengis9if'gure 1

depicts a wireless spread spectrumtinme division duplex (TDD) communi cation
system The system has a plurality of base stations 301-30~. Each base

station 30IWEIGHTERGBEN LOOB PO WERCONEROIFIN ATEMEDIVISIGN
operating area. Comuniggipigs COMMUNIEA TION Sy §Faast ation 301 to a UE

321 are referred to as domll'l nk communi cati1 ons and conmuni cati ons
transmtted “

UE 321 to a base station 301 are referred to as uplink
commmm\\\\\m\ %\m‘\& addition to cgRERiCROUGpPVEr different frequency

spect ! ad spectrum TDD systens carry nultiple comrunications over

t he sane sp@®®rum The nmultiple signals are distinguished by their
respective chip code sequences (codes). Also, to nore efficiently use the
spread spect r ubhisTDYestion egencradlyi telaies taispreai rspecigumetimeudiasiemp eplexy
frames 34 divided into a nunber of tinme slots 361-36",, such as fifteen
time slot . o] i i } i L slots
361 36" uS me s o SR A AGGH Sy int CRIBE RERLRIL), e B Sel Jn SRS s OF
carrying nmultiple co ni.cat i on?, di stinguj shed by both tinme slot 361-36"
and code. aphgemand mghodforcapirelling fansmissioginayyes wittha TR comsnyndeatianed t o
as a resource unit. Based on the bandwi dth required to support a

comuni catsygem_one or nultiple resource units are assigned to that

comuni cat1 on. Most TDD systens adaptively control transm ssion power

I | s. . ' i . shay. h | I
and spect rum DRI GepisdS ooyt ORRE Ry s8Ry b Bty aR (ol o

comuni cation, all the other conmmunications using the sane tinme slot and
spect r um causeunipatent systame.e The systemdpesai plucalidy ofrbasecstations 30,A30.cdsaahy t he
transm ssion power |evel of one communi cation degrades the signal quality

of all ot hCatd s W R i S I ver,
reduci ng {B ﬁgee gggﬁ@g}o g%ﬁ‘“gb%%%‘@%@?@%‘ﬁ?ﬁ% gtsnl}?{]félzli %%ﬁhééeérsqp F g@ si gnal
to noise ratios (SNRs) and bit error rates (BERs), at the receivers. To

mai nt ai n B&E Comsmggasions apsmitedsfronyakase sttiramd: fpa U%%Et agetareesd on
power |evels, transm ssion power control is used. One approach using
transm ssit@as BeWATink ebinn@lnitdtichs @ad @odintsit aforiittdrisali fed 6oas s UFCEM o

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 sbectrum. 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

recei 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
receiver i t . 1 r

transm t ¢ O ASTyde 808} L oo ne ol FolshRIT} bk e BR BaskTop he
referred to as closed loop. -2 Under certain conditions, the performance
of cl osedbredpidh sequireddoguppes a qeanmipsaaAE,Ne dr vltipltesauicsrimitsane
between a UE 321 and a base station 30l are in a highly dynamc
environne?§ﬁ SR Bst eniupiddgenUE 321 noving, such systens may not be able
t o adapt as% enough to conpensate for the changes. The update rate of

cl osed | oop power control in a typical TDD systemis 100 cycles per second
whi ch is not smstéfﬁ%latswtsmaégpgvedapﬂatrehtaﬁwaugspr@wL@etem In 4TBY oses a
met hod for regulating or adjusting transm ssion power for signals between a

mobi | e st gydtern, ARdy @oBaReni8a@dnOmMay Bharedh@birab tiffbiloeahd®k Whéem To
determ ne the transm ssion power |evel, the nean val ues of the signal

strength a Iagnal, transm ssion quality are.det erm ned. .Bas on_t he nmean
val ves. o R et MRS, OF oG inel O Gt SRRy Sl 1 oeE o
for a subsequent tine period, assum ng the traasm ssion power is naintained
unchangedcofmmgurticatimeysi wsng thepsamae tineyvdbt and spectsubsauseintetfersacpeo ithal | s

adj usted based on the anticipated values. WD 98 45962 A di scloses a net hod
for contrglldiflg gomhfiediidnl ONIRQURNind Cte! tdhsRisiRN Rovi&" Tl of N

sat el Iite%:oﬁ‘rumeccatl on system Tﬁ%rm wer con%rosFR%et 3& hgés‘n%o?ﬁ %@e

cl osed-1 oop and an, open-1oop el enent. For the closed-Ioop.elenent, the base
station cagwmw%aélqufe&w&w ﬁk&nﬁf quality oball gthes sommupnigatiens wihin{bat
strength of the signals received fromthe nobile term nal. The base station

takes i nt dngcslovatd spectimpdiavewst, telueitp ik ttdisnisdien lpoerdyedlasoifar t he
power setting determ nation. For the open-loop elenent, the strength of the

enach YATRL LR R0 G100 e HOND i SIPARLIRLS,

power of the nobile termnal is adjusted inversely with the variations is
t he obser RegIV¢IHnall 0Osmaliiainh boike dlae dignal yqualigered remanyideatiqnsr and tlephat e
approaches to maintain signal quality and | ow transm ssion power |evels.

SUMVARY'  transmission power levels, transmission power control is used.

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.



