; e3epl | mDDEDFR. GH61 Tl | M2 H WEEI GHTED OPEN LOOP PONER CONTROL IN A TI ME

DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s invention generally
relates to spread spectrumtinme division duplex (TDD) co i i

systens. More particularly, the present invention relat egwmmnm‘mlml*n and
met hod for controlling transm ssion power within TDD communi ¢ation systens.
Figure 1 depicts a wireless spread spectrumtinme division dup\”e'f? ( TDD)
conmuni cat 4 ' ' 01- 307.
Each base W@!@%ﬁ@@‘&%ﬁ%ﬂﬁg@@w éog?ﬂﬁ-m BIEVEIDN 3
its operating area. Co Q ase station 301 to a
UE 321 are referred to as downlink conmuni cati ons and communi cati ons
transmtted froma UE 321 to a {] 41 are refe i nk
conmmuni cations. In addition to m&%@ over differ Hmﬂﬂmﬂﬂ@m@ﬁmg
spectruns, spread spectruniDD systens carry multiple comunicatl ver
the sane spectrum The nultiple signals are distingui shed by R
respective chiqg;g exﬁﬁﬁug&f&éll}( fflﬁﬁz%)to Préf shQoARh YR i GisRIH bpiaze the
spread spectru systéns as Illustrated 1n Figure 2 use repea’t)l ng
frames 34 divided into a nunber Qf tine.slots 361-36n,, such as fifteen
tinme sl otd@DPhcamemnigasion systemse artevlaHy; Gequpient ationreiss e sl ot s
361- 36" using selected codes. Accordingly, one frame 34 is capabl e of
carrying tenpAir! roediod forcdntrotlingdi ®ishiglion pedtebyithit TDD ¢omsiuaicadioh- 36"
and code. The use -1 of a single code in a single tinme slot is referred
to as a resgurce unit. Based on the bandwi dth required to support a
communi caPPOHS one or nul ti pl e resource units are assigned to that

communi cation. Mst TDD systens adaptively control transm ssion power

|l evel s. | n a THipusydtdepictaanyirctasmspiaadt Spsaummiimehdivisionsluplere (TPRY s| ot
and spectrum Wen a UE 321 or base station 301 is receiving a specific

comuni calQfunidhtios ?fst&tn.h IheCRSIHINELS PARELESIMEhsE @eam@%oflim. Haeh and

spectrum cause I nterterence to"the specific Comrunicati on. ncreasi ng the

transm ssi on power, | evel of one conmuni cation d s the signal quality
of all othdée S%\‘)‘H{h}tqil E%‘FW{%CW%Wftﬁ “Fﬁ’é?qqlpwnggl(ggéﬁg@l‘ Yo ’rtfﬂgf’e ver,

reduci ng the transm ssion power |level too far results in undesirabl e signal
t 0 noi se aréd.i ComphliRsitiandrdnsinited front abes (&ERs}0a0 4 UF 32 cee vefesred To
mai ntain both the signal quality of comunications and | ow transm ssion

in both the i ni ¢ i
[ ansm sapan <gbERR Tohah Bt RRE arbfunlRullas fon AR AACOR Tl

conmmuni 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 sI-Jectrum. The
multiple signals are distinguished by their respcctive 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

-1-



(Glhou~en 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. B
ased on the conparison, a control bit is sent to the transmtter either

i ncr easi ng. or, d§§re sing,transnisgjon ¥om§¥ by a fixed anount. Since the
recei ver Peh#8g ingy singletyme glot § tonds & Easoperecdit.r Bpsadyen the
transmtter's power |evel, such power control techniques are conmonly
referred Gandwide Rgafed @ Buppott a comAiniéfidmbie oP AfliltipRIBsoirds ulfts bRy mance
of closed | oop systens degrades. For instance, if co ni cations sent

bet ween a UE 351 nd a base station 301 are in a highly dynamc

envi r onneRPIENS 8h%§§CBHEmPHCﬂWELUE 321 noving, such systems may not be able
to adapt fast enough to conpensate for the changes. The update rate of

cl osed | oop padviest TDM swterhdadaptivelycedntidPiraaymission powoieoplsl € apEDDsecond
which is not sufficient for fast fading channels. O 462 9S2 A discl oses a

met hod fq | at.i j US| r 1 SSi.on power f L.anal s,bet ween a
mobi T sopeEh tafly S BunRElidhh oh; RO R Rl i Fean CinaS RS BB o
determ ne the transm ssion power |evel, the nean values of the signal

st r engt h 2abll 32gombaser staton 38§ tnragaiving v speeiftpecammunéchatiobagldhorothére mean
val ues, an anticipated signal strength and signal quality are cal cul ated
for a su ! id, Stﬁf{b t 1 S5 i j.nt ai ned
unchange .?@&gﬁﬁa gﬁggr?ﬁuss ot?\lgpsg'av\%r e\%th Jeglt% ﬁ%@ﬁé@%ﬁgﬁy@ﬁ%&%{@& IS
adj usted basgd on the anticipated values. WO 98 45962 A discl pses a net hod
for cont rSBP?l%ﬁg CQIPRHSAY QL | oﬁﬂﬁ’iﬁ%‘lﬂgl M| rysTYSHOR P@WFér]rSﬁVﬁgloﬁs Pg
satellite conmunication system The power control nethod has both a

