DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi's inventio
relates to spread spectrumtine division duplex (TDD) comunic on.
systems. More particularly, the present invention relates to a syst®f and

method for controlling transmission power within TDD conmuni Caﬂﬂllﬂlﬂlllmllﬂlmlllll
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systens. Figure 1 depicts a wireless spread spectrumtine divi
(TDD) communi cation system The systemhas a plurality of base stald,Qns
301-30,. Each base station 301 communi cates with user equi pnent (UES

321- 323 inép%%%ﬁ%wwﬁ @@P%%E&P(S’P%Wi% NEFRBTOR Dase
station 300t TN P oM AR it SyGLERE ot ons and

to as uplink conmmunications. In addition to communicating over different
frequency spectruns, spread spectrumiDD systens carry nultiple

comuni cati ons over the sane SpBACK@ROWENpUl tiple signals are

di stingui shed by their respective chip code sequences (codes). 15 Also, to

nore efficien use t.he spread spectru TDD systens as.illustrated in
Foure 2 use. MERIREREOR RESTARHGH [mrent ooEFHMERRE ShviFioRed Gt
361-36n such as sixteen tine slots. In such systens, a communication is
sent in $EDEte@dnmhineasénswstdtd - Bte paiticglasky| detppdseno deentido celathisngl y, one
frame 34 is capable of carrying nultiple conmunications distinguished by

both ti ' i o . i Jn a

singl e {1 Erafaidiiior CORrARAEIAR RN phwer wihi OO ERBRRRAOE S at
required to support a conmuni cation) one or nultiple resource units are
assi gned SY#€MBat communi cati on. Most TDD systens adaptively control

transm ssion power levels. In a TDD 5 system nmany _communi cations may share
the same tineFj@te RUEpRReE twikelessWiRBad shletdidd tidde 888808 Idablexn(130D) i s
receiving a specific comunication, all the other communi cations using the

same tinme slot .and spectrum cause interference.to the.s j fj.C

communi c&PHERIME tq“eggfer'?b ‘ési'si%fﬂg’i‘?f adlga IB’O paspé\gag}orggﬂeﬁé)rcmm cation
degrades the signal quality of all other communications within that 10 tine
sl ot and bagesthtiomB0Houwrenjcatesduith neertdyaipmen(iEs3 38p-3Rpireits bperating oo f ar
results in undesirable signal to noise ratios (SNRs) and bit error rates
(BERS) ata{ctah Q?&ﬁﬁlﬁl }’c%ﬁ%{ls i On IRl 3 din A¥ale %tQGo? BGP{H a B2 L¥e Plferred

communi cations and | ow transm ssion power Tevels,!transn ssion power
control is used. One approach using transm ssion power control in a code
diQi si on teras deywnknk sompaEdeatioBHRAY CommHmGasions gianspiteditom adEcY bed in

U S. Patent No. 5,05G 109 (Glhousen et al.). Atransmtter sends a
comuni catyagd stafloA 3DRhfe reflrAld toe& AIpYiak 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).

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

multiple communications distinguished by both time slot and code. The combination



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 increasing or
decreasing transm ssion power by a 20 fixed anount. Since the receiver
sends a control signal to the transmtter to control the transmtter's
power | epbp single podrinet sigsle timpe slos inneferrrcktoasea resawisa ity Hased @a the as

cl osed | oop. -2 Under certain conditions, the performance of closed | oop
systens @gadwiEE redu@feditosh a cbin@iTatonG shé oNMUHEIIE ré&RuYERIhie 44 and a
base station are in a highly dynam c environnment, such as due to the UE
novi ng, such systens nmay not.be able to adapt fast enough to conpensate for
t he Chanagsggne%tg tﬁ%‘o%ﬂ%@&‘&é“%‘?- cl osed I oop S power control in TDD is
typically 100 cycles per second which is not sufficient for fast fading
channel s. WO Bost $RH2 systeins edabelpcondtdh trin§missioarpavedrileva)s.alt a TR ssi on
power level of a nobile termnal in a satellite comrunication system The

p r co . 3 =k el t. For
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termnal's Eower setting based on the strength of the signals received from
t he nobi RAJES2riosdiase $1aBope 1% feacl WAL Baipssilicrgumeupination; alb s edsgat i on
del ays of the satellite systemin the power setting determ nation. For the

open- | oogogn@Btdtions (it tHRNGhe Gfetsie dneiCgevednseanalinfeffepericaaohnse
station in each frame is conpared to the strength of the signal received in

