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DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM This invention generally relates to
spread, spectrumtine division duplex (TDD) communi cation systens. Mire
particularly, the.present invention relates to a system and nmet ho
controlling transm ssion power within TDD communi cation WMIWW 1
depicts a wireless spread spectrumtine division duplex cation
system The systemhas a plurality of base stations 301- 30~ *lls'_ea@h base
station 301 conmuni cates with user equipnment (l1JEs) 321-32~ in its

operating ar a9._ha { | to a UE
31 are rer SUTER LORPARRIRBTRIERIE L0 SO RIEEHNTROL NS
transmitted frorhIMEDBASION DUREEXCOMBEU QﬁgﬁmNeS@TWto as uplink
conmmuni cations. In addition to comunicating over different frequ

spectruns) spread spectrum TDD systens carry nultiple comuni U@"“nmmmmmm
the same spectrum The nultiple Ag@ﬁ(ﬂpﬁ]ﬁl sti ngui shed by

respective chip code sequences co Al'so, to nore effi Ci ently*mmoz*t he
spread spectr TDDs st ens illustrated in se.re ting
franes 34 divi IPH?’H(H‘ N ymatngsg;e@psspggt{gx% ‘gﬁbsf‘fma UR¥%t een
time slots. In such systens) a comrunication is sent |n selected tine slots
361- 36" UdIPR) setnpudchtiondystemac dbordipartignlarty ¢he present 3dvéntionaphibdsdo of
carrying multiple comuni cations distinguished by both tinme slot and code.
The conbi gyisteand rhethod Br BnbHa%ratSessioh Jﬁmfér RatEn TDIPcshRlunicibgf er red
to as a resource unit. Based on The bandwi dth required to support a
comuni castl%ﬁgs one or multiple resource units axe assigned to that

comuni ca Most TDD systems adaptively control transm ssion power

| evel s. Tn a TDD system nmany communi cations nma.y share the sane tine sl ot
and spectrum Niganed dgpigsia wirclsss epronditspeeirign tine divigien duplexa(BRBRI fi ¢
comuni cation, all the other comuni cations using the sane tinme slot and

spect r umdumaanichic EREAC TheQystbm IpReGHIhiditg oMbaNe taidraB0,130;r Eash ng t he
transm ssi on power |evel of one conmunication degrades the signal quality

of all t [ wever ,
reduci ng t{éﬁ s@?ansnfs%dﬁc S‘mde}\l/lé%a%%%bgg? res)%?é3 &ufﬁ%g@@gﬁge SI gnal
to noise ratigs (SNRs) and bit error rates Rgh at the receivers,

mai nt ai n AR hc?lﬁ’émgil%‘éﬁns éﬁ@&ﬁwtgﬁdcffo@@rh?ﬁﬁﬁ@ﬁf’ toh B 3Ry are Eﬁf@‘ﬁ?%m on

power |evels, transm ssion power control is used. One approach using
transni stoas dpwnﬁnkcommicittmﬁ aaddendinuiicatioms tahsiijtted from a UE 32, to

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 spectrum. The
multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeatiﬁg frames 34 divided into a number of time slots 36,-36,,, such
as sixteen time slots. In such systems, a communication is sent in selected time slots
361-36,, using selected codes. Accordingly, one frame 34 is capable of carrying

multiple communications distinguished by both time slotand code. The combination



access (CDWVA) conmuni cation systemis described in U S. Patent No.
5,056,109 (Gl housen et al.). Atransmtter sends a comrunication to a
particul ar receiver) Upon reception, the received signal power is measured.
The received signal power is conpared to a desired received signal power.
Based on the conparison, a control bit is sent to the transmitter either

i ncreasi ng or decreasing transm ssion power by a fixed anmount. Since the
receiver sends a control signal to the transmtter to control the

transm t t eof asigglevendd ave bingheudine slody refernéd w0l asteaebomge enitaBased oo v
referred to as closed loop. -2 Under certain conditions, the performance

of cl osed . i C J i i t

bet veon a R RiAH I EIRAIEAANGT a DRlmiREh R fo bl MRT RRBCAMAR" < ich
as due to the UE npving) such systens nmay not be able to adapt fast enough
to corrpensaéflg“‘?%ﬁontgﬁ%"%mﬁﬁ@ﬂlomhe update rate of closed | oop power control
in TDDis typically 100 cycles per second which is not sufficient for fast
fadi ng channel 3osVITHB sYKiOH2 adapilvedy} ana®l aanehizsidnipowd ddtoll IniaTTDB
transm ssion power |evel of a nobile termnal in a satellite conmunication

system T . I | - | oop
ol oront . RS Bfanf BhhAini SRR dna) habP e FnE AP S0t 408 B0, TRRE
nobile term a:{ s- power setting based on the strength of the signals
ecei ved U 12 OrHg8: Fation 30 AreceiiBE B PECie ROTGRURIARESD it Hetount t he
propagati on del ays of the satellite systemin the power setting

det er m natcommurficatidnb @isinpethel saae thine skottandtspectsimearagid itbrftlace actieved
signal fromthe base station in each frame is conpared to the strength of

the si gna'sgéégﬁgic‘!ct?rgléhﬂictaBSn.pri[‘ﬁ;'%ﬁet‘égin rﬁ‘[@'tra-mﬁﬁsﬁ(i{]%\%%rp%%ﬁ gf duae nobile

term nal i J us I nver sel he variations in e observed si gnal
strength. U S. Patent No., K 5,542, 111 dj scloses a nethod for regul afing
transni ssiCORIPERAioadiseFades die denal gHpktyt iqslﬁpr&ﬁnﬁgumeagorfsewﬁmaﬁﬁat
short-termtraps passion power control. Long-term power control occurs in a
base st at itiome slot antbspeopam.| Hostevenaniuging thy wamsuniszint poiwer dewel tdo Geci si on
authority statenent is communi cated fromthe base station to the nobile

station. T&RlshPhiddsRablelsipHabtd SoibfatiB9 SINRE MR bit Srroefass (BERE) at (hen t he
| ower | oop using an identitier of the long term power and the decision

i ntai n’ SPARER. QT ol oo REFR LRI PR PRI IR 14

transmission power levels, transmission power control is used.

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

to as closed loop.



Qut er | oop/ wei ghted open | oop power control controls transm ssion power

|l evels in a spread spectrumtine division duplex conmunication system At a
first conmunication station, errors are neasured in a received

commruni cation froma second conmmuni cation station. Based on in part the
measured errors, an adjustnment in a target level is determ ned. The first
station transmts a communi cati on and the target adjustnment to the second
station. The second station measures the first station's comunication's

recei ved power : ' ' pat h

| oss is deter mdnr@g{.s&f@ @?g%@&’ g@ﬁf@%ﬁfeué{?&e@bﬁf%ro @%‘3@‘%&%%@@&% vi ng
the target adjustnent. The quality of the path loss is determned with
respect t dosinstansediieommupisationssent batween %E’Ezmlvﬁsms@&mmmmgb@cond
station. The second station's transm ssion power |evel for the subsequent

comuni cadiypdmicensitotifileft] sidsadverto the WBhioving, sdch eysiemethagaidibkabk t he
determ ned quality and the adjusted target level. -3a BRI EF DESCRI PTI ON