cl osed- | @omrangication fegradeothessi gt qualifywf dhsther caachunieipionk evietih thithe base
station calculates the nobile termnal's power settihg based on the

strength i ecqi r . i i . station
koo i i sit8 R URLRuRE oK ERANE AP Banfl il Piver IRY BT R, P
power setting determ nation. For the open-|loop elenent, the strength of the
r ecei ved resuisdan undesiratile sigagktogiaise Hop ASIRshand bitermos rateipBERS) abthehe

strength of the signal received in 3 the previous frame. The transmt

power of rédisvembi I iedifiiai@lbdth @€) sigheld quan®T 8¢l donibificationy andatdwns in
t he observed signal strength. Accordingly, there is a need for alternate

appr oaches, |6, 18LnLAL B, Bl AN GHALLLY R0 QL] MRS on power | evel s.

SUMVARY con ansni‘tssi 0a power Tevels in a spread

spectrumtinme division duplex conmunication station. A first communication
stati on trans@neapproach 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.



conmmuni cation to a second comuni cation station. The second station

recei ves the conmuni cation and neasures its received power |evel. Based on,
in.part, the received communi cation's power |evel and the conmunication's
transm ssion power |evel, a path loss estimate is determ ned. The

transm ssion power |evel for a comrunication fromthe second station to the

and a1 ong ¢ or m ik SaaDRheitdhns B pect Gl ot B Reds RS

1l illustrates a prior art TDD system Figure 2 illustrates tine slots in
repeating fFariastaate,df dbanaydtaionssegubetvizens UE32)andibdseatativn 80f &¢ iapen
| oop power control. -3a Figure 4 is a diagram of conponents of two

conmruni cat i on. st ati ons, usi ng wei ght ed open.l o r_cantrol . Figure 5
depicts a f BighlefyamicsBvioPamae uGh o8 g MU olamd Bg: Stsheyshsrmand
cl osed | cop power control systemfor a UE noving at 30 kil onmeters per hour

(kni h) . Fi guotcbetatde po adsptdagrenpughfitotcompdmsate foy theowngesr Theropiae faie of UE
noving at 60 km h. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

preferred eghodjents wl | i 1 [ e t r.aw, Ng .

Pl Gur es -whenased BB thnidiortial 16 ATEhRE T Syichits 2ot Bofilh Shich
open | oop power control will be explained using the flow chart of Figure 3
and t he conjsaroesufficént fioo fait fpdingi ckchnoelsnuni cati on stations 110, 112 as
shown in Figure 4. For the follow ng discussion, the conmunication station
havi ng its transgphht ef, [ QS ool
transmtting st ﬁ@nﬁagsg%ﬁ{%@%%«%}tﬁggt@%{] ut?%tir?gﬂlt ?%@3?@?%3“58%%‘0“
control l ed comunications is referred to as~the receiving station 110.

Si nce wei grpaseciossignalp botwigsn & anebils statipnisad a base satigplin sk digitalrimphite or
both types of conmunications, the transmtter having its power controlled
may be Ioca&%@h yReaf PbAetdmir® the rnSAlssRin PORBr 1AL, Ahe iy valubs Bpt h
uplink and do lek power control are used, the receiving and transmtting
station's conponents are |ocated.at both.the base station 3Q1 and UE 32I.
For a's a orR i swenER 20 A RTangais e QUARD: e SEanierly Anted on the
transmtting stations 110, 112, the -4. receiving station 110 sends a
conmuni cat i mpan alues, an anddipatddngigaaladtiamgtt AAd sigreal cprahity) axeatalonlated farea
sent on any one of various channels. Typically, in a TDD system the

channel s, " SERRHAERPRCRARE AR Ehrting 58 LA GG pSPeL il h &L BB mesd. 1o

is a base

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 mobilé t.erminal 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

3.



station 301, the comunication is preferably sent over a downlink ceninon
channel or a Common Control Physical Channel (CCPCH). Data to be
comunicated to the transmitting station 112 over the reference channel is
referred to as reference channel data. The reference channel data is
generated by a reference channel data generator 56. The reference data is
assi gned Ortﬁcﬁievimié Frafle TIRSPAHERIt BBes oPBRGHobTle Eéiﬁﬁﬁﬂmﬂjlﬁ%édﬂiv sel
bandwi dt h requirements. A spreading and training sequence insertion device
58 spreads the reference channel data, and makes the spread reference data
time-nultiprihdee W#ﬂ%&lpéﬁﬁpﬁﬁﬁé’éﬁé strength e AGSHF Yatthere; igd ngedifor and
codes of the assigned resource units. The resulting sequence is referred to
as a conmunile#ate AppEidthes I thadeETisiehial fwditP uhd lowstratipHesiea dWetdkis i ed
by an anplifier 60, The anplified conrmunication burst may be sumed by a
sum devi ce 62 with any other communi cation burst created through devices,
such as a data generator 50, spreading and training sequence insertion
device 52 and anplifier 54. The sunmed comruni cation bursts are nodul at ed
by a nodul ator 64. The nodul at ed si gguMMARassed t hrough an isol ator 66
and radi ated by an antenna 78 as shown or, alternately, through an antenna
array, step 38. r;il'he. radi.ated signal is. Et?fﬁfed tt’iro h awreless radio
channel 80 to an HhIGREOBSOBfroly ansmisioNROWRY IgyelFin 4 spoad speetyumpding 5
nodul ati oa used for the transmtted comruni cati on can be any of the those
known to tRlisBimkiduples commbricatibn statin. aA fifst earhnpiwdcaticrh$thtiok apin’eni{sBPSK)
or quadrature phase shift keying {QPSK). The antenna 82 or, alternately,
antenna arr of ¢ transmttg ' . I eGA| V. riQus. radio
requency Sofmaaicafioh G ARG CpEhitieRonbliohe SRt Bistaith 5fids oy,
to a denodul ator 86 to produce a baseband signal. The baseband signal is
processed, comrhunsabipnzanchmmaslressity neaeived power deed. aldisad dat,aine partyrghda on
device 90, inthe time slots and with the appropriate codes assigned to the

