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DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s invention generally
relates to spread spectrumtine division duplex (TDD) comuni cation
systenk. Mre particularly, the.present invention relates to a system and
nmet hod for controlling transm ssion power within TDD c nication syste
Figure 1 depicts a wirel ess spread spectrumtine divi sj@mmm 'mmm M

comuni cation system The systemhas a plurality of ba 01- 30~.
Each base station 301 conmunicates with user equi pnent (UEs)k9I321.32a in its

S are rer SUTEE LOSPARRRATRE Ak L on ORI RN TROE S 1 *
transnitted frorTIMEFDIﬁIﬁIm DUBEEXSCOVMUN CAFIONS ¥STEMt 0 as upl i nk
comuni cations. In addition to comuni cating over differ entw{1 ‘a‘mﬁ\yover

spectrunms, spread spectrum TDD systens carry nultiple c

the sanme spectrum The nmultiple gfﬂ st i ngui she
respective chip code sequences ?%:o ? Al'so, to nore effi cH@WPqi’-y use the

spread spectr stens illustrated jn ure 2 use.repeating
franes 34 di vrﬂb’& H“HP%‘}/ op genasally selates g SQF%‘@SSP\?S?%@B“IDC Hbql‘]mhgug‘te%t een

time slots. In such systens) a communication is sent in selected tine slots
361- 36" u€iR) sempmtrchtiondystemic dMomipagiigulardy, éhd present3dvértionapkaibdseo of
carrying multiple comuni cations distinguished by both tinme slot and code.
The conbi Agfst@Rand meiod fortondboRirp@etRsissforPdiedr@vitHiAT DA 8dmhni@tieh" €d to
as a resource unit. Based on the bandw dth required to support a

comuni ca%i gen one or multiple resource units are assigned to that

communi cat Aos. Most TDD systems adaptively control transm ssion power

| evel s. In a TDD system many communi cations may share the same tine sl ot
and spectrum Kigured depigsia wirelsas sprordispoeingo Hime divdisionduplexa(BRBR f i ¢
comuni cation, all the other comuni cations using the sane tinme slot and

spect r um gans@nicatien ktemc THekyblag sRacplutdlity ofbadY fatio30,L30; Eashng t he
transm ssion power | evel of one communi cation degrades the signal quality

of all ot ] i ver,
reduci ng l%%n Fdr ansmt ss Hgﬁ n%%%{d\%sf_a @\%F@%‘hbﬁgn&ﬁ Ws?gﬁﬁf&ég |rra§g¥\'(e9 si gnal
to noise raU&P (SNRs) . and bit error rates (B,EF%%P at the receivers,

mai nt ai n BE+hCOREEieHiONS GaasmiteddroRaRATASEHON ols (uh WH 34y are aerfgms. on
power |evels, transm ssion power control is used. One approach using

t ransm ssbas dooutinkoonimwdications anddenthwiisatimsmansmitke from a UR 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 neasured.
The received signal power is conpared to a desired received signal power.
Based on the conparison, a control bit is sent to the transmtter either

i ncreasing or decreasing transm ssion power by a fixed amobunt. Since the
receiver sends a control signal to the transmtter to control the '
transmi t t esf ssipghesode éw alsingde imepdotds referred ol ast erdsoupeamiarPasedonaht y
referred to as closed loop. -2 Under certain conditions, the performance
of cl osed i t

bet veon a R izt f e EBUER o CoRimb ARt Bno b rE MR ERAIIRE" | cn
as due to the (E i ng) suc¢ch systenms nmay not be abI e to adapt fast enough
to conpensti&ne Fon&ﬁéc@ﬁ%’@&“‘)#he update rate of closed | oop power control
in TDDis typically 100 cycles per second which is not sufficient for fast
fadi ng channel MosMITID #5812 allaptii ety osietsol aranerintseibnf powadet¢lol In HFTDD
transm ssi on povver | evel of a nobile terminal in a satellite conmunication

system T | oop
ol oront . A5 e Blar IRk fln ER AR i Bk ARSI 08 HRAA, U6,
nobile term s power, setting based on the strength of the signals
recei ved fafgﬁq%é)rrhﬂﬁﬁ [sEatiogr i receiviag faspecicqaramuiigaEen; #H Sre@BBunt t he
propagati on del ays of the satellite systemin the power setting

det er m natdoammuitioatidriisensigye thd sumpe ghensdod gnd fpecetrmecyist intkrfelence 6 ehe/ed
signal fromthe base station in each frame is conmpared to the strength of

the si gnalspt el ¥ahilialBnd! SHicOURiY AHE- wifiildansAvePuRl BF Slie mobile

term nal ] ust Inversely w e varrations i served si gnal

strength. US Patent No. . 5,542,111 dj.scl net hod. f qr i ng
Cr anom 55 iCOTBIEH T ARER oS dhe SRRl B A G g anisagoR e Al et
short-termtransm ssi on power control. Long-term power control occurs in a
base st at itone gint amd spanwavm. dHasvevieorneidneing the trapsimissionrpsiwdrdeyel too daci si on
authority statenent is communi cated fromthe base station to the nobile

station. Teals ttoﬁﬁdésﬁﬁmetdigmmﬁél»s@fhtmwsNstxﬁi bit 8rideRENIBER)a8the ON the
| ower | oop using an identifier of the ong term power and the decision

aut hori ty. d| I othS I

mai ntai n a%ﬁg qugg Mg E8</v f}? Ellﬁpéﬁer%veﬁgﬁ&%mﬁé&mt er

| aop/ wei ght ed open | oop power cont roI cont rols transm ssion power |evels in
a spread §’|E§‘€8P’fsWtﬂ%rdﬁﬁl%l%ﬂsmﬁﬁ!@)@%mﬁ%]aﬁltﬁﬁ system At a fast

conmmuni cation station, errors are nmeasured in a received conmuni cation from
a 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.