The invention controls transm ssion power levels in a spread spectrumtine
di vi si on dupl ex comruni cation station. A first comuni cation station
transmts a comuni cation to a second comruni cation station. The second
station receives the communi cation and neasures its received power |evel.
Based on, in part, the received comunication's power |evel and the

comuni cation's sm ssion power level . a path Ss estimate i s

det erm ned. The H“?r‘l?gﬁ?‘i@lncﬁ? s, ﬁéq,g?ﬁQ%?ﬁ'gecquﬁdﬁgpp(§p{StPFrbanlng‘@des.
second station to the first station is set based on, in part, weighting the

pat h | oss gsérifBaficénfcémhaicitiny seat bétwiena VLB, andBRH&E sREESERBGTdrehh OF
THE DRAW NGS Figure 1 illustrates a prior art TDD system Figure 2

illustrates t.i lots, in repeatin ranes , of syst.em Fiqure 3 is a
fl ow chart Mg LRC EHEHO, tﬁg\%bﬁsgf}ﬁm g}e.a(I-E%l qi‘ilﬁ%'rsé‘ch YSIESaY r am
of conponents of two conmunication stations using wei ghted open | oop power

control . Firptite dblélepaddrs fast@nopghad cohpepestedontncehanigen Thealpdate £€bf
| oop, open | oop and cl osed | oop power control systemfor a UE noving at 30

kilometers per hour (kmh). Figure 6 depicts r.aph.of the three t.ens'
per f or nancéﬁ?iﬁdqﬁoﬁ@%‘?ﬂ WQ%GWHFPB?( ﬂﬁ%‘%‘b@@%ﬁﬁ%cﬂﬁr &quﬁg‘ﬁ“gh
PREFERRED EMBODI MENTS The preferred enbodi nents will be described with

ref erence ti§ nohsufficientrfor fasy fadisgwhanaelsi ke nunmeral s represent |ike
el enents throughout. Wi ghted open | oop power control will be expl ai ned

using the flow t { qu (8 O j ified.
conmuni cati on sf@ﬁ@o@ %ﬁ%% 4§El%§§pgﬁg%ﬁoﬁxgla\%&§ Eatﬁ}g 5%%?@@@?@&%5@

di scussi on, the comunication station having its transmtter's power

cont rol | ed pesvercforrsigiehls betwearha mobiles station mgdsa haseosiation inraddigital mobile
communi cation station receiving power controlled conmunications is referred
to as ther b\ i %]E{ﬁeu i v 1:98P th® may
be used for@%ﬁ‘?]ﬁﬂ?yﬁ%ﬁ{m?ﬁﬁ&or 1(% ty%\%gs[ﬁ%? co%ﬁli- (?atg?ons‘@{aﬁgmhéé)bf
transmtter having its power controlled nmay be.l ocated at, a base station
301, UE 32 thecignst sireneiored ﬁ@rga,ﬁ hiapswswr{apahw gﬁﬁqwﬁkmmmﬁ r ol
are used) the receiving and transmtting station's conponents are | ocated

at both thapbasealwea! a0 anBéipatedcsifml3iength and stgral uiality &% ¢dlabiang fdiea
path | oss between the receiving and transmtting stations 110,112, the -4. _

subsequent time period, assuming the transmission power is maintained unchanged.
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. terminal 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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receiving station 110 sends a conmmunication to the transmtting station
112. The communi cation may be sent on any one of various channel s.
Typically, in a TDD system the channels used for estinmating path |loss are
referred to as reference channels, although other channels may be used. If
the receiving station 110 is a base station 301, the communication is

pr ef er abl y thepievioes framéo Mhieitrin sedopowec btheeholsile erEnalgs a&}mté@inv@t’éﬁ%cm
Channel (CCPCH). Data to be communicated to the transmtting station 17T

over the ref.erence channel s referred to as reference channel .data. The
reference M vaggionsdn %Qﬁ%ﬁr@ﬁ& B‘ﬁnﬁpf‘t&qr@tﬁﬂg‘é"’?ﬁﬁﬁg&’ tﬂ%‘F&‘S gaweddonr
56. The reference data is assigned one or nultiple resource units based on
the comunialtairiadd appfoachyd @i mairain dighBinjualitfand leRdragnissioh i weivels.
sequence insertion device 58 spreads the reference channel data and nakes
the spread reference data tinme-nultiplexed with a training sequence in the
appropriate tine slots and codes of the assigned resource units. The
resulting sequence is referred to as a comuni cation burst. The

comruni cation burst is subsequently SGMMARY by an anplifier 60. The
anplified conmunication burst may be sumred by a sum device 62 with any

ot her communi catd.Qn I LaSkch as dat ener at or
50, spreading a?}ll& P glglli]ﬁgl’)]% 8@@%&%&5@%@%@?9&%&’%2@%@ 153 Sgﬁ%?%a %‘F’?’ép@4.
The sunmmed comruni cation bursts are nodul ated by a nodul ator 64. The

modul at ed dijsian duplpscosununicatiom stations ¢h firstrca3Bmamdcatizati staean sanamits a
antenna 78 as shown or, alternately, through an antenna array, step 38.. The
radi ated si i i r adi I t enna
52 of the CoaRnmbiRaRaTRERsdco bl caBbl SuicC he SeRRR s focBaR it
the transm tted comunication can be any of the those known to those

skil | ed i ncomengnicatien andamedsyres titsprrpstveshpowek dgyalg Bmesk)ororingpardy dieur e
phase shift keying (QPSK). The antenna 82 or, alternately, antenna array of

the transnidddivigi &drhiudicalibd' S RAGEMESelAlitBISoTAdirRc iR R BEImMEIIA GerT e
recei ved signals are-passed through an isolator 84 to a denodul ator 86 to