communi cat i@feifePEbHimuniBRi G GPE\GLr B9 d}ﬁtmeeoﬁﬂmxﬁea&%-geﬁﬁaﬂﬁgﬁ?w&#e

t xai ni ng sequence conponent 1 n the baseband signal to provide
information, such as channel inpulse responsges. The c¢channel information is
used by t naetd: # Bty IaEs | GSHIMS e SleEuTIRRY o TS BHSIPR RO el RNEL dop 2
The power |evel of the processed comrunication corresponding to the

reference channehicaBdh fram theaseomrbstasion e thpofiedt seaiaisesse basedving i fartand
sent to a pathloss estimation device 94, step 40. The channel estimation

channel s, 17eiE0Re e RaiTBREE AR et IR TR Pl "L for
processing the received signals, the nmeasured power level is adjusted to

correct for the gain of these devices at either the power neasurenent
device 92 or the pathloss estimation device 94. To deternm ne the path |oss,

L, the transmtting st @¥pror PESESRPTRON OFSTHFEDRAWINGS

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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comuni cation's transmtted power |evel,Trs. The transmtted power
| evel , Trs may be sent along with the conmunication's data or in a signaling

channel. If the -G power level, T~ is sent along with the

comuni cation's data, the data estinmation devi ce 90 interprets the power
| evel and sen t he (i.nt ey.pret ed. power tot pat hl.oss estinmation
dovi ce 0a. i1 1gars daspfibrest o Smbouert 8f o8 coBvuficnidt Ssons R abi y

the transmtted power level, TRS, is sent via the broadcast channel (BCl ~

front he h@égh&ﬂ@p&ﬂoé@bow@ic@u@br acting the received communication's power
l evel, RTS In dB, fromthe sent comunication's transmtted power Ievel

TRS in dB, th ath stinma evice 94 estinmat the thloss
petween the t UEGTes CoRTe S graphie) thERepformAnaEal  ighied oeRoe, i
average of the pathloss, Lo, is updated, step 44. In certain situations,
i nst ead dbop and sttisbdilngp pbeet cangol systeingone UE eneting Bt $0tkilometers pérng

station 110 may transmt a reference for the transmtted power level. In
t hat cas%lou} thI 0oss estimation device 94 provides reference |evels for
the path /- and the long term average of the path loss, Lo. Since TDD

systens transnit downlink and upl i nk communi cations in the sane frequency
spectrum t he Figwus 6 dopists geaphef the Hireasysterss' eeplormeneefarndEimotiag. Thi s
phenonenon is referred to as reciprocity. Due to reciprocity, the path | oss
experi engedof@nt he dowmnlink will also be experienced for the uplink and
vice versa. By adding the estimated path loss to a desired received power
| evel , a transm ssion power |evel for a conmunication fromthe transmtting
station 112 to the receiving station 110 is determ ned. This power control
technique is referred to as open | oop power control:. Open | oop systens have
dr anwbacks. DETAILED:DESGRIEIION Off THEEPREFERREDEMBOIDEVIENTSand t he

transmtted conmunication, the path | oss experienced by the transmtted
conmuni cati on r %ﬂﬁe 'd°~§ tﬁ/@% .

conmmuni cat i onsﬁig rgtsefé%? enfﬂ; efsl ﬁﬁl ts%lhgg&ﬁ)e %%JBD tl&rfagms}got

del ay between received and transmtfed conmunj catl ons rade t he

per f or makEAreTWhgre like RumsEs ippesent ke ¢lgmeg gheyt. m‘% OE%@%P

drawbacks, a quality neasurenent device 96 in a wei ghted open | oop power

controll @bWeﬁ@oxﬂﬁél&ﬁmmpﬁi&ccﬂu@hgtﬁe fodwichartef Figmateckhrpkthb compenestsep 46.
The qual ity neasurenent device 96 al so wei ghts the estimted path |oss; L,

20, 3 1 AFTART cBhub AR B0 R 12 P FRRTI'A SRR | ovel

4, the weighted open | oop power controller 100 consi sts of the power
neasur er’rﬁDﬁO\dmg discossiomathis] eemanication; gatioe HayeDIs GRS SPAYEE enent
device 96, and transmt power cal cul ati on device 98.