OF THE DRA Fiqure,l illustrates. a Rpri t TDD syste Figure 2

11 st r at SSoQA0R sk et cpmpBndaf % it CanBls. e dydaes WA A eseites” < o
flow chart of outer |oop/weighted open | oop power control. Figure 4 is a
di agr am opowenganiwal s TOD impicw cydlésper secaridowbichds ngt suffieient for

| oop/ wei ght ed open | oop power control. Figure ~ is a graph of the

per f or mangg pidiggERmneROP/ Wei ght ed open | oop, wei ghted open | oop and cl osed
| oop power control systens. Figure 6 is a graph of the three systens

per formance i I B kK Error_, . TAI LED.DESCRI PTI ON OF
PE PrerereeD BE: @méﬁﬁlﬁéeﬁ?§§3§%%§ A2 B wi
reference to the drawi ng figures where |ike nunerals represent |ike ‘

el enent s levebeighmgbile torminal ig 8 satetite semmusisationsyptepb wEhe paver eontigl] | be
expl ained using the flow chart of Figure 3 and the conponents of two

si npl i fi echettmidnhayl bethi oclosédldoprandlil) opdtlesp elemwnt. Fdri theratosed-loep t he
foll owi ng di scussion) the comuni cation station having its transmtter's

pover. conkibfiehdhd thsh Efuibh elot et ind HBLHE RARMHALY tePLatihpBadelitrld L1

comuni cafion station recel ower cont comuni cations 1s referred
to as the receiyvj Station,110. Since .quter J|o i ght ed open | oop power
control nﬂ{ﬁ“&g‘?féggs”gﬁ sﬁ?ﬂef"r?é?r% m‘?mtéﬁ%?ﬁpﬁlﬁ\%ﬁ@ge Wueﬁ%i‘&ﬁ}”é%ti ons)
the transmtter having its power controlled may be associated with the base
. station 3rounEtiep propagation delays of the satellite system in the power setting

determination. For the 6pcn-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
the previous frame. The transmit power of the mobile terminal is adjusted inversely
with the variations in the observed signal strength.

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
power control of a mobile station using long-term and short-term transmission power
control. Long-term power control occurs in a base station on the upper level forming
aclosed control loop. A decision authority statement is communicated from the base

station to the mobile station. The short term transmission power level is determined



both. Accordingly, if both uplink and downlink power control are used, the
receiving and transmtting station's conponents are associated with both

t he base station 301 and UE 321. The receiving station 110 receives various
radi-o frequency signals including conmunications fromthe transmtting
station 112 using an antenna 78, or alternately, an antenna array, step 38.
The received signals are passed thorough an isolator 66 to a denodul ator 68
to produce a baseband signal. The baseband signal is processed, such as by
a channel orttelowet loop deingaridentifierdf thedengterrn powet amitheldacisien a@thoiity. t he tine
slots and with the appropriate codes assigned to the transmtting station's

conmuni cati on. ngl est] } i Y, the training
sequence conpo‘%gﬁ(?rdf&q?'hgw ea@e%&%éa glgrggg%lnfq % zr 5@?@%%‘%@&? r‘ffgﬂaﬁmti on)
.such as channel inpulse responses. The channel information is used by the
data est i gualityanddow dwmnymissionepavierdeveds.-ence neasurenent device 74) and the
transmt power cal cul ation device 76. The data estimation device 72
recovers data fromthe channel by estimting soft symnmbols using the channel
information. Prior to transm ssion of the conmunication fromthe
transmtting station 112, the datsma{ f the communication is error
encoded using an error detection/ [T'On encoder 110. The error encodi ng
schenme is typically a circular redundancy code (CRC) followed by a forward
error correct i@nteeﬁlmmwghtql epealgap power cotselcoptrods transmdssion powes chenes
may be used. Using the soft synmbols produced by the data estimation device
72, an erfeQéls ﬂ?h%?fda@ Rpe@iirk mkl@viRineddpiecédsiftinidatib eysteh! Avavael s. A

processor 111 analyzes the detected error and determnes an error rate

for the regcelv ni_cation) -Based .on. t rror. rate,  the
pr ocessorc P e A HBORT ot hisviga R AYLeiPld oAl Gich i 4.0°,
target signal to interference ration (SIRTAaG-r.), needs to be changed at
t he t r ansiererd emmuaiqagan station sBasedan in par dhe waasured ereers,an adiwstawdlnt, a
target adjustnment signal is generated by the target adjustnent generator
114. The ihartgepet bojelistdetartnine]. Shiedagtistatidny trammbits cdmmunicationmiahd ity
station, step 41. The target adjustnent is signaled to the transmtting

station lddet JHARuASHIURD 8 SRclfdist@bR] The debRIECHRAGE ﬁé}@&@@'m?%eﬁ
techni que to determ ne the anount of adjustnent in the target [evel uses an

P eshol dteth coppEReRig e alp i eyBl o s R IO TR d hbcas

to be increased. A target |evel adjustnent signal is sent indicating an
i ncr ease leyeliapathdesyds determined. The target level is adjusted in response to receiving

. the target adjustment. The quality of the path lc;ss is determined with respect to a
subsequent communication to be transmitted from the second station. The second
station's transmission power level for the subsequent communication is adjusted
based on in part the determined path loss, the determined quality and the adjusted

target level.
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level. If the determned error rate is below a second threshold, the target
| evel is set at an unnecessarily high I evel and the target |evel can be
decreased. By reducing the target level, the transmtting station's power

| evel is decreased reducing interference to other comuni cations using the
sanme tinme slot and spectrum To inprove performance) as soon as the error
rate exceeds the upper limt) a target adjustnent is sent. As a result,
high error rates are inproved quickly and Iovver error rates are adjusted
slow y, such as once N S between the

t hreshol ds, a target %ﬁ%%é R:ig‘i‘%o sen mst he sane target

| evel . pI yi ng. the above technique to a s stem usi ng CRC and FEC encodi ng
foll ows. Each %M&Wﬁbﬂk‘sﬁétc&h@éll@ééﬂfm D#ys®Rror. Each time a frame is
determned -6 to have an error, a counter is increnented. As soon as the

count er exceedFi@irePRRIstrhRE aafelists itepRadte fratek Of 4 TDDRYsteite desired
bl ock error rate (BLER)) a target adjustnent is sent increasing the target

| evel. To adju e, transm tation. 112) the
| norease it hEIRes RO e AF opBF kodelEhidd GibebBh pBer bIRkeS 2% ange
of 0.25 dBto 4 dB. If the nunber of CRC franmes encountered exceeds a
predet er mi ned Fignne 4 isucdiagsur aDeorhpanengy of tveo cenuunigatioh stations wsingi s
conpared to a | ower threshold, such as 0.2 to 0.6 tinmes the desired BLER