produce a baseband signal . .The baseband signal 1S processed, such by a
channel es?V Fd??tﬁelgﬁﬁgsg@a%nbs eg%{"ﬁ“%%t:ﬁéﬁﬁ@ﬁgﬁ’&ﬁ% Rsyver Vleﬂzfo’f e
slots and with the appropriate codes assigned to the comunication's burst.
The channekopshuniaation fbew toes®ndataton jo teefirst Istatianaisrsen hasatjornizepart,
conponent in the baseband signal to provide channel information, such as

channel |m&§l : o) T (PR L i ﬁﬁ% by the data
estimation é@lﬁ (l:liegegﬁi ;gaﬁgﬁgssp%&#ﬁ%‘éggﬁrlgﬁégéﬁﬁgéﬁ{ggés;cﬁ 8- power |evel of
t he processed communi cation corresponding to the reference channel, RTS, is

nmeasured by the power neasurenent device 92 and sent to a pathl oss
estimati on device 94,

BRIEF DESCRIPTION OF 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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step 40. The channel estimation device 88 is capable of separating the
reference channel fro mall other channels. If an autonatic gain control
device.or anplifier 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 neasurenent device 92 or the pathloss estinmation device

94. To determ : , LOSRS L : afd %&&l

requires the cg?n%%%%gfléghdg?@roafr?gn@#gy power(; F%@%ﬁﬁ%ﬂ%f e sf\gs?]fg%] tted
power |level, TRS, nmay be sent along with the comrunication's data or in a
si gnal i ngw&fﬁﬁ@ppeﬁoqmeower%ml- level, TRS, is sent along with the
communi cation's data, the data estinmation device 90 interprets the power

| evel and sendgisiy@ 5 QEFicR £5@phRIRE pbaYAhat@ dtfaewe@mécpégerﬁﬁid MBhePN
device 94. If the receiving Station 110 is a base station 301 Sre erably
the transmtted power |evel, TRS, is sent _.via the broadcast.channel (BCH)
from t o Ranst BIORGH Iag Powgr GO yBIENy fatb U Ve I EAS B <
power level, RTS in dB, fromthe sent conmunication's transmtted power

| evel , TRBoun(ldiyh)t he pat hl oss estinmation device 94 estimates the path

| oss, L, between the two stations 110,112, step 42. Additionally, a |ong

term aver age of..t | 0SS L $ 4 | e in. .
situations, i n&%@ﬁe @&éé}f;%r?sgﬁibﬁ Pﬂgfet‘#g&t%%é‘?% #?‘Z&%}%}{%&O? %yéb? MOYRE  { he
receiving station 110 may transmt a reference for the transmtted power

| evel . I nat6@kmfhse, the pathl oss estimation device 94 provides reference
| evels for the path loss, L, and the long term average of the path |oss,

Lo. Since TDD systens transmt downlink and uplink conmunications in the
sane frequency spectrum the conditions these comruni cati ons experience are

simlar. Thj i i orocit procity,
the path 100U EATCRIERESCREFTIGN G nrERrIFERIER e uNENR T o7 e
uplink and vice versa. By adding the estimted path loss to a desired

recei ved power Thepetfenad endnalimssisomilijmndesctibed wiftoreferencertauthearbwaig f r om
the transmtting station 112 to the receiving station 110 is determ ned.

Thi s power; : I i OPa: r ol .
Gpen | oop B oiirp HEERAEE teprd B Akt B8R BN WReip ok
estimated path loss and the transmtted communication, the path | oss
exper i enc@8Wgycontrqlyallbesxplainadasingibedloveghartel Mgpredend thecasnpaneats
calculated loss. In TDD where comuni cations are sent in differing tine

slots 361oBbwo strhglifiédomhRinicitlonystasnseld0, 122 ek showarid Rigarsdl Foethe
comuni cati ons may degrade the performance of an open

following discussion, the communication station having its transmitter'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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| oop power control system To overcone these drawbacks, a quality
measur enment device 96 in a wei ghted open | oop power controller 100
determ.nes the quality of the estimated path |oss, step 46. The quality
measur enent device 96 al so weights the estimated path loss, L, and | ong
term average of the pathloss, Lo, to set the transmt power level b

y
transmt . t1in0 i 08, . 48 il.Lustrated.i Lqure 4,
the. el ghiArSE ReFigh A 10oalS KsR ittt o sttt G 1o mie
measur enent devi ce 92, pathloss estimtion device 94, quality neasurenent
devi ce 96¢communicationnay bovent arpanyudne dHvarieus chan@éls. Typidally, ama APDs one
of the preferred weighted open | oop power control algorithns. The

transmtt] t atld on, veled. 1 e IS qdet ] si ng
Equat i on Dresicie GlheRUR Ko iohdtice udCleRs ofF Pefed ] RO RARDA®, 09,
power |evel that the receiving station 110 desires to receive the

transmi t t fhannelsagithongh ofberrhanaels may beised, Iipheyeceivieg eationdd0isa base
desired SIR, SIR TARGET~ at the receiving station 110 and the interference

level , | R}atigh 30))¢hd &iftnNAtISh ¥ preferdBly sed o b oW ki dninBhehhghance
| evel , IRS, at the recei vi ng station, réceived comuni cations fromthe

transmttin tation, 112 e.d dul a denodul ator 68. The resulting
baseband %ﬁ% %“B;O(S‘é‘é’éggﬁ?wé "é’§[ é‘gcgﬁéﬁannel estimation _g_ device
70 and a data estimator device 72 in the tinme slots and with the