second comuni cation station. Based on in part the neasured errors, an
adjustnent in a target level is determned. The first station transmts a
comuni cation and the target adjustnent to the second station. The second
station neasures the first station's conmunication's received power |evel.
Based on.in part the received power level, a path loss is deternmned. The
target level is adjusted in response to receiving the target adjustment.
The quality of the path lass is determned with respect to a subsequent
communi cation g i cbaRYBhilRs e Pt WIGHeB 166 syslbifs ARG
station's transntsS|on power | eve t he subsequent mruni cation’is

adj usted based on in part the determ ned path | oss, the determned quality
and t he adferinganeeaif gemmunjestions sent bepyygena U andkpbaseiaiisn auein pReahines

Figure 1 illustrates a prior art TDD system Figure 2 illustrates tine
slots in répRait etvifdmnes, ithas EﬁERo%h@Moﬁr%vé@lﬁsylsﬁen@ thhpnoChedtle of
outer | oop/wei ghted open ] oop power control igure 4 is a diagram of

conponent s, of, t catl on st i ng d open
o0p_ponertodmriiareRe] OCewe&seeS 1 A e TR PR St OGP

| oop/ wei ght ed open | oop, weighted open | oop and closed | oop power control
systens. FIQRATEOBD dp typidallyHO0toyelss pexsecond wideh trnatsuflicientfor s of
Bl ock Error .Rate (BLER). .DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI I\/El\l'li‘ésflfa@n@rcgaﬁglgd embodi nents will be described with reference to
the draw ng figures where |ike nunerals represent |ike eI errents t hr oughout .

low chart of G 9300 A" TRaBRATE BB Ror Hplisubi £ e BufSio BbRPE ol on

stations 110,112 as shown in Figure 4. For the follow n d| scussmn t he
conmuni catlpw of aanobile taeninabin a etqlhmwwepa%orp systemc dheawes €ongol ef er r ed
to as the transmtting station 112 and the comruni cation station receiving

power contrhethbé dhas dothiaicteseddosp iard raaf @pencldop elanchthe Foedes elosgddéas i on
110. Since outer | oop/weighted open | oop power control nay be used for

uplink, d 0eS . or
i Ps power %\(I:%Irﬁ r gﬁhﬁbgéé%ihc&% ass@%slgltgeg e‘%ﬁﬁfa%ﬁﬁ%p ase sstegﬁé?r? %%?ﬁ 32% or
[Jied) P ﬁtegh'eégc of ﬂle s?grt’als refceleeci H‘onﬁhe&%bﬁg ge V\gjl ’I‘ple bgsc\’\%uo%otn ésollntoar €

account the propagation delays of the satellite system in the power setting

determination. For the 6pen-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 upperlevel 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



receiving and transmtting station's conponents are associated with both
the base station 301 and UE 321. The receiving station 110 receives vari ous
radi o frequency signals including communications 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 estimation device 70 and a data estinmation device 72, in the tine
sl ot s and onithélowee leprusiranddentifiersftheloa tsrmpotwer hiidthe dacision authegitgt ati on' s
communi cation. The channel estimation device 70 commonly uses the training

sequence conpone i.n & he base S§ i cha 4 nf.or mat i on,
.such as chann C%ﬁfﬁjﬁﬁge%}%gz%ﬁ?g%d @ﬁeﬁﬁéﬂ?ﬁ%gﬁﬁﬁéﬁ?@%@t%ﬁ!% ygew by the
data estimation device 72, the interference nmeasurenent device 74, and the
transnmit oakty and low ansonssievpewerdgvelyhe data esti mation device 72
recovers data fromthe channel by estimating soft synbols using the channel
~information. Prior to transm ssion of the comrunication fromthe
transmtting station 112, the data signal of the communication is error
encoded using an error detection/gQ [ encoder 110. The error encoding
schene is typically a circular re Wode (CRC} followed by a forward
error correction encodi ng, although other types of error encodi ng schenes
may be used. USuter lohp/veighted ppemwlaopraykrsettrol cantrolsl transmissiongiovear devi ce
72, an error detection device 112 detects errors in the soft synbols. A

processor jekkfs iaRApréRPspebRumlime 8RAS61 @aplex coOmnAEcARWYySRE SAPAfifdr OF rate

for the received conmunication, step 39." Based on the efror rate) the
processor 111 determ nes the ampunt) if any. target level. such as a
Parget o GRRmpitoRation, HEof BE tieshioe ol B Helmmiieunt ol o
the transmtting station 112, step 40. Based on the determ ned anount, a
target adfesongeammaynieation statipan Haseden inpartibe meagured supiss emediustgesnsr at or
114. The target adjustnent is subsequently sent to the transmtting
station, Rktetrdé.levidlés daemtheddThsfing stations tangnitd e domeninieationaamglthé t i ng
station 112, such as using a dedicated or a reference channel. One

t echni que gt Qet ARE BSHHNE ¢ WAt RITHet JERHRd ishtibR EmbA¥uga! uses an
upper and %%emd@ti@ggﬁo(??%l@%t Ees%!le% erm ned errgr rate exceegiscegﬁsltupper
threshol d,, the target.|l evel is.,set at an unacceptabl ow | evel and needs
to be | ncielLECoRMRYIHOn T wedivedpeiet (it Basgion Rnatubgteorivatoabeny an
increase in the target level. If the determned error rate is below a
second t hle¥ehapath lopsisidgtegminede Jde targetdeyel i3 adinsted Heespenseito jechivikg | evel
and the target |evel can be decreased. By r-educing the target level, the
transm t t thegarpetadjastmienpoThe dualig ofithe getrlossBdetcettinsdwith respetetocance