I f the nughgri6s /ﬁ,@}gmeqpoﬁgnqgg ?5{;@{@0ﬂt§olbe| ow the |l ower threshold, a
target adjust rrent S|gna is sent decreasing the target level, SIRpsc. A

t ! f Sl . dB. The val be based
P Tan9e Bl hEES bhebiet e Btoinct Bl SLARE bttt o

is based on the type of service. A typical range for the BLBRT,,R-E. ~. is
0.1 %to »eightehopen lvepandidaessd leappowercanioh syempach for det ermi ni ng
S| RDEC~ SI RpEC = SIR NC x BLERTaRG-,./(1 ' BLERTpRG-,.) Equation 1 If the

count is bet WeFI%drBGiM Qifdﬁeﬁ@éegyb&nw@@ﬁﬁM&mdcﬁhmm%bﬁEmra target

adj ustnment signal is not sent. Alternately, a single threshold nay be used.
If the er t xceeds the threshold, the target level is increased. I|f
t he error'k?igft@“@ﬁel ow the threshold, the target is decreased.
Additionally, the target |evel adjustnent signal may have several
adj ustnment levels, such as from0O dBto t4 dBin 0.25 dB increnents based
on the difference between the determned error rate and the desired error
rate. ThDHTA HrEB D¥BS €ERIPII 0N O THIe PREFERRED (RMB@DEMENTESst at i on
ClO determnes the interference level in dB, IRS, wthin the channel, based
on either the The preferred embodiments will be described with reference to the drawing

figures where like numerals represent like elements throughout.  Outer

loop/weighted open loop power control will be explained using the flow chart of

Figure 3 and the components of two simplified communication stations 110, 112 as

shownin Figure 4. For the following discussion, the communication station having

its transmitter's power controlled is referred to as the transmitting station 112 and the

communication station receiving power controlled communications is referred to as

the receiving station 110. Since outer loop/weighted open loop power control may

be used for uplink, downlink or both types of communications, the transmitter

having its power controlled may be associated with the base station 30, UE 32, or
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channel information, or the soft synbols generated by the data estinmation
device 72, or both. Using the soft synbols and channel information, the
transmt power calculation device 76 controls the receiving station's
transm ssion power |evel by controlling the gain of an anplifier 54. For
usé in estimating the pathloss between the receiving and transmitting
stations 110, 112 and sending data, the receiving station 110 sends a
comunication _ to the transmtting station 112, step 41. The conmmuni cation
may be s on 0 6 A AR i ard TP system
t he chanﬁ‘gt?ﬁs}' uéggé& org X’SE Prgt;ﬂl %@Erggt‘dﬁ?oss a?dekspg%eé?rcg)gqog aéés r’Elrsgq’e@gnce
channel s, al though other, channels may he used. If the receiving station 110
i s a baseresiineomnBBaSTRiEng Hatieis CARPERCHS affr ayserigind W ot i base downl i nk
common channel or a common control physical channel (CCPCli). Data to be
conmmuni cadtaibrt 30,tdned WE@2Mi tting station 112 over the reference channel is
referred to as reference channel data. The reference data may include, as
shown) the int . i ] e data,
such as the trANCRbERE SEKGI Gy B A A0, Bn ) BEhalt FIEARER ™ 21
reference channel power level, IRS, nmay be sent in other channels) such as
a si gnal iGoguBHBISAGNS fram  Giectranyaiting siationgddd vsing e rali®@mapy8a OF ef er ence
channel data generator 56. The reference data is assigned one or nultiple
resour ce diidiclppatshtefind sieay; SfOpLBS. CHid Rocivel) siptnisdird praediiczoegh 8n A
spreadi ng and training sequence insertion device 58 spreads the reference

channel da a s the s d efere a timg-nul tiplexed
Wi e « AR BB SR B pitens d GEEBIRT RS bt Fhalste Y e
assigned resource units. The resulting sequence is referred to as a
comuni cds pmsesngdstuchpn by ashanndl estithafiobdedee Thand pdagesmpiomdeNire i ed by
an anplifier 60. The anplified comrunication burst may be sumed by a sum

devi ce 6272yiih the el BB aDWIM the abp@priaty s6desrRBsighdd tth el gandaiiiges) such
as a data generator 50, spreading and training sequence insertion device 52

and anplifj.er.5 . co i {.oNn: hug st e t a

nodul at orSEJE’a'{}I.;‘l S'r%em%g{gluc? ggggdl;l}eg%@d%lgé‘%g{;@éo% ?%?%38#02%% J%lgl ‘g‘%(sjlrﬁ){e% and
radi ated by an antenna 78 as shown or, alternately, through an antenna
array. TREIRHAgsequeaceremmaenens ifhhe baseband sighpl tQPW‘ﬁ@%%@nPgi&fmlé’ﬁnel 80 to
an antenna 82 of the transmtting station 112. The type of nodul ati on used
for the tsnelmasichimert] dmpuisairespioness. CHite blarmey inddrhiticre iskusedrbyt thetdacs e
skilled in the art, such as direct phase shift keying (DPSK) or quadrature

phase shiekiims@yh MvicePA ) the ;Ht%rﬁfé_tn%‘ NRediaredhent Yeb NP, Sdnd thRNE&3AA array of

the transmtting station 112 receives various radi o frequency signals
i ncluding the target adjus s., The recei ved. si.gnal s _ar sed t hrough
an1 Sol adereasaEARon AU e g RnAEvict P ReSvdH GaB TR

channel by estimating soft symbols using the channel information.

Prior to transmission of the communication from the transmitting station 112,
the data signal of the communication is error encoded using an error
detection/correction encoder 110. The error encoding scheme is typically a circular
redundancy code (CRC) followed by a forward error correction encoding, although
other types of error encoding schemes may be used.

Using the soft symbols produced by the data estimation device 72, an error

detection device 112 detects errors in the soft symbols. A processor 111 analyzes the
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baseband signal. The baseband signal is processed) such as by a channel
estimation device 88 and a data estimation device 90, in the tine slots and
with the appropriate codes assigned to the comunication burst of the
receiving station 110. The channel estinmation device 88 conmmonly uses the
trai ni ng sequence conponent in the baseband signal to provide channel

i nformati on, such as channel inpul se responses. g _ The channel
information is used by the data estinmation device 90 and a power

measur ene ' : ' §ON

Cor  espondaEy bfifr & RN e Ele B}l becolV b R RIS M 0
measuremegt devi ct;SQZ and ;hent to a Ezﬁ%oss_esti mat i on d%vi ce 94) 'step 42.
Bot h t he Bhasatdnen theserroraatey thajproicessos terminescthe apynintef iavy, altargete 90 are
capabl e of separating the reference channel from all other channels. If an
aut omat i Clegal BydPayt j QhtefRdck | sed fyo ' he

recei ved lgiggllr’]gll! S, ti@%‘g?gﬁg@ power l1ce\l/.§F°d| ?%{aﬁ?gf)égce}tag?gg?r%g%% or _ _
the gain of these devicesg at _either the power asurenent device 92 or

pat hl oss ddhe fransmitipg slalign QAS’ steR 4[90\%@‘3&95&?”39@%“%\%"&@%3 Ergefnponent
of an outer |oop/weighted open | oop controller 100. As shown in Figure 4,

t he out eradjostpienesighteld geperatddiopthecatgeo bdjgstnidil genemtdrskHst. t The popetr

measur enent devi ce 92, pathloss estimtion device 94, quality mea%ﬁremant

devi ce 94, . - ' ik PO I [ devi ce
05, To Pt i SRS e 1ot BRGNS BT VR, 45 “THOtpd
requires the communication's transmtted power level, TRS. The

communi caadiesiment isHignaled todhp saasmitdne statigpd 12psichas using a dedicgtediarh t he
communi cation's data or in a signaling channel. If the power level) TRS, is
sent al ongreférehcd cleanmelmuni cation's data, the data estimation device 90
interprets the power | evel and sends the interpreted paower |evel to the