appropri ate coDe& tedsi gnashuhivatddr tartheitdansmigtisg atation' K 2covernthe ¢efeieaice. The
channel information produced by the channel estimation device 70 is used by

an interf . ' er{y interf nce | evel,
RS, The CHIREEHTRPUREL A soREHRG dhond by The Tefkiise NeiohEl 8REds: “pover
| evel of the receiving station 110. The channel information is input to a
dat a est i generatad By r@germcmmnacltdaéa\gmqramﬁér Thgireferendecintapvassignzd. The
data estimation produced by the data estimation device 72 is used with the

channel i ghOrdRthAMpRY febSurct aNAIT t bae¥ebnC M WorhmARicABY¥hS e bdRdWRicgONt 1 ol
the anplifier 54 which ,controls the receiving station's transmt power

level. PRS is determned usin uation 2. PRS = SIR, TAl +| RS ation 2
R s o qRedgfin Adpaadins ot HeuE Peisnc el df oS SBAREHTES t o t e
transmtting station 112. For downlink power control, SIR TARCGET is known

at the trefieentd Ciegnst datacnd dkes e sprphd ndfepnee dataotine ahultipldX edARERT | S
signaled fromthe receiving station 110 to the transmtting station 112.

Usi ng EquathQfingsedadtad irfe 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 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
passed through an isolator 66 and radiated by an antenna 78 as shown or, alternat€ly,
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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lisrewitten as either Equations 3 or 4. PTS - SIR TARGET+I RS + a(L-Lo) +
Lo + CONSTANT VALUE Equation 3 PTS = a L+(1-a)Lo+ IRS + SIR TARGET+
CONSTANT VALUE Equation 4 L is the path |oss estimate in decibels, TRS -
RTS, for the nost recent tinme slot 361-36" that the path | oss was
estimted. The long term average of the pathloss, Lo, is a running average
of the path |loss estimates L. The CONSTANT VALUE is a correction
term The rogsdatiorrused 1o theirarsmisted somamynisatigean benamh@F thelthese knaown
downl i nk channel s, such as to conpensate for differences in uplink and
downl i nk ggitRoscAldliléd fnee! att, shble aSdivedPilasy AhiEKERY: RUPSIQ?OP@M&QI&]&@” L f
the transmt power reference IeveI of the receiving station is transmtted,
i nstead of .t he a tual t power, TRS. If the receiving station is a
base st at iRSRSGELt lieri'é“&fﬁgé VALUE is preferably sent via Layer 3
signaling. If the receiving station is a base station 301, the CONSTANT

VALUE is pref erfil antaani82on altayenel, @itenal drray ofTihe tiskgiittingbtatidrlE12 a,
determ ned by the quality nmeasurenent device 94, is a neasure of the

iy olrstdVetindR S icildhende 3ieif. e RfVEl ks FR3RS S ko ™"

estimate and the first tinme slot of the comunication transmtted by the
transmi t t iamgiselagari &hta a 2emmidalatar §6 tofpreduce 4 baseband sigmaloithe (Geebamd |y, i f
the tine difference between the tine slots is small, the recent path | oss

estimte Vﬁ%dal Eagprt)@ésrslsd' ?ﬁ 4§ ﬁ%‘ﬁ cﬁEH'neﬂ eb@mﬁﬁ% aéweﬁgﬁlaﬂﬂ addig EstiBaiie: BY

contrast, time differente 1s |arge, e path T oss estimate nmay not
be accurate and the | ong.term average path | oss nmeasurenent _is nost |ikely

a better &evigeadd tpithe Hgnﬁa&lwsws% Wlﬁh;ctb@ FAPPEPRIIate qasles cassigned tpathe

closer to zero. Equation 5 is one equation for determning a, although

ot hers mayohnusieskions Hutst: The -channdn@xinkiioat 46&AcO §Bheomalomdy ules iife t he

nunber of time slots 361-36" between the time slot of the last path |oss
estimate gnd the first tine sl ot of ng rans ted({:om‘runlca on _whi ch

will -10 UAHNESPEEH COBPIRCRIR thebracand g igproyidahanpehialormatighe i me
slot, a is one. Drax is the maximal possible delay. A typical value for a
f rame havisngh fas chamrel timpelssiresonses.siThe channdlanfietmyionss Disedk byrthgdatt er, a
approaches zero. Using the transmt power level, PTS, determned by a
transmt RO¥RHHERIEVICRI0CMICLYSWEr RBasurbRe et OFRR power level of the

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, Tgs. 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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| oop power controller 100 sets the transmt power of the transmtted
communi cation, step 48. Data to be transmtted in a comunication fromthe
transm.tting station 112 is produced by a data generator 102. The

conmmuni cation data is spread and time nultiplexed with a training sequence
by the spreadi ng and training sequence i nsertion device 104 in the
appropriate t| ts.and copdes 0 assi gned r,esour nits. The spread
SPonar 1 o romarTFyaly Ty i T e vitbihe setiRutigian S8 B drla waianor 108
to radi o frequency. The wei ght ed open | oop power controller 100 controls

the gai n afevidec9(rimerpretethd powes lacdhiaad aschde titeinesrptdied porwairdsvél Baner
level, PTS, for the communication. The communi catr on i s passed through t he

i sol ator 84 nd r ted b nna_ 82. Fi 6 depi aphs
530 5t 1 EAUPe FE R EYieb Sl B8Rl et RO 358,15 Roke STl g
Equation 4. Equation 5 is used to calcul ate a. These graphs 82, 84 depict

