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+“CONTROL IN A TI ME DI VI S DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s

i nvention gemmmmmmu\mm“ es to spread spectrumtinme division duplex {TDD)
comuni cati o J re particularly, the present i nveibz h@,‘ﬁ,i@gat es to
5 a system and netéhwedd for controlling transm ssion power wthi
communi cation systens. Figure 1 depicts a wreless spread spectrumtine
di vi si on dupl ex WEIFHIHENMOPENR L.OOB POWER CGNTROEINASTEVIH DIVISIQONOf
base stations 301-30,. Each pgpe.BX COMMINICRTION S¥SIFEM t h user
equi pnents (LI Es) 321-323 in its operating 10 area. Comruni cati ons
transmtted froma base station 301 to a UE 321 are referred to as downlink
comuni cati ons and commruni cations traBAGKGRIOUNIN a UE 321 to a base
station 301 are referred to as uplink communications. In addition to
comuni cating over different frequency spectruns, spread spectrumriDD
systens carry nultiple co nicati ons over the sa spectrum .The 15
nul tiple signals ar |[e)hH'i; dRYRYIN AFBE rpl\égqsrtor %ﬁ%ﬁ????gm e, gidsion siwple%e
(codes). Also, to nore efficiently use the spread spectrum TDD systens as
i llustrated i n (R eommysicatiepsystdms Mozgpartiguladysihggdesent mvantiemisdatesto
time slots 361-36",, such as fifteen tinme slots. In such systens, a
comuni cat i on i gsysei arldimét@be fdredntdl By Ghfkingissi0d p@@er WRhiNIT P cofinfchi6AHRS -
Accordingly, one franme 34 is capable of carrying 20 nultiple conmunications
di stingui shed bérs{% h time slot 361-36" and code. The use ~~ui nunu 17 May
2002 of “a singl€°codé in a single time slot is referred to as a resource
unit. Based on the bhandwi dth required to support a cqnmuni catiqn, one_or
mul tiple resource urkigdredlepicts g yareless spread sResHIA HENS GNisiopm duplepDD)
systens adaptively control transm ssion power levels. In a TDD 5 system
many conmmuni cat canswnigytion ayseerh NFhs aysterh hae a plhotlignst spe stations 30¥a36,. sEAdh
321 or base station 301 is receiving a specific comrunication, all the

other communi capeRgd5 i:i'i)iJ coifu IR s WilfPusst Qéwg%n&%ﬁés? 49 83U Gis operating

interference to the specific comunicatl on. reasing the'fransm ssion

power | evel of one conmuni.cation degrades the signal alit all ot her
comuni & i ons #eR-hEATENIRICA{PNE {Taps tfaa?maga%ecs?mﬂ g@dﬂé\%ﬁ%ﬂé’fﬁf@ 5 he
transm ssion power |evel too far results in undesirable signal to noise
ratios (SNRs) atechsiiowndinkeonmmatmasatioBERS] camnntunécationg irarstsitteddramar A{RBA, tvot h
the signal quality of comrunications and |ow transm ssion power |evels,

transni ssi on POYBhseC@HdnC0, iafe PG Fbd (N8 uPRRK @RBMMUASEdHBNL! ansni ssi on power
control in a code division nmultiple 1 ~ access (CDVA) conmuni cati on system

is described in U S. . Patent . 5,056,109 (G l.housen.et al . ). transm tter
sends & communi cat i o S0 B porRvaeaag a6k PIRIEE Py spetirpE PR
recei ved signal power is nmeasured. The received signal power is conpared to
a desired recei $RegremghiaP spyoras carpamulipl commuRisatiRns avshthegagg specsiuny khe s
sent to the transmtter either increasing or decreasing transm ssion power
by at 15 multiple signals are distinguished by their respective chip code sequences (codes).

Also, to more efficiently use the spread spectrum, TDD systems ag illustrated in
Figure 2 use repeating frames 34 divided into a number of time slots 36,-36,,, such
as fifteen time slots. In such S)l,'stems, a communication is sent in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capable of carrying

20 multiple communications distinguished by both time slot 36,-36, and code. The use
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*G00002*



.70 fixed anbunt. Since the receiver sends a control signal to the
transmitter to control the transmtter's power |evel, such power control °
techni ques are conmonly referred to as closed |oop. -2 17 May 2002 Under
certain conditions, the performance of closed | oop systens gﬁ@r a?&gzn For
instance, if comuni cations sent between a UE 32| and a badd May 301
are in a highl yolly siagieccasievin raosimgda timessliethis saferterbta a5 4 teeowEe 88it. Masedgn twuch
systens may not be able to adapt fast enough to conpensate for the changes.
The update rate : lcopRtikieAtid j B i
100 cycl es per ggidgﬁgﬂ{m%?gﬁediigpﬂl %}gﬁafcfi Ci%{%?ét%déir?ofﬁ%g%’ﬂ#ug il%g chanﬁlig?g].afeéPo
462 952 A discl oses t hod for .regulating or adjusting transm ssion power
for signals bet e\ﬁégpeat{‘rrﬁl‘ﬂ”c@ng’i’%ﬁ’? ﬁ’nand a base station in a digital nobile
t el ephony system To determ ne the transm ssion power |evel, the nean

val ues of 10 the si giaist EDIbsystemscaddpgvan apntrolaramsingsionrpoyeealiéve)s. dme TDD
determ ned. Based on the nean val ues, an anticipated signal strength and

signal quality gfseerfahsny eé@thuhRationSnbs SliHi€ e $anfePtile sic?@nd 3p&strinn 0 Wike
transm ssion power is maintai ned unchanged. The transm ssion power |evel at

t he subsequent f{i er.i I §.adj ysted ed on .t ntici . ue 15

WO 98 45962 A d st:E g@bgr §9?$e€tﬁ%‘%f{ 3%568‘2‘??‘?‘@% #g“g?"t ‘?Od “é‘ﬁb'%g{“g% %géb@rosq‘%fvel
of a nobile termnal in a satellite conmunication system The power control
met hod has bot hcemBlugEations ypingribie same paie- loloandespeeim cause inthderenos ¢aitheoop
el ement, the base station calculates the nobile termnal's power setting

based on the stgsRifid @mmbsicaiignal Indretiig atle f fromdrhibtonOpd W& tievdlN BAlonelThe
base station takes into 20 account the propagation delays of the satellite