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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to other communications using the sane tinme slot and spectrum To inprove
performance, as soon as the error rate exceeds the upper limt, a target
adjustnment is sent. As a result, high error rates are inproved quickly and
| ower ‘error rates are adjusted slowy, such as once per 10 seconds. If the
error rate is between the thresholds, a target adjustnent is not sent

mai ntai ning the sane target |evel. Applying the above technique to a system
usi ng CRC and FEC encoding follows. Each CRC bl ock is checked for an error.
Each tine a frame is ' MEETIRA counter is

i ncrenented. As soon gg?@gggﬂglg(ﬂég)egs an uppgyﬁtI rsgshol d) such as 1.5
to 2 tines thel_tcjesir d block error rate (BLER), a target adjustnent is sent
i ncreasing the lgvg‘*efﬂﬂ@&r@rqs W%@h@@ﬁ%t@i‘R ~ARGCr at the transmitting
station. 112, the increase in the SIRTa~cE.,. is sent (SIR NC), which is
typically in aFigoge2 dfustrai tihie §10ts4n d&beakihgifiendslofeT DS syl .f r ames
encountered exceeds a predetermned limt, such as 1000 bl ocks, the val ue

The desi red oLaREef ¢S PEL ARy dhaft ofie JhORARRE oBHF BB R L ebBiBt e 1 owmer

threshold, a target adjustnent signal is sent decreasing the target |evel,
SI RpEC. A typi ddgurehifea diageinmpEcomponents of Hwa capmurieatinnl aiasrs USIIEDEC nay

be based on SIR',,c and a target block error rate, BLERr,,RC~.,.. The
BLERT, , RCauter 1b6p edB émﬁog)ﬁwve@ﬁoﬁ&bl_!l ce. Atypical range for the
BLERT, ~0~.1. is 0.1 %to 10% Equation | illustrates one such approach for

1°17 the count MEUts. e e B delloRBae.of oye loobraeighled by Y T 1

a target adjustnent signal is not sent. Alternately, a single threshold may
be used. Iweighied opewloapaans daseddaep prwer periEdlsyéiemshe target level is
increased. |If the error rate is below the threshold, the target is

decreased. AddiFigwredd is w)grapieof the gate bypivahs petforpiameain ehonaf Bloek Hisore
several adjustnent |levels, such as fromO dB to t4 dBin 0.25 dB increnents

based on the. ﬁg%ﬁence between the determned error rate and the desired
error rate. e’interference neasurenent device 74 of the receiving
station 110 determines the interference level in dB, IRS, within the
channel , based on either the channel information, or the soft synbols
generated by the data estinmation device 72, or both. Using the soft synbols
and channel DEFAIRED BESGREPEION OF THBRREFERREB EMBQBIMIENTS control s
the receiving station's transm ssion power |evel by
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

shown in 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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controlling the gain of an anplifier 54. For use in estimating the pathloss
between the receiving and transmtting stations 110,112 and sendi ng dat a,
the receiving station 110 sends a communication _ to the transmtting
station 112, step 41. The communi cati on may be sent on any one of the
various channels. Typically, in a TDA system the channels used for
estirmating pathloss are referred to as reference channels, although other
channel s may be used. If the receiving station 110 is a base station 301,

t he commugj.gat i ' f:en t : b K SHRFBTO4 n or a
conmon coﬁ?ﬁgl AE) %i@igg{féﬁé’%ﬁ{e#@%ﬁ&%’%@?gﬁwd@ %ormunl gg{bgg’ ?{c?the

transmtting station 112 gver the reference channel is referred to as
r ef er encel¢HHHRG ANY FPASIIHBE SEHIONS FONPRCALS ALY asseciater Withsbath 4l basene

interference level, 1,~s, multiplexed with other reference data, such as
t he transgiation 30, mdWIE 32vel ) TRS. The interference level) IRS, and
ref erence channel power level, IRS, nay be sent in other channels, such as

a signaling ch Lorhe refe e ¢ch d } r . . reference
channel data oblerEbitEyaiRIFE iR aR R u AR SRR B BR AR BT T e
resource units based on the comunication’'s bandw dth requirenents. A

spr eadi ngcemEnunications frewq then cansmising | satiere\lilde usmgs pheariennch d8; edter ence
channel data and makes the spread g_ reference data tinme-nultiplexed

W th a trglidthi@ly; af deRafa aftay, ke ? BT TRE rédefelli sifhadd %?a@ﬂﬂ tBOfRAEhQh t he
assigned resource units. The resulting sequence is referred to as a

conmuni cat i pn st . ., The, GO icati.on burst s sub uent | v amplified by
i anpl | 1saAte e RRERR L P 2Rk s sty 2" sum
device 62 with any other comuni cation burst created through devices) such
as a dat alsgepeesseds sudas by dwahelestimation device d0 sad adatreestimasionidemicdevi ce 52
and anplifier® 54. The sunmed conmuni cation bursts are nodul ated by a

nmodul at or754n thBqim® dlotahed vatto iRl appPoias @8dédaNs @Ntht $Qin8in@ing6 and
radi ated by an antenna 78 as shown or, alternately) through an anténna

array. The_radia si.gnal i assed, t hrough i s_radio channel 80 to
an anten nsia%c%x of Bﬁg%“‘t“?“é‘ﬁé‘m f‘PﬁP ﬁ@a‘g’tcéf ?%ngcfﬁ .%e‘\#ﬁé ei[();%%mg%%hb chﬁszaﬂqf on used
for the transmtted communi cation can be any of those known to those
skill ed iWainig sgAuencegempeuertiip thabapehand sighial fo neavids ghpmpsigfospatipiadr at ur e
phase shift keying (QPSK). The antenna 82 or, alternately, antenna array of
t he tr anssuchtasrahasheltinpulseli2spanes. vEhe \changdl Snfoantiatioh lie gseinby tisd datal s
including the target adjustnents. The received signals are passed through
an i SOl atfindifiohOdi 7R IRl e OmPEAAUAEN AU RASE DAN St HRN Banoril®
baseband signal is processed, such as by a channel estinmation device 88 and
a data estimation.device. 90, i the time slots.and.wth th ropriate
codes as B i cEhs e puBater ofiE fatisoypg Bt BBRORE 1507 The
channel