t he resul tmefefatdy the taansonitted popar levgl, (e ipserftviathedeoadcagt cﬂmngbt @CHpen
| oop, an open loop and a closed | oop systemcontrolling the transm ssion

por T or mancl Binq e SERORR0 B kU BT koot ERo RSN F o FRERERE, . C

-11 conditions. In this exanpl e the receiving station is a base station
301 and t Hast 8Rs rfrqmrthgS@ttmnun@aeommmtmpwer kiveli lasiindB,tthe UE
321 was a nobile station. The sinul ated base station 301 used two antenna

di versi ty paflodsSSeipidtion divite 98 ebimatcs e phdViosd 12 Between tha ey staﬁt;ﬁs
receiver. The sinmulation approxi mated a real i stic channel and SIR

estimtio a | e seq ence of burst _type ldin the
presence 31‘18 ﬁﬁf@?%‘?%mﬁga i %F%a(?l{\‘i\é’\l? ﬂ%{ﬂ%“ép tisaipdaedd an
I nternational Tel ecomunication Union (ITU) Pedestrian B type channel and

QPSK nodulstepi 4. [t perainesigiatons,dustksad o€ ranaaiting dhd tabhanaedypoveal lgvdnown
wi th no uncertainty. Channel codi ng schenes were not considered. The

Cechn qued g aoeei e TR 0 el bhimta vePACA or B ARUERGELRURL ) o

symbol in decibels (Es/No) required to maintain a BER of 1 % for various
time sl ot lensl alpghatmaseithepathlosyestanationdevies ¥ pryiddsirefestnedeyrds farthe
(kmih). As shown, at lower tine slot delays, both weighted open | oop and

open | oop patH 1BSY, ﬁpraﬁﬁﬁcth@ﬁﬂ% leBPRvelde d’f'tH@Pﬁthtle@? Il ot delays, weighted
open | oop outperforns bot h 'open | oop and cl osed Ioop As shown in Figure 6,

graph 84) sim garcerfﬁﬂ systgrﬁg "tlranlsrfmttyowrﬂltznl?%rltdIusphtnE(acVoenlulnﬂ ica 1039 1# rﬁe -1z
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-



CLAIMS What is clainmed is: 1. A nethod for controlling transm ssion power
|l evels in a spread spectrumtine division duplex communi cati on system
having franes with time slots for communication, a first communication
station transmts a first comunication having a transm ssion power |evel
inafirst time slot (38), a second conmunication station receives the
first communication and neasures a power |evel of the first comunication

as recei vée pamymittgd ﬁéﬁhﬂlﬂ@i%tl@smaﬁﬁ]ﬂﬁei fomethe caloydated lossd Io ADIA where t he

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

communi cathiniBARHs3Ré SEhcRRWRTerh e (i) 36186, BRS Rf SIAICR/Iixkedl bY:

setting a transm ssion power |evel Tor a second Tommuni cation’in a second
time slot fromthe second station.to the fa ation pased on_in part
conbi ni ng redsavesband transanitied compaunigatipnsdea aa W@tpargmwcapf Al QP¢ng

termpath | oss estimate weighted by a second factor (48), wherein the first

and s eCOﬂ(ﬂocﬁpﬁFéWéﬁc&{tﬁ)I%yﬁ‘éﬁptT@ Bveicotne these drapdadks, anquadlity heeakiitefiengnd
second time slots. 2. The nmethod of claim 1 further characterized by:

det erm ni rm.pat h | 0Ss esti Jeast In upon an
aver age. ofiSHisE ROy BPLLIonp RRufR G aterorhl desfiminF e BBt pe
station to the second station (42, 44). -13 3. The nethod of claim1l

furt her clestimatedrpatteibsoystep diberThaquality nogsahiamentaicvide Ahalspardighbsthe
estimate based on in part a nunber of time slots, D, between the first and

Pactor i s ot pelfbloss 3o al1BhE il i of #@%“ﬂ%ﬁ%&%@%ﬁﬁmﬁﬁﬁfwm

time slot del ai is Dmax and the determ ned quality is determ ned by
a=1- (D- 1) posemiew] byhsangnih vt calculagion fnglE?ﬁe(’rs @H%B 4& s 2Hestijed e set
transm ssi on power |evel conpensates for differences in the uplink and

downl i nk gjnice 46 thel RRigRENUpel loopapddr EoritIBr LORICOASISIS dRthddpotwbe first
station is a base station an the second station I s ‘a user eqU| prrent 7.

The nethod of cl 1 fugpth t t _stat
ecloi prent ARG BE A 02 A BN PEBiRt B asdoh dfeliy RSPkl asled um

time division dupl ex conmunicati on syst em havi ng a first ( 110) and second
( 112) co®6yand ahnanit poster calculdtiondevie®isi ng franes with

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.

P = Pgg + a(l-Ly) + L, + CONSTANT VALUE Equation 1

Pgs is the power level that the receiving station 110 desires to receive the
transmitting station's communication in dB. Pgg is determined by the desired SIR,
SIR p4rcer at the receiving station 110 and the interference level, I, at the receiving
station 110.