system in the poyRmfhbibldedeliel kPl fP6t INGHEPEnkaRRaEbAIB hin il

strength of the received sig ase station 1 n eac

conpared . to the_ strength of the sjgnal received in -3 . 17 May 2002 th
previ ousld r ane. uWé????ﬁs%Wt%%whngv?hEdHﬁﬂgl the @PW&‘I"ni%‘N&dﬁﬁ%‘%éﬂo Far
inversely with the variations in the observed signal strength. Accordingly,
there is a needrésults bl ursiesinetde sigpaldaciiss ratwosit@NR saiand bitgrear rajes(BERs)anthel ow
transm ssion power |evels. 5 SUMVARY The invention controls transm ssion

power |evels i nrezeBRfeadl's pasintan Botiehelisydrtil QuatiuploexcopaftimiBhests efd low
station. A first comrunication station transmts a comrunication to a

second communi Cﬁ'ﬁh&ﬂisﬁ&ﬁ‘hb%r 1eU8ﬁ ?r%fs?rﬂ i g&%@ﬁcén‘%x%ﬂs"&%dt he conmuni cati on
and neasures its recelived power I'ével. Baset on, 1n part, the 10 received
comuni cation's power | evel and the conmuni cation's transm ssian RO r,
level, a path | oss eSf?ABPRAF UHAELARFFISHON PAYCE FAMERI8 &iCoHC gatee rajiplet or
a communi cation fromthe second station to the first station is set based
on, in pHrt, weagdess ((DMre) panimuhivagoresysiomaisedesodbed indig. Petent Plat H10565 09
estimate. 15 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a prior

%tD TDDt system (GilBotisen 2t bl.J. U trahfsitted §BRAS laQotnrhiinicARAPL NParticalie secefved
system

Upon reception, the received signal power is measured. The received signal power
is compared to a desired received signal power. Based on the compa;*ison, a control
bit is sent to the transmitter either increasing or decreasing transmission power by a
20 fixed amount. Since the receiver sends a control signal to the transmitter to control
the transmitter's power level, such power control techniques are commonly referred

to as closed loop.



Figure 3 is a flow chart of weighted open | oop power control. -3a 17 May
"2002 Figure 4 is a diagram of conponents of two conmuni cation stations
usi ng wei ghted open | oop power control. Figure 5 depicts a graph of the
performance of a wei ghted open | oop, open |oop and cl osed | ﬁ ‘fﬁé
control systemfor a UE noving at 30 kiloneters per 5 hour f”%ﬁ'ﬁ % igure 6
depicts a graph of the three systens' perfaormance for a UE noving at 60
km h. DETAI LED DESCRI Prden¢etrin pepdifipgsHrperforrppeaatvkandloon sy fades ed
enbodi ments will be described with reference to the drawing figures where
| i ke nuneral s repoemetancd, iflcemaiuaivatinrs sttt bosghoutUE 3¢ amgh tede stptéon 3 e ipower
control will be explained using the flow chart of Figure 3 and the

conponents of twa hshipdynhingfbnQREATHAILGEEH BAuS toahé URI2 lthOvind, bdctassiehgway i N
Figure 4. For the follow ng discussion, the conmunication station having

Its transmtter’ §,pEie dhadeR st %dui?ﬁ td Sorfigth&id R ﬂk%h@%g&.h‘i’hé n!i;?d&ﬁ"ijgtgtoif ng

station 112 and the communi cation station receiving power contro

comuni cations is;referred to as t.he receiw tati 110. Since i ght ed
open Toop. pover 2t BPb BRytEut ol Sesfeq Pl Bs b afT aktS reblsti Yt "o
comruni cati ons, the trta,n_sm' é)ti?r r;gyi ng its power controlled may be | ocated
at a base stati ons By puttigienstof fast fagingiehanqelsor di ngly, if both 20 uplink and
downl i nk power control are used, the receiving and transmitting station's
conponents are | ocat eBPQH6BEPhAtdisclasesemethad fasmeddating o8 adjBstgztranpmission g s a
i n estimating the path | oss between the receiving and transmtting
stations 110, 112, potseefor4ignalt betvign 200ddile atapy amtja baststavion 11 @ digitadl snohile
comuni cation to the transmtting station 112. The conmuni cation may be
sent on any one aéleptdhi eystent "BA B&EEnine P tr@Adrhiysion povier [EA], Iy Sinean vAllE of
channel s used for estimating path loss are referred to as reference

channel s, @ though. Qgﬁ 5t AR AR SighB XraREnisSGiHquality 48 %e{e?rﬁﬁla&i ResedlAlhon 110

is a base 5 station the conmuni cation is preferably sent over a
€

downl i nk common ch r . . i: I Dat a
to be conmuni cat grﬁe%? g%l“ﬁg i ?ag%ﬁ??{'fl%ﬁtss{r%ug%}@i%% gsg}m{(]ﬁ% FETEr gr?%:)rea
channel is referreg to as reference channel dat.a. The.ref.erenge channel
data i's gener at eduByadeT e Pk SHAMEI Eop By ahap it maptnr Incapernc e
data is assigned 10 one or nultiple resource units based gn the

communi cation's %Mﬂ?‘ﬁs‘?‘éﬁﬁﬂqzﬂ‘ékﬂtgﬁe sibseiiyeabiina geriidds 15 brgedayhence
insertion device 58 spreads the reference channel data and nmakes the spread
reference data tiamcipged v@esxed with a training sequence in the appropriate
time slots and codes of the assigned resource units. The resulting sequence
is referreld to as a cHEAI46867 Ardidplosss a nietlibddord éontroitimgra Tatsimissidouypostter i s
subsequently anplified by an anplifier 60. The anplified conmunication
burst may be sumtedtl bya mobildNeflfivialie a 6ellitel don@inini@ALibR 5ysGONTTIHY Rader oondulir St
created through devices, such as a data generator 50, spreading and

training sequencendSEhis B¥h deYds6& 100 MhnadPehiiddpeélemdnt. TR Ry BRS@&i-loop
communi cation bursts are nodul ated by a nodul ator 64. The nodul at ed si gnal

is ~0 passed thr 0&%&5@3&1}4 590 &l GRuRRM wedLAk %‘e‘i‘?g%r ﬁ;% e»@e? gﬁ? A eaégd GPthE oW