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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The following is one of 'the preferred wei ghted open | oop power contr ol
algorithns. The transmtting station's power |evel in decibels, PTS is
determ ned using Equation 1. PTS = Pas + a(L-Lo) + Lo + CONSTANT VALUE
Equation 1 PRS is the power |evel that the receiving station 110 desires to
receive the transnjtt] station's communication in _dB. PRS i et erm ned
by the dé%‘?ql\él&gﬁmoﬁﬁg ﬁcwn@apeeépﬁﬁgagﬁmlag statnahbic-t 'A“ge

interference level, IRS, at the receiving station 110. To determ ne the

i nter f er gafitmhrfi¥aion hid$ bedent b8 ah§ ©Rk \GfVaridlid chainels.eTopiallycRaTmIgat i ons
fromthe transmtting Station 112 are denodul ated by a  denodul ator 68. The

resultin aseband, si gnal i rocessed, such as b channel estimation _g_
vl ce. T8vStiRk dncichands used JBF GEGTRERS A Tocare) rbedPdiE “amtiteiemdet e
appropriate codes assigned the transmtting station's conmunications. The

channel ichimielyalthoug othee eharineld sy b asuke If ¢etrecavingrstatton LH) i§Q Hase used by
an interference neasurenmnent device 74 to determne the interference |evel,

I ce. Th h, | inf i.0N. I d Lol th '
| cvel of SPHORADedh PRERRIESTY PR R sl fiet a5 RBliRR e BHRoA SRER 0”2
data estimation device 72 and a transmt power cal cul ati on device 76. The

dat a est omatGammondderdeal BhystdabClannel d€GREH).on device 72 is used with the
channel information by the transmt power cal culation device 76 to control

the amplifier 1 : &b Hon' ] wer
| evel .rerr S i sDzle% i(,aéflrﬂ'tr)ﬁggcé usi %ﬁ%&%gﬁ %ﬁ%%hmg%éﬁ%} %%%Ig?gl Hﬁ%‘%&ﬁﬁu on 2

|~ is either signaled or broadcasted fr the _receiving statign I1Q to the
t ransmi t Ehaped dseelgrred to, asepfergnghc Weggiﬁéar ddist veberencs phapret data ik nown at
the transmtting station I112. For uplink power control, SIRTARCET is

si gnal edgén&utdditsy 4 fsfeieyice Bhairel dar dehBrater 361€The sefersntce idag isbadiped | 1 2.
Usi ng Equation 2, Equation | is rewitten as either 'Equations 3 or 4. PTS -

SI RTARGEf +1 RS + a(l-lLo) + Lo + TANT VALUE Equat i on RTS = a L+(1-a)lLo+
"L o ROARCOF RIS o oupUr, BAReh off 5 OB PR ot o T
deci bels, TRS - RTS, for the nobst recent time slot 361-36" that the path
| 0ss wasrasptremantsl. ATspeading andrirainingrsgguensie, inpertioatdavaess S8 ispreaids the r unni ng
average of the path |loss estimtes L. The CONSTANT VALUE is a -9 _
correct i fifeteRic8chdiife] GeiAINhalvéy - spRfadaetsiendd d4th tings-RGEHlekBd With Up! i nk
a training sequence in the appropriate time slots and codes of the assigned resource
units. The resulting sequence is referred to as a communication burst. The
communication burst is subsequently amplified by an amplifier 60. The amplified
communication burst may be summed by a sum device 62 with any other
communication burst created through devices, such as a data generator 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, alternatély,

through an antenna array, step 38. The radiated signal is passed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of
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and downl i nk channels, such as to conpensate for differences in uplink and
downl i nk gain. Additionally, the CONSTANT VALUE may provide correction if
the transmt power reference |level of the receiving station is transmtted,
i nstead of the actual transmt power, T~. If the receiving stationis a
base.station 301, the CONSTANT VALUE is preferably sent via Layer 3

si gnal i ngmaddiildtion used €ov thegraisatiftehcomnmunicationsian tbeamyFihe these CaySHANT
VALUE is preferably sent via Layer 3 signaling. The weighting val ue, a,

qual 1ty oft (st AEUTATh b pHy AR BBy B Byl PSR pRaratle e

of time slots 361-36n between the tine slot, n, of the last path |oss
esti mat e phasetshéft keyigg (QRSK)s| ot of the conmunication transmtted by the
transmtting station 112. The value of a is fromzero to one. Generally, if

the time diffeirpagicht $3%h Lilfinbicll ahldihil abrdy D the trahificlifi S | 0ss

estimate w || alrl'y "accurate a als set’at a value ¢ e. By

contrast, if the tine difference is large, the path | oss estinmate nay not

be accur afeselied varieus edio frearencesignasp &Ihﬁ reepivedhsignalsamepassed thomgh i kel y
a better estimate for the path |l oss. Accordingly, a is set at a val ue

cl oser t 0af edtatoESYabI LAcROdT 2RI BE R Piddate bb oRhNg Byioh
ot hers ma?/ be uged. a=1 ?a(% -1 )I%?,a,%( Eqalfgﬁrglgi‘@'?ﬂe‘l?gllﬁdﬁ D, is the

nunber of ti sl ots 361-36n between the tinme slot the | ast path | oss
ot o SRBATIABrGeRE. FRRANTIG e TG e s P b AP LRGN o
will -10 be referred to.as the tinme slot delay. If the delay is one tine

slot, a idevioe. 90D, ih, the timehelotmandawithotwi appropeiaty coded wgsigakd val e for a
frame having fifteen tinme slots is six. If the delay is D',~ or greater, a