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

-5-



estimation device 88 conmmonly uses the training sequence conponent in the
baseband signal to provide channel information) such as channel i npulse
responses. _g_ The channel information is used by the data estination
device 90 and a power neasurenent device 92. The power |evel of the
processed conmuni cation corresponding to the reference channel, RTS, is
nmeasured by the power neasurenent device 92 and sent to a pathloss .
estimation device 94, step 42. Both the channel estimtion device 88 and

channe! -t AERPR e Al dbinites 8 SrprATPLE BR8] ool cdoh /B0 30,

anplifier is used for processing the received signals, the neasured power
| evel is Bdgedsorthe erropratezdhe processarid 1gddterminet thesamolat ifemyan taigehier t he
power neasurenment device 92 or pathloss estinmation device 94. The power

measur ene 1 J op/ wel p
controll elrbtv%ggﬁélggs ééE%%]t%ﬁ?%gw;&?%ﬁf@h@ﬂgﬁttseﬂrwrl“gct?\g/?\k)ve%ﬁtggg%g%%afoop
controller 100 conprises the ovverﬁasurement devi ce 92, pathloss
estimati oft th@ﬂaaérnmgat?apm%ﬁn@f&e nidpted i the determiped gapunipasagetevi ce
101) and transmt power cal cul ation device 98. To determ ne the path |oss,

L, the t rag&aﬂnﬁetdc Rignal il dederaldPblisotat st adfidiméemepeneratomn] LAt THB ‘target
transmtted power level, TRS. The communication's transmtted power |evel,

TRS, may be sent  al Wi e i ton' s ta [ i gnal j ng
channel . $OuSFRn & SShetibity e B HahBhhBe bt i 4B nhih HERd o <
data, the data estimation device 90 interprets the power |evel and sends

t he i nt er gdjustanpipmigndled b thedransmitsingistaiion B2, sueh avwsingaidedicated off t he
receiving station 110 is a base station 301, preferably the transmtted
power | evgtrefertiRée channebnt via the broadcast channel (BCH) fromthe base
station 301. By subtracting the received -10 communi cation's power |evel,

R~ fromthe ' '| 072N i Bﬂ}’a\ﬁr' I e

pat hl oss esti n%??%ﬁ%g%ﬁ% es ei%hn%{ug@ﬁﬂ&eftaggfsh 0ss ,tﬁ{@}%eetgé\}&éﬁ&{}he t wo
stations 11Q 112) step 43.Qgit'onall , a long termestimate of the

pat hl oss, 81 §Ppétsaid dawer thres g44i.f Bsed R@ﬁ‘ﬁP‘g e(gforatapq)ﬁﬁcqeg? A HPPHos s
estimate is a long termaverage) The long term average of the pathloss) Lo,
i s an avetheggbollf, thédangat kvet 3s eett atnan emacdeptabdy dawnlevel and inerds to st ead of
transmtting the transmtted power level, T~) the receiving station 1 i0

ot b ekt et b msare ottt bl fboigasse. (1

level. 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

-6-



pat hl oss, L. Since TDD systens transmt downlink and uplink conmunications
in the sane frequency spectrum the conditions these conmunications
experience are simlar. This phenonenon is referred to as reciprocity. Due
to . reciprocity) the path | oss experienced for the downlink will also be
experienced for the uplink and vice versa. By adding the estimted path
loss to a target level, a transm ssion power |evel for a comrunication from
the transmitting station 11Z to the receiving station 110 is determ ned. |f
a tinme del ' t I 1t r Lt ted
conmmuni cattlagl%,%? ﬁ%ﬁggt% ﬁ%ﬁ%&i%ﬁ%@%@@éﬁﬁﬁbﬁg r‘:%a()r}g1 ?n&te?(ggp&gc?ﬁn@ |If:ati on
may differ fromthe calculated |oss. In TDD where comrunications are sent
in differithipshplde suclhs 13510 Fstimes e desieedsblock fararyrage (REER)r 2 d8ig6kd and
transmtted comuni cati ons nmay degrade the performance of an open | oop

power contadpustsigst Bnsentoinereasiag e ithgpee 1elehWOBS krljustethe SIBG, Qpeat eop power
control -11 determ nes the quality of the estimated path |l oss using a

qual ity t j -h 1 45, apd i s it hea.. i mat ed
pach | oss CRERERR sdlfor £8 theifbreadtin Ak MIRG pomd I Sl G Rt S T
enhance performance further in outer | oop/weighted ogen | oop, a target

level is dupigaliein a pangeof S4B 1@4 dBo A the numbr of SSRCSyamen encpupgieded by

the data estimation device 90 to bits and extracts the target adjustnent

i nf or mat i @xceclsch prsleterinCIARNGE, sach ds108Mblooks] dregedlue jpflahe coambcs 101
adjusts the target |level using the target adjustnents) step 46. The target

Level may e BLREY: Mlesfoliaf0Rax@55) USKHABNRL: hRNEH LR NGy 80T VI N

station 1 ansmt power’ cal cul ati on device 98 conbl nes e adj usted
target level with the ighted path |oss estimgte, L, and |long term average
of the patiPgsE obspnnist hlogkerrers iy Belov thedowet thrpshinldh & Grest HiaEmettevel of
the transmtting station, step 47. Data to be transmtted in a

conmmuni catsigmal fsrsent ddveedsimgnewitarpetigvalf SIR R AlfZpical pangdof STR by id@Ra
generator 102. The data is error detection/correction encoded by error

det ecti onig lQrdB?.CThé’OalﬁE ©P BIR - Hiay bE5ased bR rSIR{r,Lg QA8 4 t8@kBblotk SRLEAH:, and

time-multiplexed with a trai ?ﬁcng sequence by e tral Nl ng sequence
assi gned. FHeARTeedEd H Bamermi R T ¢ o Y <0 UARR SppeBR si gnal
's amplif itféj B%%Ra}rzmamrr% i()]jliqeorto 11%(‘5%7.alrl].*“,?;uation 1 illustrates one such approach for
determining SIR g
SIRpge = SIR e X BLER 4pger/(1 - BLER 1ARGET) 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
targetis 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.