or, alternately, tl an antenna array, step signal is
passed thr ou‘gh a s\{\fle{lget{'l SPthe \s,\llgnals received from the mobile terminal. The base station takes into
20 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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radi o,channel 80 to an antenna 82 of the transmtting station 112. The type
* of -5t 17 May 2002 nodul ation used for the transmitted conmmuni cation can
be any of the those known to those skilled in the art, such as direct phase
shift keying (DPSK) or quadrature phase shift keying (QDSK)l ﬂ\'%fhe2 tenna 82
or, alternately, antenna array of the transmtting station 1 54T ¢cei ves

various radio fr i I d i I e D& . gh an
isolator 84 to a%%é?g#%ﬁé% eﬁéﬁ%ﬁ%ﬁ%ﬁ%ﬂéﬁﬂxgﬁo@ggk& S|aglﬁ§®§"ei‘ﬁlen%glés§lgband
signal is processed, . such as by a channel estinmgtipon device 88 and a_data
estimation devi cevigpfhe vapiatiqns intheobspryed signal sthengf ¢ @Oﬁﬁ’ﬁl&ﬁ?‘ftﬁfs@rﬁﬁgg

assigned to the communication's burst. The channel estimation device 88
commonl y uses t heltemaieappiopehys temaiatinsigealgbribnand lawitrpaspission aawesleyelal t o
provi de channel information, such as channel inpulse responses. The channel
information is used by the data estinmation device 90 and a power

measur enent device 92. The power |evel of the processed comrunication
correspondisng to the reference channel , SBVAMARY neasured by the power
measur enent device 92 and sent to a pathloss estimation device 94, 15 step

40. The channel estimphl pRedRMIORISS rhSsnhdRHY R ePlovaS BRS §lrbAipklfuh BERT ence
channel from all other channels. |If an automatic gain control device or

anplifier is used;f.or ' ; r LV i g .o 2aS d.paower
Tovel 15 ad) ust ed g0 SRREERS B bp s GiEh At BBl OF RIS
power mneasurenment device 92 or the Eathl PSS esti ma,i; on device 94. 20 To
determine the pat®RTigwicatipn toasecqnd epmmunication siation; Lhe spgond gtatignrecaiyes the ¢ ne
conmmuni cation's transm tted power level) T~. The transmtted power |evel,
Tas, rr<ay be serfommumigation apd mpeasyeniitifceyed oaver exela Brsedrpng isipgratheng
channel . If the -6 17 May 2002 power level) 1 Rs,1s sent along with the
comuni cati®bn' s deteivedichmmiaicatigetiowst ievel andihe cem@Onicationispransraistiepposse r

| evel and sends the interpreted power |level to the pathloss estination
device 94. I|f thdevedceipaihnyss tainmatnislddderivined. bHsetraisatissam Boddr lpvetffer abl y
the transmtted power level, TRS, is sent via the broadcast channel (BCH) 5

fromthe base st ajon@uniddion Both theBEOAC btatich (olBe fiRE b is GNBRY Gt pait,S
power level, RTS in dB, fromthe sent conmunication's transmtted power

| evel, TRS in dB,t:he: j i i Jo s the path

| oss, L, between ?ﬁ%ﬁ%@bgﬁoﬁgﬁfﬁ%dﬁglgﬁ%%gﬁﬂgtﬁloiﬁﬁuﬁageﬁal ly) a |ong
term average of the pathloss, Lo, is updated, step 44. In certain
situations, instead of transmtting the transmtted power level, 10 T, ~,
the receivjng station 110 r i ransmtted
power Ievesh In that case, wmgmm%ﬁﬁ%m provi des
reference levels for the path loss) L, and the |ong term average of the
path loss, Lo. Since ¥igyreydlystrates g grgiart TABWHSTHK  and upl i nk

comuni cations in the sane frequency spectrum the conditions these

communi cat i ons exper i Eigure drikbustBtes time[skts, in TépiestingHeamnswhio T DI systefier red to as
reciprocity. Due to reciprocity, the path | oss experienced for the downlink
wi Il al so be experien®gairkaris 4 ewwhhk okweéiphted beh W& p@verByn@dsidi ng t he
estimated path loss to a desired received power |level, a transm ssion power
| evel for a communication fromthe transmitting station 112 to'the
receiving station 110 is determ ned. This power control technique is
referred to
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20 as open | oop power control. Open | oop systens have drawbacks. If a tine

* del ay exists between the estinmated path I oss and the transmtted

comuni cation, the path | oss experienced by -7 17 May 2002 the
transmtted comuni cation may differ fromthe cal cul ated | q MaLgoo'%DD wher e
conmuni cations are agnt ip.differi nﬁ tine slﬁts €6i-36" t e e € ot

del ay between recei et Hh lﬁ?gﬁmf{‘ gﬁm@B ?8% W%ﬁ%mﬂﬁvl ]é)PaP(E%thnﬁélsmg
per formance of an open | oop power control system To overcone these

dr awbacks, a quetightedropes doempewerscangwi.ce 96 in a wei ght ed open | oop power
controller 100 determ nes the quality of the estimated path | oss, step 46.

The quality neasur erﬁ@ﬁr@SMEﬁ@ts%ﬁ%ﬁbﬁ 8f WRI iloPmhh@ &4 WeRhed HFdrlobPSSpent

and long term average of the pathloss, Lo, to set the transmt power [evel

by transmt power cal.cul ation device 98, step .48. illustr in Figure
2 Lhe el ght edoBpaRt ehispt sSTPoXtantidr s socan s mewinl o R ilgmeiera e
measur enment device 92, pathl oss estination device 94, quality neasurenent
devi ce 96, and hewdkwl). power cal cul ation device 98. The following is one
of the preferred wei ghted open | oop power control algorithns. The
transmtting stati OrFiguROREpiLEurapiiofifie ket std?ﬂé{)/eﬂfsndﬁt&rfamem HMOVINg
Equation 1. 15 PTS = PRS + a(L-Lo) + Lo + CONSTANT VALUE Equation | PRS is
t he power |evel .t m}hhe receiving station 110 desires to receive the

at

transnutting station s comunication in dB. PRS is determ ned by the
desired SIR) f SIRT"~cE.,., at the receiving station 110 and the
interference level, IRS, at the receiving station 110. 20 To determ ne the
interference level, IRS, at the receiving station, received conmunications

from the transm tDER4IEED DESORIP EIGNRRFETHE RREFER REDEEMBOBIMENTS The
resul ti ng baseband signal is processed, such as by a channel estimation _g