T ano 1 oREPRical Bl g0 lrbel SRl Hevick' Sy BRI Bl the”

controller 100 sets the transmt power of the transmitted conmunication,
step 48. @einingsgquencercomspanentin thebasebandsignakio poevitle channedinfoamation,t i ng
station 112 is produced by a data generator 102. The communi cation data is

spread anghchi A¥ecHEahél PhSNSE rdlpbhsed. (T BhditheP BTBANGE0RYs LRI BPlikadhig and
trai ni ng sequence insertion device 104 in the appropriate tine slots and

codes of the assigned source units. The read Signal is |jfied by the
apl 1 11 erestoR e AN powermesuisntand Hevios 92, i paver abotle The
wei ght ed open | oop power controller 100 controls the gain of the anplifier
106 to acprocessed hemdatrdcatiansebrtasposding tp theoefdrened chaRnel, R r.fio meakered
comuni cation. The communi cation is passed through the isolator 84 and
radi at ed gy tHehfo Rl BBARIr&Rent 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, Tps. 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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Figures S and 6 depict graphs 82, 84 illustrating the performnce of a

wei ght ed open | oop system using Equation 4. Equation 5 is used to calcul ate
a. These graphs 82, 84 depict the results of sinulations conparing the
performance of a wei ghted open | oop, an open |loop and a cl osed | oop system
controlling the transm ssion power |level of the transmtting station 112.

The si mul ppwenkevaldrgsis sehealpag fvithrticeomubiRsion syddte el datRedtpitiddi ng
channel under steady-state -I1 condltlons In this exanple t he receiving

stationl tatlo 301 P tLi station i aUE 321. For
The st mul deien 90 nierpretolhe iewehiovehind S the inieioreted navet kyohid dhes at i on
301 used two antenna d| versity for recepti on with each antenna having a

three fingehldsdlebtinaden\device™ Jf td doebringppition NEY érla dase stativhi 30,channel
and SIR estination based on a m danbl e sequence_of burst type 1 fi el'd in

t he presenc ve. n noi s The |nul used
an 1 ht or rierescy e rap il RS eraRTTn R Cy thbandeas aiesdBhne)
and QPSK nodul ation. Interference |evels were assuned to be accurately

known wi tfronthebase dtationt 30,. Byasubédactng thegesadhedesmmemécation' sqarvedrdevatd. The
CONSTANT VALUE and Lo were set at O db. For each of the power control

Syrbol i i B Eory B Ef odmumRi RN Pk YA 75 K] 8, BT

time slot delays, D, with the UE 321 movi ng at 30 kil ometers per hour
(kni h). AatBleswastimation deviceideessingates g lossi b hetvpancedporstatiens and
open | oop outperformcl osed | oop. For hi gher tinme slot delays, weighted

open | oopl 1JuRer étep a2, hodditieraly, hdeRg aiith Hlepsesbf thep amf@sssm%ugaa@agure 6,
graph 84, simlar results occur'if the UE 321 is travellng at 60 kmh. -12

CLAI M5 V\h | ai med i for contr i sm ssion_power
Covel's | it 43, dacheltain s iHAOh O, SaME Te SAROATILES PO CE JStebin
havi ng frames W|tht|me slots for conmunication, a first commnlcatlon

station tTgntm teseividg smtiondrhﬂmiayaramnﬁhavéfngemetfoaﬂmﬁraﬁém‘meﬂcpmmeﬂ evel
inafirst time slot (38), a second cormuni cation station receives ~ the

{7 ot COTBYEL S0 BRARYE AR Bl E ROtk DR Lin St IRIPRIRGE! | o1

as received 0SS es |nate |s mned ased on I n part the

measured received first conmmuni cation Povver | evel _and the first
communi c&atbipssr bnand disilens ferreavirager! thenath {ess, ket hod characteri zed by:
setting a transm ssion power |evel for a second conmunication in a second

time slot frorSihde THHD astenisatramymit dotindinki sl uglﬁﬂt comrhasiegtias innthpar t
conbining the path |l oss estimte weighted by a first factor with a | ong
term pat Qah%sfrcaéédc@agﬁectrum 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
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wei ghted by a second factor (48), wherein the first and second factors are
a function of a tine separation of the first and second tine slots. 2. The
nmet hod of claim1 further characterized by: determning the long term path
| oss estinmate based at |east in part upon an average of path | oss estinates
of comuni cations sent fromthe first station to the second station (42,
4-4). -1 i : r i zed 3 1 ning
2 qual i ¢y hemnspitRed BRI ackortinly Bffel G ORME CRICRAEY | IRIDI SRt
slots, D, between the first_ and second tine slot (46); and wherein the
first facemmugications arewensrdisteringdinoe shoss 16,a36,4 thettime shntidethydfetwben m 3
further characterized by a maxinumtine slot delay is D"~ and the

det er nunegl, & iaﬁclﬁ trats nﬁﬁecﬂ@é&ﬁfg{/ﬁingfd@iom nﬁiﬁde%%d]e) lﬁl@?ﬁl‘%gnv\%?g? gﬁﬁelF' 88019 f

claim1 furt aracteri ze e set arsm ssi
conpensates for differ(fnces in the uplink agcij dgvml ink gains. 6. The nethod
of cl ai mlpopmovrscoafial sxsterm; Aaovsroeme thesedrawpaeks g quality msasuremgnt on and
the second station is a user equipnent. 7. The nmethod of claim1l further