To determine the interference level, Iy, at the receiving station, received
communications from the transmitting station 112 are demodulated by a demodulator

68. The resulting baseband signal is processed, such as by a channel estimation
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time slots for conmunication, a fast conmunication having a transmt power

level in a first time slot is transmtted fromthe first station (110), the
second station (1 12) -14 receiving the first conmunication and nmeasuring
a power |level of the first communication as received, a path |loss estinmate

is determ ned based on in part the nmeasured received first comunication

power | ev ISt ! | o4 - L SB4 r.level. the
Cyat em chaeyRecrd SR hRlesHRIAUERL 2 d RIER SRS Bnd AR areBrondial} (1 00)
for setting a transm ssion power |level for a second communication in a
second ti meds$ awsigneddhe tansmitipeg stadomdcomnynidasiopst The obanned informetioei ght ed
by a first factor with a long termpath |oss estinmate wei ghted by a second
factor, I 0.t ' a agdva el '

separat i \gﬁﬁ{#ﬁé&ﬁew i Eﬁs‘{ %glﬁgﬂégegong ??ére slé)etgs'7§i)r gsngugr?ga‘ri?g ?ﬁo@iteﬁglﬁehgg
transnnitting the second communi cation in the second tine slot at the set

t ransni ssireeAsyERmaent| depice 7¢. tordetesminee theointerferiereg levels Aey  diher ebansel zed by
the second station ( 112) further conprises: nmeans (94) for determ ning the

| ong t er mipRdrhation mBPalsIWeskadI6 Godtro] @RStFanshiPPoWetRYRI 8N HRYRIcBEAS! Path
| oss estimtes of cormunications sent fromthe first station to the Second

station. 10., The system of clam8.further characterized hy the first
Station ( Stion Figh R S iadhiionls inpur it 448 pishtan dbriee daapca
quality, a, of the pathloss estinmate based on in part a nunber of tine

slots, D, thekwiepowdecilcukitioardbviec®O.0The detaséstimativndpridaced byt the ddta St
factor is a and the second factor is 1-a. 11. The system of claim 10

further charact.eri i ' : j nd.t he

det er ni ne%%ﬁ%kllgbyié%gc,cb?%%de er%ﬁ]etﬁé gﬁa@eﬁ‘!‘g’?‘lﬂgﬁ?h?’y@g@%@ Re&WEL st em
of claim8 further characterized by the setting neans (100) sets the
transm ssiceleulasionr deeive| 76 to conisehther amplifiediSAf whigic gentrelst the ngebiving and
downl i nk gains. 13. The systemof claim@8 further characterized by the
first staifdnlsliddsnlifpswbARest ation (30) and the second station (112) is
a user equipnent (32). 14. The systemof claim8 further characterized by

e first sta IP?z?iS( (}etex)min@d using Equation 2.

Prs = SIRparcertlrs Equation 2

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

transmitting station 112. For downlink power control, SIR,per is known at the

transmitting station 112. For uplink power control, SIRpspger is 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 = SIRpargertlps + €(L-Lg) + Ly + CONSTANT VALUE Equation 3

Prg = o LH(1-a)Lg+ Lgs + SIRppgert CONSTANT VALUE  Equation 4

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, Ly, is a

running average of the path loss estimates L. The CONSTANT VALUE is a
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is a user equipnent (32) and the second station ( 112) is a base station
(30). 15. A commrunication station (112) having its transm ssion power |evel
controlled in a spread spectrumtine division dupl ex comuni cati on system
the systemusing frames with tinme slots for communi cation and having a
second comuni cation station (110) transmtting a first conmunication in a
first tinme slot, -16 th i i stati C ri sing. | e one
ant anna. (89eftisin feEdei TG VST ANE P A TR ePeca Tof Aerefie et hevibipkan
anplified second comrunication in a second tine slot, a channel estimation

devi ce (88nd hwwinlnkachameld, suehf agbe ednipensate efoy ediffeeerioes einveplink rasid
communi cation for producing channel information, a data estimation device

(90) havi i t S. copfyl t ! i e i gation
nd ¢ he. cHawRORK R PAGY bR Efy Re IR ALER a0 ohofidt SRENE £
measur ement device (92) having an input configured to receive the channel
i nf or mat i B¢ GasnpE porver E¢§eraﬂ¢ﬁb]&§dr@frfgﬁ reqsivipg siagionies trapymited, instdadatf t he
first conmunication, a pathloss estimation device (94) having an i nput

confi gur eghe LthAGRINFiE B@WE?,GYF%JSK e the G8¢el PagPNRIn 150y BhsABd (68 R dhgd t he
nmeasured received power | evel To a transm sSion power |evel of the first

comuni cat | f i a pathloss estimate for the fjrst ..

communi caa(ﬁﬁ$Tw ydﬂﬁﬁ#} %a?‘ie a@tya"'tqnéh’w( Lﬂﬁr 8 B8y iffége BGCerYnNgual ity
measur enent device {96) for producing a quality neasurenent based at |east
in part up@tofid 4 bRsesstimidBB0QtheoCONSTANTVALUE is prdferably sen$ @tohgydri me
slot; a transmt power cal culation device (98) having inputs configured to
receive t?empn%ihl oss estimation and the quality measurenment for producing a
power con P Péhal based at least in part upon conbining the path |oss
estimate weighted by a first factor and a |long term pathl oss estimate

wei ght ed by a ‘FTheavedghiting valuewhetat¢mningd byithe quality measoraiménictesics e based
on in part the quality neasurenent; and an anplifier (106) having inputs

confi gureg 4 bVt 1iBAY_h esithheH patidiossd akR, Pref@aBRAbsQRABHEAt | On
to be transm ﬁ%‘gl@i n tetﬁig%slecondeti me sl g? for -17 ﬁra anpp?fyi ng the second