nodul at ed 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 conmuni cation
burst is passed through the isolator 84 and radi ated by the antenna 82. -12
The followi ng is one outer |oop/weighted open | oop power control algorithm
The:-transmtting stations's transm ssion power |evel in decibels, PTS, is
determ ned using Equation 2. PTS - S~TARGET + IRS + a(L-Lo) + Lo + CONSTANT
VALUE Equati on st e.pa fheq§gcei ved
target adj ust mfh?ggﬁtgeﬁgﬁs;@%}a?ﬁgmg@mgﬁﬁﬁ,ﬁtjr?\gat:hgi ﬁggll%%%l%g‘lg%gf 116
SIR,.,~cfi.,. is known at the transn‘iijt@i ng, station 112. For uplink power
control, SH¢kEmines the igtesfegenaedevel in APy her g@’é‘i ¢ Rlannchihased an pithes theye
transmtting station 112. Additionally, a maxi mum and m ni rum val ue for an
adj ust ed SthHdhpetiformation, od the séfesyrhbolapetkbrattt &y ot disd exlinGitishAldCice 72,1 s
limted to the maxi mum and m ni num values. IRS is the neasure of the :

ot imate 9 B0 by o Boploplrad oA HAadr vt dhiCalRhy. ' 012,

the path loss was estimated. Lo, the |ong term average of the f;ath l oss in
deci bel s, ¢aculpion device d6poatralsethe reeaiung stafiops Jranspissinepower erel BONSTANT
VALUE is a correction term The CONSTANT VALUE corrects for differences in

t he upl i nkecnndlliigxviel giin 6Dam BfpEfies84h as to conpensate for differences in
uplink and downlink gain. Additionally, the CONSTANT VALUE nmay provide

correction if t r.ansni. [ vel . LVing.station
is transm tted,ﬁbﬁnlisﬁegigfng§%%P g{{é]l%s’s&;éﬁg%l&} &85%?@‘%@%%“\/ stﬂﬁgmrgecei Vi ng
station 110 is a_base station, the CONSTANT VALUE is preferably sent via a
Layer 3 nestatigns 119k Zendspending data, the regeiving statigp 41} sendsm comamegiigationy of t he
estimated path loss and is, preferably, based on the nunber of tinme slots

36i - 36"  bebwWeetartsnsittingeatidol 12, step 41. Theebninmidztivh may e depson &8t énwat € and
the first time slot of the conmunication transmtted by the transmtting

first ¢ he o sm tting
i 11 or once oLl Bnftncf. | [TyBRRIECR EPFOIT RS CERTT teod T (o™

e A A S5k 55 ol el et S R 7
and the long term average path | oss neasurenent is nost |ikely a better
esti mat e froay bdhasquht i thosseiving stadomdl is mbas stationad(; athe sboemulication t o one.
is preferably sent over a downlink common channel or a common control physical
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, Ips, multiplexed with other reference data,
such as the transmission power level, Tys. The interference level, Ipg, 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
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Equations 3 and 4 are equations for determning a. a=1- (D- 1)/(D~1
) Equation 3 a =nmx { 1-(D1)I(D',~. ~oWw -1), 0} Equation 4 The
value, D, is the nunber of tine slots 36~-36" between the time slot of the
| ast path | oss estimate and the first tine slot of the transmtted

comuni cation which will be referred to as the time slot delay. If the
delay is one tine slot, ais one. D~ is the maxi num possi ble delay. A
typical value for a franme having fifteen tine slots is seven. If the del ay

is D~ a iréfefencedida ime=mAWiplexed witiea ﬁ‘Einin“g-&&g@édc@McfanﬁQﬁaﬁtizﬁeél@bs for
usi ng open | oop power control. If the delay exceeds DI "aX a, ~oWa, open.

| oop power_gontrol.is effectively turn Qf § etting.a = 0., Using the
ranshi i BBREPAQ e afbrectt seaeiints Wil Ehederplie R bR elarred o3 RO
device 98 the transmt power of the transmtted comunication is set.
. Fi gures 5cemmuicssigpdiusst hBhgeompumigation burst it suksegnenily amplified byghopen

| oop, open | oop and cl osed | oop systens. The sinmulations in Figures S and 6

vere -14 anpafiePs0ethé SMphAfisH ceMlwnidhitibh 8L mayBeTuedined by ReuRedice
| oop/ wei ght ed open | oop algorithm In this version, the target SIRis

updat ed eygry. bl ock., A Sl RTARCEI{. i S increas i f .a.bl.ock eryor s detected
and decregge‘}d”t}ilﬁnﬁé)dbqrocMP?‘S? l%i’uﬁéfée@%gg&“% eYiErs | B6B ARt §Hfed open
| oop system used Equation 2. Equation 3 was used to cal culate a. The

si nul at i ogenaratop &0 spreddingend wainingsequénce msesjen dernice ShandrmplifiesS4E s 321
transm ssi on power |evel. For the sinulations,16 CRC bits were padded every

block. In the gheuhdbieabonfAtiic RidFkd Srédmbtal®s ba RhOilatef 697 THBS

decl ared when at least two raw bit errors occur aver a block. The uplink
conmmuni cati gn, channel . .is assigned . one tinme_ slo r, frane. The rget for
he bl o KIMOARBCY SEtalispashed (hofiaset RspieF 6 a0 FAHTiee bevBrapicios PBAks. The
simul ations address the perfornmance of these systens for a UE 321 traveling
at 30 ki | shooveos, gtarnatoly, thibughsimantenesdamay e Hiearadiated sighal wo passeénna
diversity for reception with each antenna having a three fiager RAKE

recei ver. thibepthi WiteRist RidiRSR%] 80 Adnaa 8BRS itle @ARMiaingdisticn 12,
estimati on based on a m danbl e sequence of burst type 1 field in the

presence AR j t i P . .rul ati ed an
it or nat i ne P o e b 45 el Rt oG BB Bl C O0
QPSK nodul ation. Interference |levels were assyned ing have nQ uncertainty.
Channel ckepwy te dheseeskilled in the arioprchaesy digect phags shifg keyingo(ISKprph 120
of Figure 5 shows the performance as expected in ternms of the required