char act erdé&géee 9¢id dWweightéd offdnabbp Poiwer sonissllerd 00ideBfinéitHe HhgliGRF o
station is a base station. 8. A spread spectrumtine division duplex

i ti. t i fi t 0 d d (1 i ti
stati on. RGP e ASmIbRTY MBS BE T Ao IoE Al SATRLA D% 1 ¢ st
comuni cation having a transmt power level in a first tinme slot is

t ransni t testinfatedipathdofs, Lstnd laig enm(avebige dftthe pettdoss, B abisetithe Xdadsmitd 4
receiving the fixst comruni cation and neasuring a power |evel of the first

conmmuni cat ' . | : ©Sk | [ eker m .on in
art 1 he T2, PRl 67 248 obel BalcBRcRACE 98, Sibo4g! AL WA 1
conmmuni cation transm ssion power |evel, the S){stem characterized by: the
second stiEguss 4, the yeigbtask PR doonmpaner (qambrolies L Weconsisfs 1t tharpewersi on
power |evel for a second conmunication in a second tine slot based on in

part coniihsisugerhbft RAide 9D pattsds d"ﬁﬁh&tmic&m&@@gualifyi hédsut@aeMidedideh a
|l ong termpath | oss estimate weighted by a second factor, wherein the first

and seco fagtors are a function gqf .a tine separation of the first and
second ti agﬁ&a&sn%.;apwa%c%l%@}8P%1rce£9k¥ansm tting the second

conmmuni cation in the second tinme slot at the set transm ssion power |evel.
The following is one of the preferred weighted open loop power control

algorithms. The transmitting station's power level in decibels, Pqg, is determined
using Equation 1,

Prg = Pgs + a(L-Ly) + Ly + CONSTANT VALUE Equation 1

Pgs is the power level that the receiving station 110 desires to receive the
transmitting station's communication in dB. Py is determined by the desired SIR,
SIR r4rger 2t the receiving station 110 and the interference level, I, at the receiving
station 110.

To determine the interference level, Iyq, 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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9. The systemof claim@8 further characterized by the second station ( 112)
further conprises: neans (94) for determning the long termpath | oss
estimate based at |east in part upon an average of path | oss estinmates of
conmuni cations sent fromthe first station to the second station. 10. The
systemof claim@8 further characterized by the first station (110) further

conpr i sesdevidd70 afidk anbitd SGImator ddeibeﬂminitltngtimecah@ﬂsiam,wahﬂ@éa%m peiatehl oss
estimate based on in part a nunber of time slots, D, between e first and

second ting sl ot i.n the first fact.or,. t he, s cond.factor
e e, | e pidndibnfiaRoiding Mgons omsRttRadts, THEXtanasl BEHRtiam (| e
slot delay is D',a,~ and the determned quality, a, is determ ned by a =1 -
(D-1) I PBroduced® .byThBe solsingel adstindatiom 8evicet T@riscnsedicherarw detdeferéie
setting neans (100) sets the transnission power |evel to corrpensate for

di fference n the I|n of cl aim

further " dnesebi, divigs k{‘ﬁ&? (PibE o Iptprcite, VL ol “ThE BhRRE D) anc
the second station (112) user equi prent (32). 14. The system of claim
8 f urt herinfdraationemay ah;ol:lgp used tioi gagtrod tremsr(uim)ﬂarslevaeltefetheeqmmmgnt (32)
and the second station ( 112) is a base station (30). 15. A communication
station (gdgn PRY! el hgnﬁ.{lmabﬁns RipAPlo 4 XAl et dficd P23n3R" 02
spectrumti e dr \i 51 on ex communi cation system e systemusing franes
with tine slots for comunication and having a,second conmmuni cation station
(110) t r dransmit pager crloudationodeniae 4t I5a 4a|ﬁa gstimatden proguesdoby the data t he
conmmuni cation station conprising at |east one antenna {82) for receiving

the firstesHRHON EMNiEOT238séd MiGNihetdhaEnENnfoRhAtionely Hes aRFsARPEMCat i on
in a second time slot, a channel estimation device (88) haV| ng as i nput

configured [ecei ve t receiv irs n|c ion f roduci.n
channel |"I‘hl gﬁwc& Jééttod oLt ﬁgltl nggctﬁrg@] I‘Fé\?ltrrﬁ’ t %6?‘%51%18§fi gur ed
to receive the received first conmunication and the channel information for
pr oduci ngtatidnéy fraresnsid pdeea Jeval.power nmeasur ement devi ce (92) having an i nput
configured to receive the channel information for produci ng a nmeasurenent
of a receivedp ommuni cation, a pathloss estinmation
devi ce (94) ha\fﬁng&%hﬁ?‘ﬁ%gq;mﬁﬁ?ﬂggégngo recei ve the measured received
power |evel and co arl ﬂ{%he nmeasured recei ved power | evel ééﬂ;lfa'
transm ssi on power raemBlRE i r st communi cation for pro 2
pat hl oss estinate for the first

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

transmitting station 112. For downlink power control, SIR4pger is known at the
transmitting station 112. For uplink power control, SIRypger 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 = SIRpargertlrs + (L-Lg) + Ly + CONSTANT VALUE Equation 3

Prs = o LA(1-0)Lyt+ Iy + SIRpppgert CONSTANT VALUE  Equation 4
L is the path loss estimate in decibels, Tgs - Ry, for the most recent time slot 36,-36,
that the path loss was estimated. The long term average of.the pathloss, L, is a