17 May @02 device @e%%&e?reﬁ%hﬁ;oﬁd%%xggm bl QUi Bed it rdi@nbd RS diwingnd

wi th the appropriate codes assigne transmtting station's

conmmruni cations. .The channel information oduced t he channe stimtion
vl ce 701 5 saeoEy ViR b PepliTebrest Bl P SR s drohBo S Y EhsAZPHRED he
interference level, IRS. The channel 5 information nmay al so be used to
control the trap@HercopsolevillbegaplagedusingtheBowichet of Biguya 3and themasnnangntsel
information is input to a data estimation device 72 and a transmt power

cal cul ati on devéftgvo/simplified Sadmmudidation stacionP1 18] Udchshlotvieindetigarest Fopthieon
device 72 is used with the channel information by the transmt power

cal cul ati on devj ; t %g[rm' [ Lia '
receiving 10 stigaogflao“zng%h?s ¢ g%s?éﬁ{ﬁh Boé\?\)/er e\lféetidn ‘Zg&? iggg@eg%q‘%éﬁg%rﬁgmwer
Equat i og‘éz. PRg = Sl ARGE%’H RS Eguﬁti on 2. 1RS is eifher iignal ed or
br oadcasied f r ofRMtRdled dt Zeterag) tQ @5 1the Arangmitiing siagon s and (e, GORYIpMiGHioR 1o
For downlink power control, SIRTARCGET is known at the -

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 hav{ng its power
controlled may be located at a base station 30,, UE 32, or both. Accordingly, if both
20 uplink and downlink power control are used, the receiving and transmitting station's
components are located at both the base station 30, and UE 32,. For use in

estimating the path loss between the receiving and transmitting stations 110, 112, the

4-



15 transmtting station 112. For uplink power control, SIRzARGET is

" signaled fromthe receiving station 110 to the transmtting station 112.

Usi ng Equation 2, Equation 1 is rewitten as either Equations 3 or 4 r
P~.S = SIRT,4RGE.r+I RS + a(L-Lo) + Lo + CONSTANT VALUE Equa]]yg% éo
L+(1-a)Lo~ I RS + SI RTARGEr + CONSTANT VALUE Equation 4 20 L K th Ioss
estimate in decrdgeiving RS0 1R0 Sendsor cdrivauniostion tecduettransmittimgotatRal 1126 " Thdrat
the path loss was estimated. The long term average of the pathloss) Lo, is

a_running aver agsm@funidifioR ddy tbé)ﬁt Sﬁtah%? E8f bmx&ﬂ%h@%@@@pé@hyﬁn'ﬁmug

17 May 2002 correction term “The VALUE corrects f erences in

the txplink and downl j nk .chan uch.as.to ¢ ensat e dlffe nces in
upl 1 ik and down S GerCRRRR FBHl T AR OBRBTIANT SPnreierisd)

correction if the transmt power reference |evel of the recei VI ng station
is transmtted, changtlaalttefugh otles channets may asseilt Ifghevecei vitigsstatidn 1 Hkis a base
receiving station is a base station 301, the CONSTANT VALUE is preferabl y

sent viaslayer 8693/, tHég:onlxﬁmﬁ&!@udrﬁ § BrefbraBlySefl bR a'd%w%li?ﬂ%%%ﬁﬁﬁ Rfined
t he CONSTANT VALUE 1s prefera y sent via Layer 3 signaling. T tlng

val ue, a, determn sur vice 94, 10 is a rreasure
of the quality Bf? &%&“ﬁ%‘f&ﬁﬁ&(@@%ﬁl‘ﬁ‘v& ggﬁakg?'ﬁpreferabl y, based on the
nunber of time slots 361-36" between the tinme slot, n, of the last path

| oss estimate and t hPatitede aomrsuricased tsf the eansmittingistasiond 2 oven she referendsy
the transmtting station 112. The value of a is fromzero to one.

General ly, if t@Qeannel® féd&l eNas rdfeieneebhiiRl datde ThOtéfetsnce Bhkhneltdd@s is
recent path loss estimate will be fairly accurate and a is 15 set at a

val ue closeto n fer e ts_ |ar the path
| o0ss estimate eera E d bg% %fe?ér qe Chgrﬁrg’??ﬁté &f e‘g{"tr 5? elgl% Fg %ncﬁé%ﬁdlrg §S§glpe%
measurenent is m)st Ilkely a better estimate for the path | oss.

Accordi nifl y, a PBe sk mgltigle, espureg gyt pasedeon. the) eamBHNEatien' nbandavidy on
for determning a, although others may be used. 20 a =1 - (D- 1)/D', aX
Equation 5 The wauiremelXs. iA spteadingrdndrtrading iseguesico tissediddn aéw'l'icbéﬂ\&ﬁmadi iy
time slot of the last r path |l oss estinate and the first tine slot of the

transm tted conpaipi.nal y%#\émw athi hlakesle s Pe%dg/Fﬁér&@g%apdeuﬁl@fxﬁﬁmsQMm

the tine slot delay. ay Is onet I'S one

maxi mal possibl e del.a jcal value far a . fra Vi fifteen tine
slots is six. | ?“?Hﬁn%é %/fg “[Sﬁe apprgpriyfe g‘&i‘eesrk’ts 3@58‘3‘??&@%@%31? TEONHE
the transmt power |evel, PTS, determ ned by a transmit power cal cul ati on
devi ce 98, the Weityhtkhe m@éhm sespnqsoisetelertad tolab ¢r camguncationhunsk. afdhe t
power of the transmitted conmunication, step 48. Data to be transmtted in

a comunixat i oncémammnidation baks i3 ubseentlabmplifitd Byian appslifics 0. mle%rﬂﬂtf&d

generataor 102. The conmunication data is spread and t| me multiplexed with a
training sequengg By p i
device 104 in tﬁg apﬁlﬁ%ﬁpﬁa{)gﬁp% %Pdstutghgé% s of hg&%&%ﬁ%%ﬁf&d&%ﬁ ce

units. The spread signal is anplified by the arrpllfl er 106 and anuI at ed by
the nodul at or 168MEBINNGAYPR bprstefgated fhrough devices, such as a data generator 50, spreading

and training sequence insertion device 52 and amplifier 54. The summed
communication bursts are modulated by a modulator 64. The modulated signal is
20 passed through an isolator 66 and radiated by an antenna 78 as shown or, alternately,
through an antenna array, step 38. The radiated signal is passed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of