terprets the power e | nt ] .
Gt on 301, noi Pt fRactimink tleind SRBOMAPLRLR h BRI RE™T (o
br oad h I f I, 301. B b [ h
e vod A1 BOPET AN R Told p JRaRe AT SEGF THGFRGERES Suriber

communi cation's transmtted power level, TRS, the pathloss estinmation
devi ce 94hresholdnths target leachid ssfsat an upanoep@hly ks tlewelsand noeds Gl dy 112,
step 43. Additionally, a long termestimte of the pathloss) Lo, is

updat ed) ifitrensed4 A @iget tosebidjastaientsipalds semt indiaitihpenin@sideatige tafged | Ong
term average. The long term average of the pathlass, Lo, is an average of

the pathligsg. If the determined error rate is below: a second threshold, the target level is set

at an unnecessarily high level and the target level can be decreased. By reducing the
target level, the transmitting station's power level is decreased reducing interference
to other communications using the same time slot and spectrum. To improve
performance, as soon as the error rate exceeds the upper iimit, a target adjustment is
sent. As a result, high error rates are improved quickly and lower error rates are
adjusted slowly, such as once per 10 seconds. If the error rate is between the
thresholds, a target adjustment is not sent maintaining the same target level.
Applying the above technique to a system using CRC and FEC encoding

follows. Each CRC block is checked for an error. Each time a frame is determined
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estimates. In certain situations, instead of transnutting the transmtted
power level, TRS, the receiving station 110 may transmt a reference for
the transmtted power level. In that case, the pathlos s estination device
94 provides reference levels for the pathloss, L. Since TDD systens
transmt downlink and uplink conmunications in the same frequency spectrum
the conditions these conmuni cati ons experience are simlar. This phenonenon
is referred to as reciprocity. Due to reciprocity) the path | oss

experienc |4 ke ' ik and

i co ver o Y arifor XMELs Mo aa, S sBIRR deRoRe Boelat B

transm ssi.on r level for _a. co nication fromthe t itting station
112 to t h@Pﬂ@ﬁ&S?% a% Atﬁf 21 times (egdesiies tlegk eftor fate; (RLEIE) Ay aE8htst s
between the estimated path loss and the transmtted conmunication, the path
| oss expendmstrchthy dehe ibcremdng tthe dargettavel. cdld adjusayha iSIR g ofr ainthe he
calculated loss. In TDD where comuni cations are sent in differing tine
slots 3613365 i I ecel ra
connunica?ﬁgﬁgu%a Sg%g?égggﬁﬁ%8%%%¥§§%Eﬁggn%9”§ﬁlgggﬁpﬁgg"Cgi&g&hggntro
system To oQvercone these drawback wei ghted op | ogp power control -11
det-er ni ne&Pi¢dlydn & range of 025« Bator4 fiﬁt &ths aum Cégg &&é) %@n&s §hequntgred

measur enent device -lla 96, step 45, and weights the estinmated path | oss
accor di ngkyceells agprddétenginedrlimaysuchges bd0G blecksitthe ombje obtheTewuvnrdrdnce
performance further in outer |oop/weighted open |oop, a target level is

adj ust ed. %&ggﬁz‘%ﬁ% %Cl%\xﬂep%hx%ﬁ{b\{@,&s[ugh L0958 6.6SUAROME &é@@é’dlﬁiﬁlﬁg’lf{tﬂé’ data

estimtio vice 90 to bits an xtracts the target adjustne

i nformation, . such as a NRCEr ., adj, ust t. Ata updat e, devi ce 101
st o t REDEF Geestut Plask it ibAav gBe e IbiRbARE p B SRR ¢ ar oo
| evel may be a SIRTaRC~.c. or a target received power |evel at the

r ecei vi ngsignaltis sentiicorea¥ing the tangstilevehdiRpes ah dypiaalirangelefSRe 08 Gdbi nes
the adjusted target level with the weighted path | oss estimate, L, and | ong

term aver goedpf THesy0ad 6f SBS, & flayHRAsed 6h SIRG, J@iEA Erpe b6k drfarta) Ssi on

power |l evel of the transmtting Station, step 47. Data to be transmtted in

qenor at or iRt hof SR G tisPRoRiE BB of Mt ARGl €F C,

detection/correction encoder 110. The error encoded data is spread and
the BLER4rger 1S 0.1% to 10%. Equation 1 illustrates one such approach for

determining SIR k..

SIRpge = SIR ¢ X BLER 14rger/(1 - BLER parGeT) Equation 1
If the count is between the thresholds for the predetermined block limit, a target
adjustment signal is not sent.

Alternately, a single threshold may be used. If the error rate exceeds the
threshold, the target level is increased. If the error rate is below the threshold, the
target is decreased. Additionally, the target level adjustment signal may have several
adjustment levels, such as from 0 dB to +4 dB in 0.25 dB increments based on the

difference between the determined error rate and the desired error rate.



time-multiplexed with a training sequence by the training sequence
insertion device 104 in the appropriate tinme slots and codes of the
assigned resource units producing a conmuni cation burst. The spread signal
is anplified by an anplifier 106 and nodul ated by nodul ator 108 to radio
frequency. The gain of the anplifier is controlled by the transmt power
cal cul ation device 98 to achieve the determ ned transm ssion power |evel.
The power controlled comunication burst is passed through the isolator 84
and radi at ed byl‘l'nteh?rrt@i?&‘éﬂé?@ Iﬁgasurelfﬁeqt dd¥hcd 94! Sf’“tﬁﬁ recei i 9&&&5 J10

| oop/ wei ght ed open [oop power contr algorithm The tranSmitti

stations's, transm ssion power | evel deci hel s, PTS _is determ ned usi ng
Equat i on Zletesqines the jnipefprence | WSILP%Q:}RL(B‘P thin thy chaspglsbased opsier Buat i on 2
The SI RTARGET has an adjusted val ue based on the received target adjustnent
si gnal s. fehanid) énfoonmtiomlor thdwfi synitiodd genatased bf thSdRaesdhation devikePn at t he
transmtti ng station 112. For uplink power control, SIRTARCS.,. is signaled
fromthe [ Q t t

Addi ti onal Cb%ﬂ\zgl %)Sgli%‘u mE a%g#%'}’érarﬁ r??i ?a%}{aﬁﬂélglrntf%ﬂr?q% {’é %%ggéﬁ Rower :
al so be si gnal ed. The adjusted SIRTARC:r is . lim ted to t he maxi num and
m ni mum v&Rlfalatioprdeviee 7&160%%@6, dRecTeSEI ViR StRHPRS Féﬁ%ﬁ@é‘oﬂdiﬁéﬁ‘ef leXed|byat t he
receiving station 110. L is the path loss estimate in decibels, T,~ - RTS,
for the meshirokingrhe ghitfofdndm@@ierF. that the path |oss was estimated. Lo,
the long termaverage of the path loss in decibels, is the running average