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

9.



comuni cation, the conmmunication station (112) characterized by: a quality
measur enent device (96) .for producing a quality neasurenent based at | east
in part upon a tinme separation of the first tinme slot and a second tine
slot; a transmt power cal culation device (98) having inputs configured to
receive the pathloss estimation and the quality nmeasurenment for producing a

power coroiRictish Gétah. The GONSTANT IV ALUR correqts forcdifferande ih ke pplifik| oss
estimate weighted by a first factor and a |l ong term pathl oss estimte

wei ghted b second . f act.or, erein the first. and..second.factors are based
on on partit AR chpRfeiR spdhah o sBatsals ot AHERERSHR 0 ARG ahput <
configured to receive the power control signal and a second conmuni cati on
to be tr alswlikeghinn Additicreadlyn thet CONSTANT VALUE mayepravipdé Eotrergionhi€ second
comuni cation in response to the power control signal to produce the

anplifie . ' I.QR 0, ' ' t.at | . | ai m x5
Further - OhE FARY PR phyERleR Tovel OE WEOIBUMG 8T B Al hbeeRl of
comuni cation data; a spreading and training sequence insertion device
(104) havhtgcmal trapsmitqunweérgdred If the eeceivirg station daaurdseasfation 36y, dhé or
produci ng the second comunication in the second tine slot; and a nodul at or

oCaeing | ( . . _ sl _
( ) @@N@@ng&@% g%féﬁa%ly eexiteﬁslnfage% hes&gig%%' ¢l tRCRRBRin

comuni cat i on the anplified Secon mtuni cation to %adi o]

frequency prior to transm_gssion. jcatpon station ( | L 2) of
cl ai m 15 StAonHs 2 baee FE0E zeic S%ﬁJ?NéTa‘é‘R‘g ﬁ%lS(me§erﬁ@viSﬁgt v [yt
configured to receive the received first comuni cation for producing a
baseband 3sdigindling. and wherein both the channel estimation device and the
data estimation device have an input configured to receive the baseband
signal . 18. Tqﬁ§co | ion_s [ Q ' [ .
characterized W%%Hgﬁgﬁ%h§’%ég%%b%#gﬁﬁiféwfﬁmﬁhghggé?SL%?Eggbgc?é’one and
the first factor is thezgpality measur ement and the second factor is one

m nus t hds yueasury ofidasquadity af the esmaterbpatirless aochis: preferatdy, based pothg 112) of
claim 15 further characterized by the conmunication station (I 12) is a
base st aipygibel 3¢ tin® ¥ofs! B, J; BRevE&dnthe Uind I8, 0F tife 1455 atk WHsRARR{atd ﬁZ) :

20. The comruni cation station of claim15 further characterized by the

E:(irln(;r;J n: g%tgld 812% E‘s:il {tilg(g)qngﬁ{ %ééfl cson?mtlfr?i%atigrg yr'agsr{gl%ed(b%'z c%Pacrils}nqt 'nsges(%gt?odn station

112. The value 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 o 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, o 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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LRI S0, (08 ' d0hibe 3haOWielohinet! B U A) . @ 1L 1 S

dEYNC °

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 .
These graphs 82, 84 depict the results of simulations comparing the performance of
a weighted open loop, an open lcop and a closed loop system controlling the
transmission power level of the transmitting station 112. The simulations address

the performance of these systems in a fast fading channel under steady-state
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+109% ()- @!10%& ()- & 10%& ()- L$10% ()- SF'ml0% ()- CdYNC 10 10
10: 3109& ()- 7 109& ()- 5! 109& ()- 2! 109 ()- LO! 109%& ()-] UJEYNC

109 () -1 i 10%& ()- "109%& ()- "109%& ()- ni'10%& ()- F10%& ()- ncdEYNC
9I'G'109& ()- G 10%& ()- |Z"109%& ()- Z"109%& ()- Z"109%& ()- L109%& ()-
bVaBYNCy/ G' 109& () - 3- 4" 109& ()- ") G 109& ()-!i 33((10%66& () - FUL0Y& () - #G' 10%
& ()- VLdéfhﬂitl&lleIIi@ﬁ&%h@lc,é?&c"rb@%&"n@ statiohO%®a bhse bhliohB& 4nd the

14" 109& () - QHdEYNc m 1092& ()- s109&Z& ()- 109&Z& () - m' 109&Z& () m' 109@2& () -

710978 (SsEOu Y B 5 R o0 sy o B kit 32 vidigtpebis Staliba.
109Z& ()- 9*109%&Z& ()- @ 100/<z& ()-=_PdEYNC 910% ()- s  109%& () S1109%& ()- L
109 () - THOYE W Ihted Ha@8Etation 30, ta&Y g0 anténbAo®vénsity Tod f68pGidn with each
antenna having a three finger RAKE receiver. The simulation approximated a
realistic channel and SIR estimation based on a midamble sequence-of burst type 1
field in the presence of additive white Gaussian noise (AWGN). The simulation
used an International Telecommunication Union (ITU) Pedestrian B type channel
and QPSK modulation. Interference levels were assumed to be accurately known
with no uncertainty. Channel coding schemes were not considered. The
CONSTANT VALUE and L, were set at 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, at lower time slot delays, both weighted open
loop and open loop outperform closed loop. For higher time slot delays, weighted