ES|I No f arquadsatiife piaséd Ghift lkeyimg (QRSK).on of tinme del ay between the uplink
time slot and the nost recent downlink tine slot. The delay is expressed by

the 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.



nunber of tinme slots. ES is the energy of the conplex synbol. Figure 5 -15
denonstrates that, when gain/interference uncertainties are ignored, the
performance of the conbined systemis alnost identical to that of weighted
open l'oop system The conbi ned system outperforns the closed | oop system
for all delays. In the presence of gain and interference uncertainties) the
transmtted power |evel of the open |oop systemis either too high or too

| ow of the nominal value. In graph 122 of Figure 6, a gain uncertainty of
-2 dB was 1 ggiﬁ;ﬂo 3B£h% : IRy f The
initial rg?ygsg‘lgggélg:dg‘r ~r ﬁ&gg) h s;%is&t%irﬁgt\}\gisdﬂggt&?b&i ?gggg%re%%%rndi ng
nom nal value obtained fromFigure S, in order to achieve a BLER of 10-'.
Figure 6 SRENEemsatdevice §ﬁe presence of gain uncertainty, both the comnbined
and cl osed | oop systens achieve the desired BLER The perfornmance of the
wei ght ed open Theposwstieneks ef ehielprociegrdademmunidation Chot¢dgbndingAontienod f or
controlling transm ssion power levels in a spread spectrumtine division -
dupl ex co i i t e V] i i I .

comuni cat'i o%ggé%%ﬁ3ﬁﬁésa?@%P&gtg%®%%a .aréir‘]‘%?%ez‘tt ?%ﬁlcgg?n%lgisg% ions .
from a second communication station and determ ning an error rate of the
recei ved soanithlosaestynationdevigePd, siep ddcBagh the Jennalgsigiationtdsvies 88eeded
based on in part the error rate (40), transmtting a first comunication

having a hh@aed£sestimporedetiey 90 4rd capdblé of sépanatirgd die refdeddecctaanget
adjustnents fromthe fuss communication station, receiving at the second

comuni caf ] he, t e J o : j . Fcation
and moasaPAUEOBEt hreeitF 7 S R e AP P B i e LRI,
46), determining a path loss estimate based on_ in_part the neasured
recei ved Pracessingisuercivad signgs\ibe meagared powier leveblsadiwded Wreareest & zed by:
setting a transm ssion power |evel for a second conmunication in a second
time sl ot tierguin ofiehseatenicestateither the pdveerf meadurahedti dovidea82 dr pathlssspart t he
path | oss estimte weighted by a first factor, a |long term pathl oss
estimte i e ] y the
Carger adnERUSRUCeRE CRE Dok P hbey B AT, o ke PRIt 3h BE
function of t.i separation of fhe_first and Secongd,tinme slots. 2. The
met hod of PQﬂPgV“r’rggt%flu‘i’E% OQh £OREPEES ﬂgh byASt ‘Y%r‘&e? igurgefh the Quier; get
signal to interference ratio.

loop/weighted open loop controller 100 comprises the power measurement device

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, Tys, may be sent along with the communication's data or in a signaling
channel. If the power level, Ty, 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 30,, preferably the transmitted power level, Tgs, is sent via the broadcast

channel (BCH) from the base station 30,, By subtracting the received
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-17 3. The method of claim2 further characterized by the adjustnments to
the target signal to interference ratio are limted to a maxi mnum and

'm ni mum val ue. 4. The nethod of claim2 further characterized by each
target adjustnent is in a range of 0.25 decibels to 4 decibels. 5. The

met hod of claim2 further characterized by: a target adjustnent increasing
the target signal to interference ratio is SIR-,c; a target adjustnent
decreasing the target signal to interference ratio is SIRD~; a target bl ock

 error rateg mﬁi&%ﬁﬁn‘s?ﬁwerlevéﬁﬁéfﬁhﬁheb&mt@@hﬁﬁﬁmﬁﬂiblbytrﬁEﬁﬁtte&g&b&TC X
BLERTARG~~~'" BLERTARGe he met hod of claim5 further characterized by

t he BLERT th t 10% d of cl 1
fu(rat her c#%’ﬁbg[fkerdlﬁgatﬂws%t;m?ﬁ%“g ‘PB‘? ﬁgmg?émataﬁoﬁgﬁ E&g,e‘ép 51%1)2: (TW a

| ower threshold, a target adjustnent is transmtted; and if the error rate

i s betweebwd b&uumo!zlo dnQ, kepst3. t Addisionhity, arﬂongaéxgﬂbsthdawﬁﬂwpaﬂhioss
‘transm tted. 8. The nethod of claim 7 further characterized by t he

an orr o?dteﬂﬁ{i%*@%%éﬁﬂi{iﬁﬁ%s%ﬁ% BERBing YR oIS SRRRT b IPaTRr T, Cher

characterized by: determining a quali ty, a, of the pathloss estimte (45)
based on Ryerpge.t The lenghtermarveragewidhopathless, betindarveragerof: the pathdossecond
time slot; and wherein the first factor is a and the second factor is 1-a.