ConsTaNT VALUET S5 rs 8 efing IR SARBI ik e ieefyifE kR T
channel s, ?a;tJCh ff@,tﬁtzconp@g@%ﬁné% dlf%ggc&%%ﬂ)églﬂl nk and dO\{VI’ﬂ i nk

gai n. AddPEIgR%: pad £ [gee A f AEPENMGalIORe
transmt power reference level of the receiving station is transnitted,

i nst ead oto theeradeinitbihg kabing M2, Pyt THRS minkinichtion awgibeisant diaalions 110 is
a base station, the CONSTANT VALUE is preferably sent via a Layer 3
nmessage. AFHYHE h I

esti mat edquh agilsaglkar}% ?éslg TERICAlgbanbaseds}g%né’hglen !grrsbéo et| nme slots
36l - 36" between t he of the |l ast pat ss .esti,mate and
the first S$HHEIY Bt StaFFe“‘gB‘Fﬁﬂﬁﬂ %{q?%;ﬁnqer%l}?gﬂ%lﬁt Hp%lﬁﬂtq{gcﬁhg}}g?}ﬁt. ng
station 112. The value of a is between zero and one. Generally) if the tine
di f f er encmaydiewsed. ﬂﬁ@etrﬂmvmjgcsu’slomslwrmlalbas@ setioe 30n thepeethmuppationt i mat e
will be fairly accurate and a is set at a value close to one. By contrast,

if the  is preferably sent over a downlink common channel or a common control physical

may

channel (CCPCH). Data to be communicated to the transmitting station 112 over the
reference channel is referred to as reference channel data. The reference data may
include, as shown, the interference level, Iys, multiplexed with other reference data,
such as the transmission power level, Tgs. The interference level, I, and reference
channel power level, I, may be sent in other channels, such as a signaling channel.
The reference channel data is generated by a reference channel data generator‘
56. The reference data is assigned one or multiple resource units based on the
communication's bandwidth requirements. A spreading and training sequence

insertion device 58 spreads the reference channel data and makes the spread

-8-



time difference is large, the path |oss estimte nmay not be accurate and
the long termaverage path | oss neasurenent is nost likely a better
estimate for the path loss. Accordingly, a is set at a value closer to one.
Equations 3 and 4 are equations for determninga a=1- (D- 1)I(D,~1
) Equation 3 a = mx { 1-(D1)/(D',~_~ oW -1), 0} Equation 4 The val ue, D,
is the nunber of tine slots 361-36" between the tinme slot of the last path
| oss estimate and the first time slot of the transmtted conmuni cation

whi ch Wi | feflrencedatd tigd-holtiptexedavitt Aaisingseql@hayin thé appepeieleaimd sotone time
slot, a is one. D~ is the maxi mum possi ble delay. A typical value for a

frame havj i I tS. .1 % I i et LS zero
D', ~ ~, oVé—ﬂ}?%&{e%tg?r?rrl{}x‘lllss me%}- Sgaéd&ﬁfn?[r%rbqgfe (r)‘%sfu(ljﬁel{h%/eq@gﬁé{euissisrﬁgﬁggé%%f %op power
control. If the delay exceeds D', ~x.,"oW-, open_|oop power control is

. ef f ecti vefgmypisadonbursy Tdheteqmguaication busst Hgsubsequanilysamplifiediey an evel |
PTS, determned by a transmt power calculation device 98 the transmt

power of #hglifiérddls MTHe Sl EthaBhicafion BuSeinay bt gumesedbypdshf de@gpar e t he
performance of the weighted outer |oop/open | oop, open | ocop and cl osed | oop

systens. .simul ations in Figures S and re.,-14. perfornmed,.for a

Sl Toncry O Pult B Blis? Sprtuticain BursL AeReq sPRbRa ficssh SHOT 608 SB0r t hm
In this version, the target SIR is updated every block. A SIRTARGr is

i ncr easedganeraion spreadingranddminiag sequsdcaingedivordexiced? andwmnplifteriéder r or was
detected. The outer | oop/weighted open | oop system used Equation 2.

Equation 3 wasrhes@inrhed eemetliéRiod- buldte a® Mbddhicd sy £HTARIR6r §41€The

performance of the systenms controlling a UE' s 321 transm ssion power |evel.
For the simglati.ons, 16 CRC hits re. ded. every. bl ock. In the,simulation,
cach bl ocRouBle idishs peeadhifpl R RHIRECe B it d Rt im aPtehEB g A ot
bit errors occur over a block. The uplink comunication channel is assigned
one time showm e ralitrnately, thoughrgeaniénna arrey. bilbe kadiatast signakisi pass@l 0. The
SI RTaRCST i s updated every 4 franes. The sinulations address the

per f or manaugh atwiesesssrdioanhélr80ao b adiéAnd 82 LibeMtingini B glstdtiofaler s per
hour. The sinul ated base station used two antenna diversity for reception

our . sed t . for rec
ppr o el e/ PP feftn fedd Ve AR Ak RSl Bl BB

f burst t field inth f ditive whi Gaussi
nor s (AR T ihost 1Gillec o<t w0 R IGRARPRTEaF kBB #on Uni on

(I' TU) Pedestrian B type channel and QPSK nodul ation. Interference |evels
wer e assuuedrahwrelphase shifthkeyerg @B8K). Channel codi ng schenes were not
considered. Lo was set at O db.

The antenna 82 or, alternately, antenna array of the transmitting station 112

receives various radio frequency signals including the target adjustments. The
received signals are passed through an isolator 84 to a demodulator 86 to produce a
baseband signal. The baseband signal is processed, such as by a channel estimation
device 88 and a data estimation device 90, in the time slots and with the appropriate
codes assigned to the communication burst of the receiving station 110. The channel
estimation device 88 commonly uses the training sequence component in the

baseband signal to provide channel information, such as channel impulse responses.



G aph 120 of Figure 5 shows the performance as expected in terns of the
required Esl No for a BLER of 10-' as a function of tinme delay between the
uplink tinme slot and the nost recent downlink time slot. The delay is
expressed by the nunber of tinme slots. ESis the energy of the conpl ex
syibol . Figure 5 -15 denonstrates that, when gain/interference
uncertainties are ignored, the perfornmance of the conbined systemis al nost
identical to that of weighted open | oop system The conbi ned system

out p.erforg‘ﬁetcﬂé‘mfél 9&&%&1&8&@@&& T@E Ald eSfhaich dla{?icf:*!ﬁ) Pﬁ&? Of gain
and interference uncertarnties) the transmtted power level 0 e open

| oop systemis either too high or too | ow of the nom nal value. In graph
122 of Fi &?P@r@}m&‘g‘éﬂcﬁ%certai nty of -2 dB was used. Figure 6 shows the
BLER as a function of the delay. The initial reference SIRTnRChr for each
system was setTlie poer develesh died priteswedi mhmuaioaﬁoﬂbm'rempdndinﬁrmﬁheur e 5,

in order to achieve a BLER of 10-'. Figure 6 shows that, in the presence “of
[ ' hpt h ' ' th
desi red oo shaBBEY K ds BRI By HEPGRPE R BORRY IO RO T RN BT, 1

degrades. * -1G CLAIMS |. A nethod for_controlling transm ssion _power
| evel s i ntoad Rgshleatiestisaation davicendd, step 42.o0Rotutbeshae Hmatien devisg 88em
having frames with time slots for comruni cation, receiving at a first

comunNi caiidthe Yabd éUimARITANI 690 QRS cdpabl® 6f SpaiticgOBBTRRIGRE chanfat i on
and determning an error rate of the received comunications (38, 39),

(40) - < tr e MR TET 1R ARRAE B SR RS, PRI SRR T eve

inafirst tine slot and the target adjustnments fromthe first
communi c aPiosessigdhe meeivedsignaly themeanised pewetile¥elimadiustad tosogeettfoon t he
target adjustnents and the first conmunication and neasuring a power |evel

of the fithstgaimoofthese deviess as eitiizahy @dwies Zneattijemethe tdevite INgr pathRish | 0ss
estimate based on in part the neasured received first conmunication power

| evel - (43)dhink G BEL094C PAIASIRL) BES MG Teliclish LAABRIENESE ANqRger | evel

for a second conmuni cation 1'n a secon ot fromthe secon onto
the first statiqQn based on in part t path | oss estjimate ighted by a
first f ac‘PBP’,’:}"e t‘?}gg’l’ﬁér moﬁaf’?ﬂt&li‘:feﬂﬁ?- & shomgnirdigpre &Q’gnﬂu*‘éct or,
and a target |level adjusted by the target adjustnents (47), wherein the
first andospeeightédopar bopraonrollent00 oompfises the powee masasticanodetite fir st
and second '

92, pathloss estimation device 94, quality measurement device 94, target update

device 101, and transmit power calculation device 98.