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

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

* * *
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xmhbC ! 10%&' ()- 10 10 10:310%&' ()-L7! 10%&' ()- L5! 10%&' ()- ~2s!10%& ()- O

G u! ! dEMbC@L0%& ()-  10%& ()- “s!10%& ()-3 110%&' ()- ~ !109%& ()-
L1109 ()- !"c"" " K##AEMDCLF" t ! 1098 () - 9! 109 ()- L!109& ()-LL! 109& ()-
LI 109%&' ()- L!'109& ()- ##; $$$% % EnbCo ' ()- 9 ‘

1109 () -9+ 10% ()-9@! 10% ()- 9&

9$! 100& () - h9WRage&f &g&h&&xbCl 10%& ()- 10 10 10F: F10%& ()- 97! 109%& ()-
9S5s! 109 Whatdeslaififa'ie) - & ' u' ' (j (dEnbCs! 10%g& ()- ! 10%& () -
s!10%g& ()- F 10%g& ()- 10%g& ()-y!10%& ()- j(()S)))B*dEnbC' ! 10%g& () - s

t1109g& ()- ! 10%g& () } 0 %**9+++ dE
10%g& ()-1.s! 10 0s (1, &‘Pé’g’égg’r( OE??ﬁﬁ‘é%ﬁaég?‘}ﬁlfﬁ‘ éﬁ%&grgb $.10 a sprea
$110%& ()-,0,,,,,,, Gxan&' 10%& ()- 10g 10g 10g; 310%& ()-8 ! 10%& ()-
5'110%& ( ppéctn s divisiGn duplex. ca»mtﬁumcamomyqtgmuh raaes Witlaire) slots
1 109& ()-!10%& ()- !'109%& ()-8///40001dEnbC "109& ()- 109%&' ()-& 10%& () -
1 10%& () - h')rl&?{ﬁmgl)uication, a first communication station transmits a first communication
having a transmission power level in a first time slot (38), a second communication
station receives-the first communication and measures a power level of the first
communication as received (40), a path loss estimate is determined based on in part
the measured received first communication power level and the first communication
transmission power level (42), the method characterized by:
setting a transmission power level for a second communication in a second
time slot from the second station to the first station based on in part combining the
path loss estimate weighted by a first factor with a long term path loss estimate

weighted by a second factor (48), wherein the first and second factors are a function

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

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

second station (42, 44).
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1\ 112S222dEnbCs0! 109& ()-s.! 109& ()-,,s! 109& ()-)! 109%& ()-Gs' ! 109& () -
3941098 () - 23[ 3333334xnbCs! 10%&' ()- 10 10 10@ 310%& () - 8! 10%& () -
95109& ()- s 3f 10%& () - 4X444J555dEnbC! 109& ()- ! 109& ()- ! 109%& ()-3

1 109 ()- S!'10% ()- !10% ()- 5B6667U77dEmbCH! 10%& ()-° 10% ()- 10% () -

79 aahuEnb oo Liove: The dthdd of claim | furfher characierized by;

S 109 () -1 Y40%& () - 8B99999997: xmbCl 109%&' 5@12% 10 10 10;;;0%%' ()-s8!10%&' () -
s6! 10%&' ()- L310ddteimining a:qalvty, <od lofithe §9 estiniftediaced oh i 3 numb
 109&' ()S)  109&' ()-@T(l)%' ) - <)i( <<<<::d1EngC, #y 109%& ()-0&y 10%‘%)-u o

@10%' () - i ialon D bttt 5% e g e SERTBER S50 0o 10

10 10,; 109%& ()-s@!109%& ()- 5s!109%& ()- sL3!10%& ()-G 110% () -
?HGERAAAJEYNC seherbdvhe( first $acton $4¢ @pdrlve second factor is 1-a.

4, The method of claim 3 further characterized by a maximum time slot
delay is D, and the determined quality, «, is determined by

a=1-MD-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 stationis 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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transmission power level, the system characterized by:
the second station (112) comprising:
means (100) for setting a transmission power level for a second
communication in a second time slot based on in part combining the path loss
estimate weighted by a first factor with a long term path loss estimate weighted by
a second factor, wherein the first and second factors are a function of a time
separation of the first and second time slots; and

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

time slot at the set transmission power level.

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

means (94) for determining the long term path loss estimate based at least in
part upon an average of path loss estimates of communications sent from the first

station to the second station.

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

further comprises:
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wherein the first factor is o 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)/D,,

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

downlink gains.

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

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

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

18 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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10macaaab” RBffmdnit8fbn 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
the channel information for producing iﬂtcrpreted data, apower measurernent device

(92) having an input configured to receive the channel information for producing a

_measurement of a received power level of the first communication, a pathloss

estimation device (94) having an input configured to receive the measured received
power level and comparing the measured received power level to a transmission
power level of the first communication for producing a pathloss estimate for the first
communication, the communication station (112) characterized by:

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 calculatioﬁ 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 gcnerat.or (102) for producing communication data;

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

a modulator (108) having an input configured to receive the amplified second
communication for modulating the amplified second communication to radio

frequency prior to transmission.

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

a demodulator (86) having an input configured to receive the received first
communication for producing a baseband signal; and

wherein both the channel estimation device and the data estimation device

have an input configured to receive the baseband signal.
18.  The communication station (112) of claim 15 further characterized by

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

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