-5-



The wei ghted open | oop power controller 100 controls the gain of the
anmplifier 106 to achieve the determned transmt power level, P.,.s, for
the 15 comuni cation. The conmmunication is passed through the isol ator 84
and radi ated by the antenna 82. Figures S and 6 depi ct grap Zix[%g
illustrating the performance of a f weighted open | oop syst 'nd
Equation 4. Equerodslatigniusediudhe warsaitied aowmanicatien cambephyg oBthe thasedeoivat
the results of sinulations conmparing the perfornmance of 20 a wei ghted open

| oop, an open | gohosnskitled i BRChrt, 306h &Y Sir€dNphasy ﬂﬁft'lchlﬁlgt(ﬂEq:’SKﬁ&S@ila‘iﬁhtﬁfb
power Level of the transmtting station 112. The sinul ations addréss the

per formance of fast fadi ng channel under steady-state
-11 17 May 20 gﬁgg%@@%ﬁﬁg@? ﬁPhi s exanple, the receiving station is a
base station 301 and the 5 10 transmtting station is a UE 321. For the
simul ation, the UE 3Phe sRignen $der plicwately, @ntenm array afifherteansputiagstationdd 2301
used two antenna diversity for reception with each antenna having a three

finger RAKE recgiceives vdtieusiadid Rédquicpignalsi Tht eebetvadamignaad ae paiesdndlowitd
SIR estimation based on a m dambl e sequence of burst type 1 field in the

presence of addj i

I nt ernati onal hlﬁ %S\éga%%ﬁﬁg%% w?%%st}?%@ Ef’gfé,ﬁh g‘rﬁag ag@d
QPSK nodul ation., Interference IeveI s were assuned to be ccurately known

with no uncert afign3lis prpsasser. wishiapby gehmemaém&evwﬁg aedpta gtgnation
CONSTANT VALUE and Lo were set at O db. For each of the power control

t echni ques, Fi gdewcd 90griapthe8@ms v drte withl thee appropriber caddsr assipnet t ©dthe
conpl ex synbol in decibels (Es/No) required to naintain a BER of 1 % for

various tine sl it h r

hour (knt h}. 95‘?49’\/\}%%2?“?0‘%&%‘ tuTIr‘rg%gﬁe?ﬁ% 1‘3‘3“’5‘5‘?%‘& CV\S% Sh*‘ﬁéﬂ?‘t‘% uSeq Bl oop
and ope oop outperform cl osed | oop i gher tinme sl t del

open | ook out pelFBRTasSaBEReSRERORGRH: tirdees b eLErBsp ProRSE AR e
graph 84, simlar results occur if the UE 32, is traveling at 60 kmh. *
-12 17 May 208xhGisahesngiapulss rebpinvesd The channal infetroatidiois usedbyche dag
transm ssion power levels in a spread spectrumtine division duplex

comuni cati on sygimddnaieviee 90 A5 pdwéhmbasiBenidrn@dsvice 92C ahaPow et dved bf th
first communi cati on station transm ts a first comruni cation having a

transm ssi on po on
5 station recei %sﬁ&%bmrng{n‘fi‘caft hrr%éaa g§B aﬂ e%%}erﬁr?c(éa:cﬁﬁﬂﬂﬁm?s”]ﬂﬂéz}%ﬁfefi
the first conmuni catl on as received (40), a path loss estimate. is
det er mi ned basebBY 8 mqw?fmaspr@n%&@weazra@éépme@ % pathloss esDAiQLEs dee Fdwer
| evel and the first comrunication

15 step 40. The channel estimation device 88 is capable of separating the reference

8ht ed

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 measuremer;t device 92 or
the pathloss estimation device 94.

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

communication's transmitted power level, Tgs. 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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transmi ssion power |evel (42), the method characterized by: setting a
transm ssion power |evel for a second communication in a second i0 tine
slot fromthe second station to the first station based on in part

conmbi ning the path loss estimte weighted by a first factojs¥ihe2! ong
termpath |oss gsbdRi& Y‘?S'L,Jstkte%i’an'%)‘.gawﬁ‘?&fé%rﬁlﬂﬁﬁieétjérﬁ@h?taf“&g?j}&e&tﬂﬁat&ﬁx{ st

and second factors are a runction of a tine separation o Irst an
second time slots. 2. The nmethod of cJaim 1 further, characterized by:
determini ng t helavafifg?Q BiFRpEcels he B¥ekleyelandssands dhe interprete PPWCBS\?‘{Q{G%HFF an
average of path | oss estimtes of communications sent fromthe first
station to the mtilosdesimiticndé¢vies 944)f the ret8ivingl statibry 12002 adasd keativatIpd
of claim1l further characterized by: determning a quality, a, of the
pat hl oss esti [ 0 1 RERB
first and secg!rapcfgﬁ?%ei?s %@a%%ﬁgﬁg%\ge%@grﬁ’ {Sﬁ%h i?gith#gg%%%tﬁgha antgj Ijtrﬁe
second factor is 1-a. 4. The thod of claim3 further characterized by a
maxi mum Pi me s|f§@ %@ﬁeisgauemgﬁx Bynaibraeting thegeqenved copumyigation's pawer level,
determined by a =1 - (D1) / Dt,ax. 5 The nethod of claim1 further
characterized W tihadBdromthe sentsommumnication's tteamsinitadhpewsatessl], fIyk in dB, the
differences in the uplink and downlink gains. 6. The nethod of claim1l

further charactgpededimdddfh ddvicd 98 ERALs iR APRRS, B KtvBsh @Rt d GafiGiRoNd

station is a user equipnent. 7. The nethod of '‘claim1 further characteri zed

by the first stat]j is a.dser, equi pnent and the secaond station is a base
ation 8 A shbIf2ctebers Roafboally FlonSrm aieeecos Birtaigst. o i updaled,
systenmhaving a first (110) and second (112) comunication station, the
syst em usi ng f rsfepd4wilnlcettaimesiglatioss, fimteadorfniparisoattingrthe &rafismigted power level,
comuni cation having a transmt power level in a first tinme slot is