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

communication's transmitted power level, Tgs. The communication's transmitted

power level, Tyq, may be sent along with the communication's data or in a signaling

channel. If the power level, Tgs, is sent along with the communication's data, the

data estimation device 90 interprets the power level and sends the interpreted power

level to the pathloss estimation device 94. If the receiving station 110 is a base

station 30y, preferably the transmitted power level, Ty, 1s sent via the broadcast

channel (BCH) from the base station 30,. By subtracting the received

-10-



time slots. 2. The nethod of claim1 further characterized by the target
|l evel is a target signal to interference ratio. -17 3. The net hod of
‘claim 2 further characterized by the adjustnents to the target signal to
interference ratio are limted to a maxi nrum and m ni rum val ue. 4. The

met hod of claim2 further characterized by each target adjustnment is in a
range of 0.25 decibels to 4 decibels. 5. The nethod of claim2 further
characterized by: a target adjustment increasing the target signal to

* i nterferegemniumications polwsrlevel, R ,Woﬁ?&e@éﬂt@&hﬁmﬁicdﬁﬁfﬁ?ﬁisﬁﬁttédlﬁo\b&r get
signal to interference ratio is SIRD~; a target block error rate is

BLERr ~0B. , . ; d SIRp+.is determ ned by, STRD~ = S| C

BLERTARCEI§eb ﬁaﬁﬁﬁ?ﬁ%‘@?)“'?’m@?{l%&‘ﬂ%ﬁ ¥4 stippaic Q}"rﬁ%@“ Jafse hnebeteosn ha e i zed
by the BLERT,~c~ is in the range of 1 %to 10% 7. The nethod of claim1l
further cheo atations 1@ 112, step 4heAdditionaliytadony tamdsstanate pf elie pathlazspel ow a
"l ower threshold, a target adjustnent is transmitted; and if the error rate

i s betweep t I | Qi afdi ; '

tranom £+ bais cageE stéif, OFRdERERIGhs RpTARTS: SHEUR R Tbok by, ¢ 1
target adjustnments increasing the target level are transmtted as soon as
an error avwuage ekbedong wrmayseagetairtbe pathdossoLy, in anmyverage affthe pathless f ur t her
characterized by: determining a quality; a, of the pathloss estimte (45)

based on éstinnass. [a certabasitvafiond, iMtedaf ranbini dia g wee tahdifided poivea Mélepecond
time slot; and wherein the first factor is a and the second factor is 1-a.

1b. The neth f ' ' ' [ | ot

doi ay 1 s o e eyl Balo} L1b.ihy SARGAF haetcfbitto iy BELMRY ost '

(D1)!'(D,~~ 1). 11. The nethod of claim9 further characterized by a

maxi mum alevehdeithat easedhe patilqss gstimation c&VﬂQﬂ?ﬁﬂfpﬂt&ﬁaefpmcaqu@hfph@a

quality, a) is determned by a = Ixla)C ~ 1-(D-1 )~(Dmeu-au~owod-1 )~ ~
pathloss, L.

Since TDD systems transmit downlink and uplink communications in the
same frequency spectrum, the conditions these communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path

" loss experienced for the downlink will also be experienced for the uplink and vice
versa. By adding the estimated path loss to a target level, a transmission power level
for a communication from the transmitting station 112 to the receiving station 110
is determined.

If a time delay exists between the estimated path loss and the transmitted
communication, the path loss experienced by the transmitted communication may
differ from the calculated loss. In TDD where communications are sent in differing
time slots 36,-36,, the time slot delay between received and transmitted
communications may degrade the peﬁo@ce of an open loop power control

system. To overcome these- drawbacks, weighted open loop power control

-11-



12. The method of claim 1l further characterized by the set transm ssion
power |evel conpensates for differences in uplink and downlink gains. 13.
The nethod of claim1 further characterized by the first station is a base
station and the second station is a user equipnent. _19 14. The met hod
of claim1l further characterized by the first station is a user equi pnent
and the second station is a base station. 15 . A spread spectrumtine

di vi si on dupl ex comuni cation system having a first (110) and second (112)

communi cageianinpfie Ay RIS ATRE n bl mdBuBirat e o

second communi cation station ( 112) and determ ning an error rate of the
recei ved communi cations, producing target adjustnents as needed based on in
part the error rate) and transmtting a first comuni cation having a
transm ssion power level in a first time slot and the target adjustnents,
the second station ( 112) receiving the target adjustnents and the first
comuni cati on and nmeasuring a power |evel of the first comrunication as
received, and determning a path | oss.estinate based on in part the
measured received first conmuni cation power |evel the system characterized
by: the second station (112) conprising: neans (110) for setting a

transm ssion power |evel for a second comunication in a second tine slat
fromthe second station to the first station based on in part conbining the
path | ess estimte weighted by a first factor, a |long term pathl oss
estimate wei ghted by a second factor and a target |evel adjusted by the
target adjustnments) wherein the first and.second factors are a function of
a tinme separation of the first and second time slots. -20 16. The system
of claim 15 further characterized by the target level is a target signal to
interference ratio. 17. The systemof claim 16 further characterized by the
adjustnments to the target signal to interference ratio are limted to a
maxi mum and m ni num val ue. 18. The system of claim 15 further characterized
by each target adjustnent is in a range of 0.25 decibels to 4 decibels. 19.
The system of claim 15 further characterized by: if the error rate exceeds
an upper or is below a |ower threshold, a target adjustnent is transmtted;
and if the error rate is between the upper and | ower threshold, no target
adjustnment is transmtted. 20. The systemof claim 19 further characterized
by the target adjustnents increasing the target level are transmtted as
soon as an error count exceeds an upper
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t hreshold. -21 21. The systemof claim 15 further characterized by: the
second station (112) further conprises neans for determning a quality, a,
of the pathloss estimate based on in part a nunber of tine slots, D
between the first and second tine slot; and the first factor is a and the
second factor is 1-a. 22. The systemof claim 21 further characterized by a
maxi mumtinme slot delay is D',~, ~ and the determ ned qualiiy, a, is

determ ned by a =1 (D_1)/ (D~ 1). 23. The systemof claim 21 further

cher act o e Bk Bl s SRk, B e B e

0). 24. The systemof claim 15 further charact erized by the set
transnmi ss?‘(ﬁfaﬁoﬂ)fe’ihell@%‘l)sscbm‘pensat es for differences in the uplink and
downl i nk gains. 25. The systemof claim15 further characterized by the

first station TotaRindepedfopmascestuathenin () laupdveightedependosp,al tapret(112) is
a user equi pnent (32) 26. The systemof claim 15 further characterized by

the first [ 1 r d ation

(e T T SU 1S Ala8efed! Rbrhiofor 98 coh VPR Nord b RO BrolEed B At
. A9. AH. Af ?. A5. AS. A" Se. AsSR. ASe. A@. A. A'y. Asy. Al SR ASe. AfR Af R Af?. A, . A. AHy?
. Af 2. AS. Aestimatigprde@icedNide bits and extracts the targét adjustment information, such as