ol 11 canUEBEHAr GBRRIR o PonboEe R i o hprest palh B toHEmteof

claimlS further characterized by: a data generator (1Q) for producing
conmuni cahmndthed@tsating siqrafate ogmamnditatannirang s ted by ¢lee trasenitiing sddence
(104) having an input configured to receive the comunication data for
produci ngy§ R TREGIAM of o is from zero to one. Generally, if the time difference between
the time slots is small, the recent path loss estimate will be fairly accurate and « is
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
to zero.
Equation 5 is one equation for determining «, although others may be used.
a=1-D-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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conmmuni cation in the second tinme slot; and a nodul ator ( 108) having an

i nput configured to receive the anplified second comuni cation for

nmodul at.i ng the anplified second comunication to radio frequency prior to
transm ssion. 17. The conmunication station ( 112) of claim 15 further
characterized by: a denodul ator (86) having an input configured to receive

t he recei irst co |ca for oduci ng a basehand si gnal; and

wher ei n b Fﬁe{eﬁ'@aéﬂé‘ﬁ:ﬁ]ﬂug %‘?‘?1 HpéngsfaémgOPﬁ 5 Pé’é’c“ﬂ’&t iBrexd®vi ce
have an i nput configured to receive the baseband signal. 18. The

comuni cathieamasinadlipossiblelddlayf Adypical ddué fortdframe havary fiftecredmisldts és

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

t he quali c | it
roasur e AL B ol BReabdr @ MBRANENRS b, “PFinE Me3phif iRt ¥
further characterized by the comrunicati on station (112) is a base station
(30) and lavel.dagletermined bya (ranemitipower galonlagignideninet 98, 8% weiphtediopen
comuni cation station of claim15 further characterized by the
conmuni ca station
(110) 1 ot eoftolids i) deks g Haimit 3B TBEMg rfBdrpt doimb AN,

AR A, A . Aae, A(e Ae. A" . AYnl . AY[ LI . AHY. A, AY. AYQR<E. SGA?_E

| } xsnid Z‘]eé’aﬂ a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] calcalca]calcalca]calca]c:alcalcRal[D
?MEN SRF} wr nhe” Bhgadodn] easedlied s a Yd emhfiad frincfedeahe ahfshiahg al-gdhcalxal caj ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <A8%s. Z- OQ.~o| w nhc’\Y] cal ca] ca] ca]
oLy oLy enfonpobest 6Pheatl selkeabe tha i sasshemarbaahsshrabithighe) o oo
6! d! I R""" O###) SnBSNIREROKVE} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a) cal ca) cjutdpleatd:afidalc ahinihg aeqadina) by tba)spajactips afnca ranjinglsegsahas ' (X( ((

A)))O***' +y+++= | | .(/}//%0}xsnid_Z]]ca] ca]ca]ca]ca] ca]ca]ca]ca]calc

aJcalcalc $0} 001L
1£15]222£J@ké@éﬁ%@@f@ééﬁ%%ﬁgk%zké€’;@ﬁ% ARk pLAR S pRE AP BR T o
a] ca] ca] ca] ca] ca] caj ca] cal ca] ca] ca] ca‘]jca] caj ca]ca]ca] ca] ca]cal cal ca]ca]ca!8
8829999/ : l_lm,tg, : gnal is amplified by the amplifier 106 ‘and modulated by the

=Y===P>{ >>>>>>>>{ vqkf a[ V] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] c
a] ca] ca] cajodal4ad reY crlada] erefje@lsal cal cal ca] ca] cal cal >T????>@a@ A~AABSBBBC
pCCDt DDE&EQEEEE<FDFFFCGGG} xsnl d ?] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

| ca] cal cal cal cal ca) cal cal cal oq) Gal calcal cal gal Gabealalisaheah SRR 1114))
S
NXNN8O' OOOCPPP4Q} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] capwplitiaf cliioc 49 catheaec die aletainiagd dianainita poatiet Qe@e RURRPIRRRIS} SSTUTT
TRUWU

Jcal ca] caf o8 fa%i&] AT AP R ) A R GO RIBERT) [T

\#]r]]]erx/n “}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca]ca]calc
a] ca] ca] ch]’é‘?f] %‘Ef’é‘&] %%c] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " aaa
aXaaabSbbb3ccc! d) ddd#eueef pf f g*gggBhhh8i i {vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] caf r@alszah@ai depicalgegitzaB2ag4 dllaatanlc dlec peaahfisdceadf @al caVv] c
alii-jvjjjjkKkkkl]1T1 m@mm

T A e PP

& 10%}| & ()-L:110%}| & ()-s10%}| & (
f10%4| & (ThddelBaghe82,)84" depriet|tis (e)sukﬁoﬂﬁmuxatmp&\p(aymg tBé peFdinsande-of
&8) 10%| & ()- ! 10%4| & ()-1s10%| & ()- , L10%}| & ()- SGIE 1&! 10%4| & () -

nyiggﬁi g %gv]%ggt'eﬂi%ﬁ%@({%@ a,nzg‘b/é'g%%f‘aﬁ)i "a ctbied |l§‘t')[S )s'ystcm 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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104| 104| 104| @& 10%| & ()- 5& 10%4| & ()- $3!10%4| & ()-? E

dEbCs! 10%& () - s!10%& ()-"s! 10%& ()-s! 10%& ()-G 10%& ()- @ 10%& ()-
-| [ dEbC39%4.0%& () - " F10%& ()- ! 10%& ()-&s! 10%& ()- ! 10%& () s! 10%& () -
D