transni iged  rom.{ iR fbkidtn -t 16 KhQ)rarshe # 85ORACS o i@rdbmdild pdfer

17 May 2002 5 recCeiving the first comni cati on and nmeasuring a power |evel
of the first c ni.cation received, a h. | Qgs_estimate is.detern.ned
based on | i partvends skt dic pEBRY EmeicBfedisr A Rrate Rt Send vt g
the first comrunication transm ssion power |evel, the systemcharacterized
by: the second pathiossnL(anbthe dengpicrmianerags Of Hheapath lossd)o-f or setting a
transm ssion power |evel for a second comunication in a second tine slot
-based on in part conSincd TDD Bestpdat lrahaai deostilinkt sndweplgii esmbynicationsin the
factor wwth a long termpath | oss estinmate weighted by a second factor,
wherein the firginapdoiars Ol 8ot WnPlurfichld® SERREAL B Of
the first and seconglqtqlﬁrre S gggg&éﬁ% 1 rlregns 106) ?Igl% %r ansmtting the
second mruni cati.on in the second tine slot at. the s transm ssio oyer
Tovel . 43 The <yuilE bR eRgrgmans reiBredicasietie S iy PRESBER e AR on
( 112) further conprises: neans (94) for determning the long termpath
| oss estimate besedxparieneekforithe gewnlinkowill also deexperensed for theluplink asadivige: es
of conmmuni cations sent fromthe first 5 station to the second station.

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 ig determined. This power control technique is referred to

20 as open loop power control.
Open loop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss experienced by

.-



10. The systemof claim8 further characterized by the first station (110)
" further conprises: -15 , 17 May 2002 neans (96) for determning a
quality, a, of the pathloss estinate based on in part a nunber of tine
slots, D, between the first and second tine slot; and 5 m%@%@}’%@ofi rst
factor is_a and the second factor is 1-a. 11. The system of m

further charactegi b i i i e
det erm ned qual ﬁ?)%?t%ggr@ftseﬁ e érlt%%y@agh&%e{%%h?ﬁeé 1CF laéed ﬁ)gg'lw%PPeWhere
systemof claim8 further characterized by the setting neans { 100) sets
the transni ssi orcQFaRBRIChtiqns are et dndidtesimgdinmatioty 361-30,e thedme slat elay petwien
and downlink gains. 13. The systemof claim8 further characterized by the
first station (1k6givedaml Basmittdtomundiofstiay Hepradediresforinane ¢fldndpens
a user equipnent (32). ' 14. The systemof claim@8 further characterized by
the first stati j e G e '
(112) is a bas eolsB P éi’ g’g’%r %@b@l%gggmﬁtﬂoﬁiﬁﬁ%&a |%)%al[s&§’ z;)ttapgsﬁ%(c@%% ﬁ%@%dﬁ%ﬂﬂts
transm ssion power |evel controlled in a spread spectrumtinme division
dupl ex cofnuni ca4§viss 9y8 p svaishtpdorgslopppowerrpnitolaekd0 determipeshe ualiy phthe
communi cation and having a second conmmuni cation station (110) transmtting
a first comuni catiared patia 1dssy step Y6 hel quiality théasurcdiferyiae vit@M dlbe weights the
comuni cation station conprising at | east one antenna (82) for receiving
the first comunigat.i ransmit g & [ d [ Ion
nésﬁ?r;g'tt, 'baa%tg s5 264 {égm%e%g%f fHe?%&?Sﬁgﬁ‘_o, O tﬁaﬁ%ﬁlﬁ

in a second tine's annel  estitmation Vi ce vi'ng an 1 npu

configured to receive t received first, communj catiogn for ,produgin .
channel i nf or natf?cﬁ’i‘ﬁﬁﬁvegilyatr%%stni“ﬁ&??"@ﬁ ca@vfa@enéﬁscer? SHP f‘g'p %ﬁhﬁ?rﬁﬁeguped
to receive the received first comunication and 10 t he channel information
for produci ng i nfigupe dt e ceighted opendooprpasier enemollaclit eof gy dfathe mpvan

i nput configured to receive the channel information for producing a

measur emgpt  Of  apERGRINGH dBGED2 ] SatlosOdstitdioh dedike 94’,rqﬂdﬁgﬁé\teﬁs%?emé’nt device
pat hl oss estimation device (94) having an input configured to receive the

measured receiv power |evel and copparing. t measured recei ved power
level to a tran%’?&%ﬁn%t&m@f: Cfﬂgk}%ﬁo?)fie?'ﬁ‘éggi rst communi cation for
producing a pathloss estimate for the first conmunication, the
communi cati on st at i orfhelfodloving isene of zeel prsferred Fgtphiadyopem ieniepetier epniade
(96) for producing a quality neasurenent based at |least in part upon a tine
separ ation of thalgbdithais. tTheetrsd satittBipdstaiecpowert lensl i ldetibeds, Pr.glis determimegr
cal cul ation device (98) having inputs configured to receive 20 the pathl oss
estimation and tfQe, dpalhfiynfeasurenent for producing a power control signal
based at least in part upon conbining the path | oss estimate weighted by a
first factor and a | qQng term pat hl oss est i i by a secand factor,
wherein tie first andsacaad "P@Cﬂ@r‘*sf‘afzfcb)&gtgl\ﬁﬁvgﬁ” rt the qugﬁﬂ??m“?
nmeasurenent; and an anplifier ( 10C) having inputs configured to receive
t he power control 25 R dmthie powerdeseabaicthe aeceining atation 119 drsines dpsedeiviecdtiei n
the second tine slot for -17

transmitting station's communication in dB. Py is determined by tPe desired SIR,

=

-

SIR1rcer» @t the receiving station 110 and the interference level, I, at the receiving
station 110.
20 To determine the interference level, Ig, 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

-8-



17 May 2002 anplifying the second communication in response to the power
control signal to produce the anplified second conmmuni cation. 16. The
comuni cation station ( 112) of claim 15 further characterized by: a data
generator (102) for producing comruni cation data; a spread ? ﬁpﬂxhralnlng
sequence insertion device (104) having an input configured to receive the

communi cation daévcé P0 aRd Q@ QEmaiG R in RO AN GBah8 Wit e p
time slot; and a nodulator ( 108 ) having an input confi gured to receive

t he arrpllfled second conn ca mpdul ati ng t he fie cond
conmuni cation t R TAEFBENE Ebﬁ%@lmgﬁ“?mﬁ?a‘{% Stcrog?{‘%‘rlﬁlggtf%ﬁ EFTpCh itfofRAon
communi cation station (112 of claim15 further characteri zed by: a

denodul at or ( 86prodavehpyanhé rehannadonstimatioad device e2@i iseusdie byeeni ugerféiensy
comuni cation for produci ng a baseband signal; and wherein both the channel

estimation devi gRaditembiededtd 7ascd a&bhﬁﬂedﬁwlﬁ@rféréi@&elea@l 'IRputT&Oeﬁdxﬁer ed

to receive the baseband signal. r . The communi cation station (112) of
claim 15 furthe cteri th A asurenent i S | t he range
of zero tjf) one ﬁﬂfﬁ‘t}ﬁ{%nf‘f‘?%?ﬁsé’@twd?%g?ﬂ’é°l&ﬁ% PRSP PLREE é??éerkf’ TR
second factor is one mnus the quality neasurenment. _18 17 May 2002 19.