10. The nBihAste InGephin Prubtbhd) BisteHdaTasing frii diag thdtranmmemwmrrr@ve‘;l ot
delay is D,~ and the determ ned quallty, a, is determned by a =

(1)1 (D 1. Th cl f ra ed by a
maxi mum aT%&Gb"d‘)eFFWE‘%f%&ﬁ:‘Q yo &Bl D%E Qggfer&([icﬁgﬁtr ﬁ@gg'gpgpﬁ{erqz&pvaﬂél ity,
a) is determined by a = ~1i 1-i-1 )l (D~ u~W-a-1 )~ ~ i 12. The nethod of
claim1 flevehéa ﬂ@h@arsadhepatb&cms pstimationsdavice Wprovidas sefepane leviedsfor the
conpensates for differences in uplink and downlink gains. 13. The nethod of
claim1l fputhja,eg Icharacterized by the first station i$ a

Since TDD systems transmit downlink and uplink comrunications 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 pedo@nce of an open loop power control

sysiem. To overcome these- drawbacks, weighted open loop power control
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base station and the second station is a user equipnent. -19 14. The
met hod of claim1 further characterized by the first station is a user
equi pnent and the second station is a base station. 15. A spread spectrum
time division dupl ex communi cation system having a first (110) and second
(112) communi cation station, the systemusing frames with tine slots for
comuni cation, the first station ( 110) receiving conmunications fromthe
second comuni cation station ( 112) and determining an error rate of the

recei ved i i ; Js [ b as needed. based on in
part the gdr% o'&mrléjastqg% aﬁﬁy ?f@%@%ﬁeﬁﬁagﬂﬁ%‘ﬁ@mﬁfgﬁm ﬁmﬁagﬁiwgcea

transm ssion power level in a first tine slot and the target adjustnents,

t he second station (. 112) receiving the target adjustments and the first
comuni cati on and neasuring a power |evel ‘'of the first communication as
received, and determning a path | oss estinmate based on in part the
nmeasured received first comuni cation power |evel the system characterized
by: the second station (112) conprising: nmeans (110) far. setting a

transm ssion power |evel for a second comunication in a second tine slot
fromthe second station to the first station based on in part conbining the
path loss estimte weighted by a first factor, a |ong term pathl oss
estimate wei ghted by a second factor and a target |evel adjusted by the
target adjustnments, wherein the first arid second factors are a function of
a tinme separation of the first and second tinme slots. -20 16. The system
of claim15 further characterized by the target level is a target signal to
interference ratio. 17. The system of claim 16 further characterized by the
adjustnents to the target signal to interference ratio are linmted to a
maxi mum and m ni mum val ue. 18. The systemof claim1 S further
characterized by each target adjustnent is in a range of 0.25 decibels to 4
deci bels. 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 adjustnent is transmtted. 20. The system of claim 19
further characterized by the target adjustnents increasing the target |evel
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 estimte based on in part a nunber of time slots) D,
between the first and second tine slot; and the first factor is a and the
second factor is 1-a. 22. The system of claim 21 further characterized by a
maximumtime slot delay is D',a,~ and the deternined quality, a, is
determ ned by a =1 - (Dl)/(D‘ ~-1). 23. The systemof claim 21 further

chacector S 9, SRKVEMEIAOUA T B lphpfy L aMod e

) 24. The system of cl aj m 15 further characterized by the set transm ssion
power | evé]veﬁ%ﬁﬁ’éﬁ@ea%@ o8&rLedi fferences in the uplink and downlink gains.
25. The systemof claim 15 further characterized by the first station (110)
is a base statTorerlidfipe pardortnhemce fonhet intoutérdoog/weighted operukomp, & targpent
(32). 26. The systemof claim15 further characterized by the first station

(110) is 38‘?’&% 5@9&%& B rocadbr 08 cbiferiaho R0 S)AbbRDPrédizl dysmé dagse

station (
.Aa9. A 5. AS?. A Af. AFR A Af R ASe ASe. A9[ y?. Ay?. Ay, . A . Ay?. A5f

R Ay, . A, . ,@su;ng(lwpq[igvxﬁe Pt byts and extracts the targeYadjustmcnt information, such as
C}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca

] ca] ca] ca] adteeht Ralegdtapdiddevice 101 adjusts the target level using the
afﬁkﬁs il %F.addf gdrapda j

Uc[ ] Lr pw} x cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) cal ca ca] cajcalc

('Lil}?cz]s?i]s(r:n }fcgflllsgtg‘}egg} cgi)%g}%ﬂ]f %Qﬁ% ]r% Z](%%ﬁ%"émal] %et cal'Ch calcalc

a] ca] ca] ca] calcalca ca] ca] calcal]calcalo

Lz g m %‘Qg Ailg: 7] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]jcajcal!6"" ", ((((/)
)) 2FF x4 Thch‘ansﬁﬁt.poixleibﬂ@ﬁﬁﬁbﬁSievingB(mhﬁﬂnlas&h@ﬂdjuﬂbdaz]xget]leee}léa] calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal081111M

22>3B33314}:44 T8=88-9999: .

e oo T SRR PECT. el oty hgole ol o ebpan el
= _<<<6—:-§#@9@A5048@mm“88m’@}‘w & 1oyef Of fhefFAnsmitRe§ttigha) 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! xCC
D" DDDOEEES .