@vvr rrhc"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca

] ca] ca] cajsH G %} alipetdaraheajgethaldaed devidl 101 adjusts the target level using the

R XZTHo} xsni d E‘fca cal] ca] ca] ca] ca] ca] ca] ca] ca]'ca] cal ca] ca] ca] ca]ca]ca]calc

aJcalcalc c N x$s$, wr.ihc2 Y] cal ca

cal cal co) ef B EALC TSR B U Eapien ot FURMATR Vol
] ca] ca] ca] ca] ca] cal ok\ T |

VI 11 O " paswen lsedlsusbampsivings@tiqreblba] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal % &0&&&0" ' " &({ (( ()

)Y) ) +***#+2++, Rhe trafsmit Power@Aduianonddetidecsd eﬁhblﬁbsm]e&a]&ed&taigwlml ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca]ca]cal//;

calcal o PTG P P by Lo O Ry B OB EC) S0y 0

I 9h
ca! 9h999: \ thenransamissiampawsy levehof the yppsmitting siatigPe a] ca ca]

- 3<<<, —-estiny ;%’) 2835w 2nre
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #ByBB"
Cp CCDVDDIXtep BESFWHFFGAE GGHKHHI f 111 J7JJK] KKK} xsni d_Z] ] ca] ca] ca] ca] ca]ca]ca]ca
] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca

'K

Data to be transrmtted in a commumcauon from the transmitting station 112
LXLLL= MVIVIVIVB NUNNNFOOOP] P RRRHSSST&Tr T} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cal.ca calcalca cal ca al ca ajca] ca

cal r P &@%@M&W&%M bt e R aared L) ca cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca)] cal] ca] c
a] ca] ca! \By ¢irf] JetZerhongorrectionencodgral l). aZhe btroterensied dateayist spragdcatid a] caV] ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]
ca] ca] ca) @b GalgERES Withfd &agﬁ ek byidhd driihinig)seqiidiice iddefidmdessad d_2] c] ca

] ca] ca] ca] ca] ca] ca] cal ca] ca] ca aJca] caJca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca

cajcalc al.cal hnmp tt}xsnid
e o] LOh R SRR ey %%e@?%ciﬁs%??@e e ey RERET BB L0 G
a] ca] ca] ca] ca] ca] ca] ca] ca] ca! t " unuuuSbvuvvvEWOMMW X Xhxxx3yyylzz{' | LI||17}}}~
~~}xsni d a/pazmmpmpoa]b@aqtc alleadredd siigoal isagropljficd) by pe alpmiq w104 4 ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~[ ~~~f 36Al ~>r W\ D} xsni } xsni d_Y] U] ca] ca]

ca] ca] cahﬁ@&iﬂﬁﬂe@aﬂ,ﬁﬂwﬂ%} 998 qa]ﬁai&ﬁkqa&@] C’Bﬂ@ghﬁ%ﬁﬂlec%ﬁﬂﬁéﬁlsca] ca] ca]
calcalca]ca]calca]™cD 10% & ()- 10%

1109/ & ( % s! 10% & % ) 0% & () 1094
ig%i 8 3[’3‘-"?%@?‘%’])%';]%’3?5’%“ Ci&}ga%"ﬁ‘ dev H%d@%lﬁé&%’ 8(31@ d §é{6’%} (
transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.
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10% & ()- SMIYNC 10/ 10/ 10/ & 10% & ()-sl7 104 & ()- s5 10% & ()- 2
10% & ()- "0 10% & ()- Qq X dEYNC  10%& ()- 3fy 10%& ()- 10%& () -
310%& ()-31 10%& ()- F 10%& ()- X @dEYNC 9! 10%& ()- 10%& ()- vy
10%8& ()- y 10%& ()- L#109%& ()- 10%& ()-/n W dEYNC .z 10%& ()- ,z
10%& ()-9*z 10%& ()-'z 10%& ()- %0%& ()- #10%& ()- RIYNC 10b 10b
10bf ; 310%&' ()-810%& ()- 5g 10%& ()- 3g 10%& ()- 1 10%& ()- XdEYNC
,-109G7°& ()- 109G7& ()-s 109%& () - 1099& ()- 10947&' () -

The following is one outer loop/weighted open loop power control algorithm.
The transmitting stations's transmission power level in decibels, Py, is determined
using Equation 2.

Pis = SIRpspger + Iis + @(L-Ly) + Ly + CONSTANT VALUE Equation 2

The SIR,rqer has an adjusted value based on the received target adjustment
signals. For the downlink, the initial value of SIRy,xggr i known at the transmitting
station 112. For uplink power control, SIRrqer is signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted SIRq,pqer may also be signaled. The adjusted SIRy,gggr 1S
limited to the maximum and minimum values. I,qis the measure of the interference
power level at the receiving station 110.

L is the path loss estimate in decibels, Trg - Ry, for the most recent time slot
36,-36,, that the path loss was estimated. L,, the long term average of the path loss
in decibels, is the running average of the pathloss estimate, L. The CONSTANT
VALUE is a correction term. The CONSTANT VALUE corrects for differences in
the uplink and downlink channels, such as to compensate for differences in uplink
and downlink gain. Additionally, the CONSTANT VALUE may provide correction
if the transmit power reference level of the receiving station is transmitted, instead
of the actual transmit power, Tgs. If the receiving station 110 is a base station, the
CONSTANT VALUE is preferably sent via a Layer 3 message.

The weighting value, ¢, 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,
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f1090& ()- ZTJEYNC ! 1090& ()- | 109F& ()-, 1090& ()- 109F& ()- 109%4& ()-

| 10967& () - HOdEYNC / 10967& ()-, 10967& ()-3*10947& ()- F( 1094& ()- &

10907&' ()- # 10967& ()- omopgxmbCF 10% u& ()-3 10T 10T 10T3; 10%& ()-6
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10% u& () -transmided bktheranspittingsigdon L1 g Yhe valueof ¢ is between zero and one.

Generally, if the time difference between the time slots is small, the recent path loss
estimate will be fairly accurate and « is set at a value close to one. By contrast, if the
time difference is large, the path loss estimate may not be accurate and the long term
average path loss measurement is most likely a better estimate for the path loss.
Accordingly, « is set at a value closer to one.