The communi cat i #atier a19.okhe chamel yrfornatiomis Bt ndafagsiimasiondeyise Byandrre
comuni cation station (112) is a base station (30) and the second station

(1 10 is a useframinit powe calRdlatiod Uevicke76: RIS 58RI G pddite@ byChsidital 5
further characterized by the comunication station (112) is a user

LR A7) AR S e S AR e e
hR2

}xs ngj _ 7] ca] ca] expelatiemdexicealt &9 canealathe Araplifics] 2h vdutk £patplsatheateseiVing ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca! pb<

27JQ M _P0 } xsni da%@aMﬁﬁaFGchaken] 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! SO ~LB[ cf #r| w mhc”Y] ca] ca] ca] ca]

fi!af?!af?g% g:} C\G/I\]N (éa] cg&sgaha@}rﬁ%g%ﬁg]{&ﬁj&q%@] caj] ca] ca] ca] ca] ca] ca] ca]ca] ca

[P Qrtt =#H##3$SUK 984 wr ca] cg] ca] ca] ca] ca] ca] ca] ca] ca]calca caL a
a] caU] ca] ca] ca] ca] ca] ca] ai]SC' Mesad i@] caj ca] ca] ca] ca! ¥RY&&&' a' k\q«“%‘ )C%
**r@++,,-Q---.]../\/}xsnid_Z]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]l ca] cajc

a] ca]ca]ca]ca]c a] c a] Lajsceifhea signpted] ardroadanafed ff em| the recei Ving ugioxi14 @ g
3r 333+444447555+6| 66#707778888} xsni d_ Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ¢ airsadxﬁadxcgaatsa&& 5.2 alz@@h&@lml paveRtsrtas a8, cal ¢akASRUPAY :

8 <r<<=d=====>>>e3>>] ?

’15 transmitting station 112. For uplink power control, SIR;,rger 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.
’
Pig = SIRprgertlrs + €(L-Lg) + L, + CONSTANT VALUE Equation 3
P = o0 L4(1-0)Lg# Igg + SIRapgert CONSTANT VALUE  Equation 4
20 L is the path loss estimate in decibels, Tgs - Ryg, for the most recent time slot 36,-36,,

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

running average of the path loss estimates .. The CONSTANT VALUE is a
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@‘@@ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]

" ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @A™ AAAI BBBI CFCCCA@DD@EEENFFFG G G~

GG*HIHH 101 |1} xsnid _Z]]ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal|I1J9gJII(Ku g NNu NN
Od OOPMPPPQQNQD xsni d_Z] ] ca caj ca] ca] ca] ca] ca] ca] cal]f ﬁ%}a caj calcalc
a] ca] ca] ca] ca] casprmqtt%]tea]lc z& H]S ]\bﬂ}‘ n
VVWOW WA XXXXDYY} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca]c
ﬂ ]Ca] ca] ca] ca] cald aboalinR] Sin@sisC 3hsa hs ab Calngpngatk cfdt AYE&keAEED i [Uplink ~and' ] X

a. aba8a9aaa} xsni c”Y] ] ca] cal] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca]

52%22];??] "S;géa}m%]ﬁﬁ]l??&ﬁ?]ﬁ]ﬁﬁ ﬁﬂg:ﬁ?fﬁ%@# R ey

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca cal calca]ca]lca]lcalcalcalkoll|Il|nf
wHPRA] & ted)ingpacholc

gg]ncg][ (r:]g]nga]ogg]( g?ma] cat] ca] ca] ca] CZT?;?ngca])Eg cg]sfﬂ Ea}lgafca(])cg]h

s gH3 S 510%)& fh)c—a]dﬂlw&ah);nut?@@@/h&'lﬂlg - If the receiving station is a base station 30,, the
10%& ()-"10%& ()- 10%& ()--10% ()- _hRaB)3 S 10%& & $10%& ()-3 35

10% & 3S1 +@
Tove (). @) $1%@sw%m@%%&m@éw@ @éﬁ&%@? ?fzs%%é%@lf
10%& ()-pj dYNC3 S 10%¢& 10b, 10b 10b 9100 %10%3& -Y 2-

10%& ()-Y 0- 16BHEA {52 bgsept Té@@wtv}z\ [0 latmz\(lyLayer
10%r& ()-F 10%& ()-F S@ 10%& ()- F s 10%r& ()-@|F S 10%& () -

pdEYNC3 S 10%&3Bignalifgm® ()-Ly' $10%&' ()-F L- 10%®' ()-F @ 10%r& () F -
10%r& ()-F y@ 10%& ()-b<  dEYNC3 S 10%&' Y

The weighting value, o, determined by the quality measurement device 94,

10 is a measure of the quality of the estimated path loss and is, preferably, based on the
number of time slots 36,-36, between the time slot, n, of the last path loss estimate
and the first time slot of the communication transmitted by the transmitting station
112. The value of « 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 o is

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

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

20 ¢=1-(D-1)Dp, 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

-10-



& 10%r& ()-'Y L' 10%& ()-L9%10%r& ()- y#gl0%& ()-F 9! 10%& ()-F -
- 10%& () - 27JAEYNC3 S 10%h&' Y 510%&' ()-Y 93
10%m& ()-LO' $10%r& () - 334MLO%& ()-Y . 10%m& ()-Y , 10%8& ()-ZINOPQ MoC3 S
10%¢& , 10%2& ()-10%& ()- MO%& ()-"10%& ()- 10m 10m 10ng
10%v& ()-M dEbC3 S 10%& 10%& ()-10%& ()- 10%& ()-10%& U“s‘/zi%)&z&' () Y
10%2 & () - _Xl dEbBSrédedodaRasvthe 1@ &lof dlelay.1 dh&delny iyone time siot, a is one. D,
10%& () -, s10%& () - Flo%&' ()-F,110%8& ()-SCaBbC3 S

10%& @ 110‘Vi &
10% - & () - +100/§)§' 1?@(1 O/fi%gﬂ% )déﬁzl Q'EwFI value@gor Sa frame having fifteen time slots is

10%: 10%rg’ ()-1:109 I&' 10z 10z

10% & () - @109 &%)t ey &‘S(()éwsma%ea@f & apppchgs o \Using gag,ganspit power
@LO%rE ()-! 109PP&' ()- 10%r& ()-, 10%& ()-LBa? @ S

10%b! 0y&109%&' () ldvel Pogatetefingsl by a transmit power calculation device 98, the weighted open
&10%& () -, 10%r& ()-!11! 10%@e& ()-, 10%& ()-[ abc_@ S 10%!