G GGHgHHI I 111 JcJIKbKKKL] LLL} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] caleadoaRr] kiR EAhCAd Rk flcaabs Aoarthe AaadhRahs slatiBhiiAM>N NNNL
000" PNPPQQQQR] RRSLSSS" T*TvTTTTT} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ool oal cal Gehiahcal 7heaheRkat T0he A AL kAR RIS RLERLF BlGR6d T LU U

WP WAM-Xv XXY] YYYI ZZZZI[ [ [ T\\\ ] #] . ] {val ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] bar]ecra]rm}fmp perspder cedasisy éi ﬁl@aqmca]@apé #ajie spreadpad! . c]] ~d
AN D " #af ahauaabnbbc” ccchddAeee{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c

a] ca] ca] C@h@@hﬁﬁ]ﬂ@kﬂ&%}l@@hﬁﬁﬁﬁ%&&%ﬁ@ ipptheardiing sejuendsiakatibadpeiekcal cal ca
le*f bf ff Kgggg@hh*izii"jujjjjjk 7111 . mm®Bnpnn}xsni d_Z]] ca] ca] ca] ca] ca] ca
ool ool cohpairieaBhiattaR ok SRl ki RuEp Pk SH fARI AR SRl EA b aRE 02 o2l o2
ppapppp' qpgqg#rtrrrrr-skFszsssb5t Et Mttt +uvuu| wrnhc”Y] ] cal caéca cal calca]ca]c
a] ca] ca] c&]eamenicatigrcbyist] ThE saread) Banad 45 emplisipd bycan eapibsedfe apda) caj caj
cal uu>v{vvv(w wewowLwwwx] xexxx/ yyy-zzz. {{{#| H | | 3}}}{qu gb] X] ca] ca] ca] ca] c
a] ca] ca] c ajcurlfied ]ﬁ@h@ﬁl&aiw}d:addaa] et amh@] h of] the \dng#ljfsa M ca] ca] ca

] ca] ca] ca] ca! }~~X®?~~d14’?q <pVY?} xsni d ] ca] ca] ca a] ca] ca] ca] ca] ca] ca] ca]

<o wo bR BleBaRaif B %Jaﬁa?éliiﬁéffri‘b%ﬁéf?é‘%@s%ﬁ%%@ﬁfaé%% Bs ol cal o
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca\ hReF 10%& ()- 10%& ( .
%8322 8 veosmisgipn, paveydevel) - Thopewexr porralld’ co_r.mwmcet}on ])urs_t.@%&set,i &

through the isolator 84 and radiated by the antenna 82.
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10%& ()- 10%& ()- yMLO%& ()- h [dE O 10%& ()- . 10%& ()- + 10%& ()-
y) 10%& ()- L' 10%& ()-$10%& ()- UxnbC, 10%&' ()- 10z 10z 10z9: 10%& ()-17
10%2& ()- 04 10%& ()-2 10%& ()- Uu [ dEnbC3 109%& ()- 3S 10%& () -
10% ()-310% ()-FY 109& ()- 3 10% ()- [ C2dEmbC9! 10%& ()- 10%& ()-
109 ()- y 109& ()- 9, #10%& ()- 10%&' ()-2q Z dEnbC.z 10%& ()- vy,
109& ()- &z 10% ()- ' 109& ()- 9%40% ()- y#109%&' ()- UJYNC 10 10 10S;
310%& ()-8109&' ()-5z 10%& ()-L3z 109& ()- 1z 10%& ()-c[dEYNC 10%& ()-
10%& () - The following is one outer loop/weighted open loop power control algorithm.
The transmitting stations's transmission power level in decibels, P, is determined
using Equation 2.
Prg = SIRarger + Igs + €(L-Lg) + Ly + CONSTANT VALUE Equation 2
The SIRysrger has an adjusted value based on the received target adjustment
signals. For the downlink, the initial value of SIRsggeris known at the transmitting
station 112. For uplink power control, SIRy,pger is signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted SIR,pqer may also be signaled. The adjusted SIRypgeris
limited to the maximum and minimum values. I is the measure of the interference
power level at the receiving station 110.
L is the path loss estimate in decibels, T - 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, Tgq. 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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3s 109%& (
109%& () -
10%& () -
, 10%& () -

)- 3 10%& ()-F 10%& ()- S10%& ()- ]LAEYNC F( 10%& ()-Y
109& ()- 10%& ()- 10%& ()- Y109%& ()- rpdEYNC 6 10%& ()-3

Y1 10%& ()- / 10%& () -
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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, o is set at a value closer to one.

Equations 3 and 4 are equations for determining c.

¢=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 delay is D, ¢ is zero D, sioweq 15 the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D, ,..anowes» 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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10%08' () -/ EOO00811dEDCY(z 10%0& () - &10%0& () - #10%0& ()-!z 10908 ()-F
10908 () - The outer loop/weighted open loop system used Equation 2. Equation 3 was used
to calculate . 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_l one time slot per frame. The target for the block error rate is
10%. The SIRyspeer 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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The combined system outperforms the closed loop system for all delays.

In the presence of gain and interference uncertainties, the transmitted power
level of the open loop system is either too high or too lov‘z 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 SIR,pger 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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1 A method for controlling transmission power levels in a spread

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:
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 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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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 increasihg the target signal to interference ratio is SIR pyc;
atarget adjustment decreasing the target signal to interference ratio is SIR pg;
a target block error rate is BLER 14 pger; and

SIRDEC is determined by

SIRpgc = SIRe X BLERorger/(1-BLERtarger)-

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

the range of 1% to 10%.

7. The method of claim 1 further characterized by:

if the error rate exceeds an uplz;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.
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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-c.

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-1D,-1).

11.  The method of claim 9 further characterized by a maximum allowed

time slot delay is D, aioweq and the determined quality, ¢, is determined by

& = max {1-D-1¥Dppeatower-1): 0}

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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equipment and the second sfation is a base station.

15.  Aspread spectrum time division duplex communication systemhaving
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 asreceived, 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 léng 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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target signal to interference ratio.

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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o, of the pathloss estimate based on in part a number of time slots, D, between the

first and second time slot; and

the first factor is o and the second factor is l-ix.

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

@ =1~ D-1)/D,u-1).

23.  The system of claim 21 further characterized by a maximum allowed
time slot delay is D,y anowea and the determined quality, «, is determined by

O« = max {I'CD']-)/(Dmn.x-allowed'l)’ 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 system of 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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