’>dEbCL3 1 10%8& ()-0° !10%0&'() 1109 ()-,, s 10%& ()-) 1 10%& ()-' ! L0%&

- MoCni' 10% Y1 0%GE: Ob 10k, 10b 10%¢& ()-8 .
10%3& ()- @n%tﬂ%')* (- 1y ex @&fﬁewmgr‘é 1452 %%‘/&Latggn 30, and the
m' 10968 () - " 109%6G& ()- " 10%5& ()- ~SAEbC&LO%EE () - #Z"10%3& ()-L! G' 1098 () -

G'10%x' ( transinl®iHStdtionds 4 OE ( For ednGldtbn] HE®SE BR; was a mobile station.
14" 10968 () - y/G 169%G&' () - - 4" 1098 () - *G 10%3% ()-  FmlOY%Gs: () -

O e a5 YA S o with cac
109%&' () - 10%& () - 10%& ()- %. ZdEbCY & 109%& ()- ,' 10%&' ()- #10%& () -

Y"109&' () -anteihadRar/idg antht€Engdr RAKBEGetO R (l)he‘ Jiatdi&ti¢n -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 O 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). As shown, atlower 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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10 10 10&<10%& ()-Y /10%& ()- Y ,310%&' ()- O@~dEbCF10%& () -

109%& ()-s10%& ()- 10%& ()- ! 10%& () -

@0%& () - ~0"dEbC M 10%& () - F9M 10%& ()-"" ! 10%& () -

1 110%& ()-9M 10%8& ()- 10%é& ()-~GBIEbCSM 10%& ()- s3M 10%& () -

1M 10%& ()- .M 10%& ()-S, M 10%& ()- *:!10%& ()-B?

bCf M 10%@& ()- M 10%@& () - ! 10%@& () - 6%0&1%,)@{) 10bf; 310%& () - BM 10%& () -
6! d!l 1! R"dEbCO! 10%@&' ()- f9!10%@& ()-1 ~ 10%@& () -3:! 10%@& () -3
T1109%@ ()- R'""9###) $AEDC L! 10%@& () - 90! 10%@& () -, #9! 10%@& () - 9! 10%& () -
s9! 10%@x ( Whatds therad(is: ) Snb$%/I0ERJELCL6&! 10%@K () -

39! 10%@& ()- Y19! 10%@& ()- .9! 10%@& ()- , 9! 10%@& ()- *9! 10%@& () -

&O&SETRUENVEEL bG310% &' O R - o & () -
310%@& ()-8L! 1 0%, (§1§‘ &éﬂ&%ﬁé&@%&ﬂmﬁ%ﬁ%s@ﬁc@ pov@e@@e%@@ g spread
9! 10% & ()-39! 109% & ()-3L9! 10% & ()-39! 10% & () -3l 9! 10% & ()-410% & () -
(A))) 0* * * d B trymstingodigigipn duplex romgmaunication sysienghaving frapiesoviglatine slots
9l 10% & ()- |1 & 10% & ()- *' +y+++=, , dEbC s6& 10% & ()- 310% & ()- 1

ég:yg SL%(DE& ( )f@ Ornitdfcdion, a¥irkPebfinturicatict dQbA thansmits a fifst cobimuni &l () -

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
communicatiqn 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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3°110%& ()- 10( 10( 10(;310% & ()- 8& 10% & ()- -0...(/}//dEbC ! 10%& () -
yL! 10%8& ()- &L!10%& ()- ! 10%& ()- Y !10%& ()-3 ! 10%& ()-
1 $0} 001L11dELC ! 10%& ()- 9M 10%& () -

f#10%08& ()-! 10%& ()- ! 10%& ()-F ! 10%& () -
11B2223J3dEbCI610%& () - 3S10%& ()- | 1M 10%& () -

Tovea () 100 o 150 BADAEEY St | B HBARERAEREG e 1 100k ()

“110%& ()-Lt! 109& ()- t!10%& ()- t!10%& ()-t!109%& ()- ~666D7777dEDC
(s10%<& () - %nilQdeedirhining a'ql@ties’ o, Jof the patdess(9stinddidisdséd oh ih pabtdnlmber
7+8) 888299dEhCs6 ! 109%& () - 310%& () -

999660/ ) %@m"‘@ifaﬁ%b@ etk frst ot slof (46% gud o

310%<& ()-8 1 10%<& ()- :;g;; <Y<<dEbCM 10%& ()- @M 10%& ()-M 10%& ()-
11098 () - ! 10.%;&em the fitst 0a6t8t {3 e and the-Yecamdfaredrid 4%&& () -
#s10%<& () -y# 10%& ()-0
10%&! () - 10%<& () - 10%&' () -==P>{ >>>T?dEbC3: | 10%& ()- Y1 10%& ()-
110%& ()- , F10%& ()- 9%:110%& ()-':!10%& ()-
T2222222>@HCM 10% u& () -
4, The method of claim 3 further characterized by a maximum time slot

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

«=1-(D-1)/D_,

5. 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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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 secoz;d 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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part 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 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)/Dpu.

12.  Thesystem of claim § 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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communication and transmitting an amplified second communication in a second

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
a the channel information for producing ir;terpreted data, apower measurerent device
(92) having an input configured to receive the channel information for producing a
. measurement of a received po§ver level of the qut 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:
aquality 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 calculatiox; 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 seco;md 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.
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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).

-19-