1098 & () -3 10%&' (c)op W&é&m&(@ﬂﬁﬂﬂ&%ﬂ%d&smt%@%&%ﬁmeuﬁﬁ&%f&déénﬁ{uﬂ&u@ S
10%! ,:109% & ()-3 FFL0% & ()-109% & ()-z10% & ()-3 s@10% & ()- 3 10% & () -
WNdE_ @ S 10%!5%3%40% & ()-3 #- 1048 & ()-3 - 108 & ()-

Data to be transmitted in a communication from the transmitting station 112
is produced by a data generator 102. The communication data is spread and time-
multiplexed with a training sequence by the spreading and training sequence

10 insertion device 104 in the appropriate time slots and codes of the assigned resource
units. The spread signal is amplified by the amplifier 106 and modulated by the
modulator 108 to radio frequency.

The weighted open loop power controller 100 controls the gain of the
amplifier 106 to achieve the determined transmit power level, Py, for the

15 communication. The communication is passed through the isolator 84 and radiated
by the antenna 82.

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 o.
These graphs 82, 84 depict the results of simulations comparing the performance of

20 a weighted open loop, an open loop and a closed loop system controlling the

. transmission power level of the transmitting station 112. The simulations address

the performance of these systems in a fast fading channel under steady-state
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3 - 10%& ()-3 F- 10%& ()- & $10% & ()-B/dE_ @ S 10%!F 2 10% & ()-

© 80:$10% & ()-F Y. 10% & ()- F + 10%& ()-GF ) 10%& ()-F ' 10%& ()-- 1 2 3
4 /'~ @ S 10%'F S 10%&' ()-F S@10%& ()-!3 f 10%& ()-S 10" 10" 10" @
10% & ()-F @- 10% & ()-/111"Q""aB-_@ S 10%!F ° @ 17

10%&' ()-!" $10%& () - 10%&: Q £ 10%& ()~ 9#109%! ()-F S 109 ( May 20068 @
S 10%! | 8&% $106@ndisongy M thigggamp Wt ¢ IeCERYRE clatipn l@alb% §3tqn @) and the
1098 () - OMBLOY& () - %W&Y&&&a8~_@8 S 10%! 1 5-

10%&' ()-!OF3 @clﬁ‘%(!ﬁsr(u)ttr@.dﬁti(ﬁﬁ@%&fﬂ 32,| For te%&nilxtion, the UEG2{in@y a Yaobile station.
100& ()-&'''a''(~ @ S 10%! 10%& ()-F 10%& ()-F @ 109%& ()-!nF @

10%& () - @10 10&‘}1? §L}’é9{@fd%%§§ %t%_ éﬂ)ﬁ): ggd—t@) a%té‘tg%digigérﬁ%}o %%‘ r(‘:léﬂ%ioln'with each

109 ()-F @ 10%

antenna having a three finger RAKE receiver. The simulation approximated a
5 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

10 CONSTANT VALUE and L, were set at 0 db.
For each of the power control techniques, Figure 5, graph 82 shows the
energy for a transmitted complex symbol in decibels (Es/No) required to maintain
a BER of 1% for various time slot delays, D, with the UE 32; moving at 30
kilometers per hour (km/h). As shown, atlower time slot delays, both weighted open
15 loop and open loop outperform closed loop. For higher time slot delays, weighted
open loop outperforms both open loop and closed loop. As sh(;wn in Figure 6,

graph 84, similar results occur if the UE 32, is traveling at 60 km/h.

* * *
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f @10% ()-&H#10%& ()-*P***@++dE~ @ S 10%!Y ' 109%& ()-L% $10% ()-F y#
109 ¢)-F 9'- 109 ()- F - 10% ()-F - 10% ()-+,,-Q---aB7@ S

108109& ()-1 5 109& ()- !'Y 3&L09%& ()-FL 1:$109%& ()-Y . 0%&'() Y 9*-
109 ()-M---.]../jK@ S 10 f 109%& ()- z 109B& ()- %&2%5

1096& ()-!'s z 10% 9 9& ()- 10 10/\//0UOOOdEK@ S 10, s$10%
109%& ()- S 10%& ()- Ff 10%& ()- f 10%& ()- S$10%3&' ()-0X111' 222dEK@3
S 103 'S 109%& ()- &Y% $109%& ()-3 #S 169AdIMS - 1096& ()- 109%B& ()- |If
10%& ()-2 3r333+44dEK@ S 10F @S 10%& ()- 2z109%& ()- 010%& ()-3 Y.S
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L. A method for controlling transmission 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
5 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
10 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
'3
average of path loss estimates of communications sent from the first station to the

second station (42, 44). ,
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0 0 determining (a)quahty, o, of the pathloss estimate based on in part a number

of time slots, D, between the first and second time slot (46); and

wherein the first factor is ¢« and the second factor is 1-c.

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 system having
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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measured received first communication power level and the first communication

transmission power level, the system characterized by:
the second station (112) comprising:

10 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

15 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 ser;t from the first

5 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

ots, D, between the first and second time slot; an

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

«=1-(D-1)/D,,,.

12.  The system 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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received first communication for producing channel information, a data estimation

device (90) having inputs configured to receive the received first communication and
10 the channel information for producing interpreted data, a power measurement 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
15 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 calculation device (98) having inputs configured to recei\ve
20 the pathloss estimation and the quality measurement for producing a power control
signal based at Jeast in part upon combining the path loss estimate wéighted 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; ;md

an amplifier (10¢) having inputs configured to receive the power control

25 signal and a second communication to be transmitted in the second time slot for
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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
5 communication in the second time slot; and
amodulator (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

5 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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communication station (112) is a user equipment (32) and the second station (110)

is a base station (30).
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