Equations 3 and 4 are equations for determining o.

a=1-D-1/D,,-1) Equation 3
¢ = max {1-(D-1)/(D ., - atiowea ~1)» 0} Equation 4

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
be referred to as the time slot delay. If the delay is one time slot, « is one. D, is
the maximum possible delay. A typical value for a frame having fifteen time slots
is seven. If the delayis D,,, & is zero D, siowed 1S the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D,y sowee» Open loop
power control is effectivély turned off by setting « = 0. Using the transmit power
level, Py, determined by a transmit power calculation device 98 the transmit power
of the transmitted communication is set.
Figures 5 and 6 compare the performance of the weighted outer loop/open

loop, open loop and closed loop systems. The simulations in Figures 5 and 6 were
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algorithm. In this version, the target SIR is updated cvcry block. A SIRrugger 1S

increased if a block error was detected and decreased if no block error was detected.
The outer loop/weighted open loop system used Equation 2. Equation 3 was used
to calculate oc. The simulations compared the performance of the systems controlling
aUE's 32, transmission power level. For the simulations, 16 CRC bits were padded
every block. In the simulation, each block was 4 frames. A block error was declared
when at least two raw bit errors occur over a block. The uplink communication
channel is assignec} one time slot per frame. The target for the block error rate is
10%. The SIRyppcer is updated every 4 frames. The simulations address the
performance of these systems for a UE 32, traveling at 30 kilometers per hour. The
simulated base station used two antenna diversity for reception with each antenna
having a three finger RAKE receiver. The simulation approximated a realistic
channel and SIR estimation based on a midamble sequence of burst type 1 field in
the presence of additive white Gaussian noise (AWGN). The simulation used an
International Telecommunication Union (ITU) Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertainty. Channel
coding schemes were not considered. L, was set at 0 db.

Graph 120 of Figure 5 shows the performance as expected in terms of the
required E¢/N,, for a BLER of 10" as a function of time delay between the uplink
time slot and the most recent downlink time slot. The delay is expressed by the

number of time slots. Eg is the energy of the complex symbol. Figure §
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In the presence of gain and interference uncertainties, the transmitted power
level of the open loop system is either too high or too 10“; of the nominal value, In
graph 122 of Figure 6, a gain uncertainty of -2 dB was used. Figure 6 shows the
BLER as a function of the delay. The initial reference SIRapger fOr each system was
set to its corresponding nominal value obtained from Figure 5, in order to achieve
a BLER of 10, Figure 6 shows that, in the presence of gain uncertainty, both the
combined and closed loop systems achieve the desired BLER. The performance of

the weighted open loop system severely degrades.

* * *
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spectrum time division duplex communication system having frames with time slots
for communication, receiving ata firstcommunication station communications from
a second communication station and determining an error rate of the received
communications (38, 39), producing target adjustments as needed based on in part
the error rate (40), transmitting a first communication having a transmission power
level in a first time slot and the target adjustments from the first communication
station, receiving at the second communication station the target adjustments and the
first communication and measuring a power level of the first communication as
received (42, 46), determining a path loss estimate based on in part the measured
received first communication power level (43), the method characterized by:
settiﬁg 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 the path loss
estimate weighted by a first factor, a long term pathloss estimate weighted by a

second factor, and a target level adjusted by the target adjustments (47), 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 the target level is a

target signal to interference ratio.
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target signal to interference ratio are limited to a maximum and minimum value.

4, The method of claim 2 further characterized by each target adjustment

is in a range of 0.25 decibels to 4 decibels.

5. The method of claim 2 further characterized by:

a target adjustment incrcasiilg the target signal to interference ratio is SIR p;
a target adjustment decreasing the target signal to interference ratio is SIR pgr;
a target block error rate is BLER p,pqer: and

SIR g is determined by

SIRpge = SIRpc X BLERp4pger/(1-BLER 1orgET)-

6. The method of claim 5 further characterized by the BLER,pger is in

the range of 1% to 10%.

7. The method of claim 1 further characterized by:

if the error rate exceeds an upp;er or is below a lower threshold, a target
adjustment is transmitted; and

if the error rate is between the upper and lower threshold, no target adjustment

is transmitted.

-18-



19, 109%& ()-9 109%& ()-L 109B& ()- LY 109%& ()-L 109%& ()- 109B& ()-

W WA XOXXAEDC 18*z 109%6&' ()-&(z 1096& ()-& & 1096& ()- &4 1096& () -

1 1096& . () - 9109%& () - XYCYYYBZZJELC 18f 10%%& ()- 96109%& ()- 3 109%& ()- 1ly
1096& ()- &@z 109%& ()-& z 1096& ()-2ZZZZZJ [[bC 13s 10%%& ()-F

10908 ()-F 10%& ()-Ff 10%& ()- 105 105 105; 109%& ()-[M\\]] (] dEbC
1#10%0% () - &10%0% () - 109& ()- F10%0% ()-3y 10%0% ()- 3 109%% () -
(1Y]17Z"_dEbC 1) 109%0& ()-L' 10%0% ()-% 109%0% ()- " 10%0& ()-

10908 () - T0%0&( ) - 03 - AR 008" () - %08
0 ) ok Loty R Bt
e U - e U - u -
incré/asing the target lcvclyarc (ransmitted as soon as an eror count exceeds an upper

1
o

threshold.

9. The method of claim 1 further characterized by:
determining a quality; o, of the pathloss estimate (45) based on in part a
. number of time slots, D, between the first and second time slot; and

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

10.  The method of claim 9 further characterized by a maximum time slot
delay'is D, and the determined quality, ¢, is determined by

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

11.  The method of claim 9 further characterized by a maximum allowed
time slot delay is D, yowea and the determined quality, «, is determined by

o =max {1-D-1YD puanowe-1)s 01

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

power level compensates for differences in uplink and downlink gains.

13.  The method of claim 1 further characterized by the first statjon is a

base station and the second station is a user equipment.
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15.  Aspread spectrum time division duplex communication system having
a first (110) and second (112) communication station, the system using frames with
time slots for communication, the first station (110) receiving communications from
the second communication station (112) and determining an error rate of the received
communications, producing target adjustments as needed based on in part the error
rate, and transmitting a first communication having a transmission power levelin a
first time slot and the target adjustments, the second station (112) receiving the target
adjustments and the first communication an& measuring a power levei of the first
communication as received, and determining a path loss estimate based on in part the
measured received first communication power level the system characterized by:
the second station (112) comprising: |
means (110) for 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, a lbng term
pathloss estimate weighted by a second factor and a target level adjusted by the target
adjustments, wherein the first and second factors are a function of a time separation

of the first and second time slots.
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17.  The system of claim 16 further characterized by the adjustments to the

target signal to interference ratio are limited to a maximum and minimum value.

18.  Thesystemof claim 15 further characterized by each target adjustment

is in a range of 0.25 decibels to 4 decibels.

19.  The system of claim 15 further characterized by:

if the error rate exceeds an upper or is below a lower threshold, a target

adjustment is transmitted; and

if the error rate is between the upper and lower threshold, no target adjustment

is transmitted.

20.  The system of claim 19 further characterized by the target adjustments
increasing the target level are transmitted as soon as an error count exceeds an upper

threshold.
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first and second time slot; and

the first factor is « and the second factor is 1-&.

22.  The system of claim 21 further characterized by a maximum time slot
delay is Dy, and the determined quality, «, is determined by

a=1-D-1)/Dpee-1).

23.  The system of claim 21 further characterized by a maximum allowed
tiroe slot delay is D, ,iowes a0d the determined quality, «, is determined by

o = max {1-D-1)/(Dpux-atiowea-1): 0}.

24.  The system of claim 15 further characterized by the set transmission

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

25.  The system of claim 15 further characterized by the first station (110)

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

26.  The systemof claim 15 further characterized by the first station (110)

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