15 the previ.pus frame, The transmt r.of the nobile termnal Is
2di ust ed Ty et ARGt VARG ingndt i fhsaisgely Beweei BRE R, phfgi
U S. Patent No. 5,542,111 discloses a nethod for regul ating transm ssion

power conomotuniéatwnmisgrades sheasigoal qualitypofl abhetheecomanudications widimthat
transm ssion power control. Long-term power control occurs in a base

Sfoat i o @ihe 16t ARPSHedRME! ﬁ&_&éveagreaniﬁﬁ]%@ﬁ%ﬁsrﬁgeidn%qdva%veﬁoé%iS! on
authority statenent is conmuni cated fromthe base station to the nobile

station. The short te transm ssi on. pg evel .is determned -3 on the
| over | oé‘ﬁﬁuﬁé irhgnfiﬁ%waé@feg%léqn%e Fatios( 85 é?&nl’ﬁ&ﬁéﬁr raisa P RES NS | on
authority. Accordingly, there is a need for alternate approaches to

mai nt ai nrededvead. qlial iMaintaindbbihwttier aipaad smiabity pbvemminenichtdond aBAMAAWRY Cut er
| oop/ wei ght ed open | oop power control controls transm ssion power |levels in

a_spr ead  SRERIL NI IR 1001 SEAR RN SAIBINO A 4@, System AL a first

conmuni catron's lon, errors are neasur a recei ved communi cati on from

a second communi cation station. Based on in part the measured errors, an
adj ust nent One approach using transmission power control in a code division multiple

15 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
20 fixed amount. Since the receiver sends a control signal to the transmitter to control
the transmitter's power level, such power control techniques are commonly referred

to as closed loop.



10 in a target level is determned. The first station transmts a

communi cation and the target adjustnent to the second station. The second
station neasures the first station's comrunication's received power |evel.
Based on in part the received power level, a path loss is determ ned. The
target level is adjusted in response to receiving the target adjustnent.

comuni cat on t o S arieh CdipF b heTtutbic FIBREEI0R FsEmayRaa"
station's transm ssion power |evel for the subsequent conmunication is

adj ust ed badid instance, faodmmheicdtibes sem bdtvpeenta UBEsmd 4 basededtmmmdra éna highlyt y
and the adjusted target level. -3a BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 ill : i T | i I i

ol ots in ey BplR EFyiEBnbaY, oGt ag R GARL O nich i Subh syl il ot b ble
out er Ioop/weight ed open | oop power control. 5 Figure 4 is a diagram of
conmponent s &6 adapt festramonigbdo compensate forsthechangen,t Bae updgse wete gif tcbeseddeop
| oop power control. Figure 5 is a graph of the perfornmance of outer

| lanei ght - i | . t ol
0op/sel g 3}‘3%? an{IBPﬂl %*C}pﬁ{éﬁii?%o @9%&?&% ﬁgécggf?hi&ﬁﬁ oo ¥6fri et £oP

systens. Figure IS a grap e“thre ormance an terns of B
| ock Error 10 Rate (BLER). DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Sfastidagingrchiapgelsenbodi nents wil | be described with reference to
the drawing figures where |ike nunerals represent |ike elenments throughout.

Quter 15 | oop/ wegly og 43062 ACQRECIBNEA nfcthéd Bbr ¥brtrolliggox Blaﬁgm‘aidiﬂga@_ek he
flow chart of Figure 3 and the conponents of two sinplified conmunication

stations 110, 112.as shown in Ei.gure 4. For the.foll ow discussion, th
Communi cat | BV OLATBAORAFERAE & sacc]lim <qrpinuBicatinny s BRe, TRESIWEE SoBief  oq
to as the transmtting station 112 and the communi cation station receiving

power cont r ehdthod tasThoth eatiosed-locp aed e epert-toags elkindrite Fer diev tlogediadp on
110. Since outer | oop/weighted open | oop power control nay be used for

T Boner ooiiepans g Bt smEBE e BT AhiAd RERinA Aol RERingiscd U AT

-4 both. Accordingly, if both uplink and downlink power control are used,
t he recei vi agengil of thxnsighalsirecgivedfroorthe mabiledeaninal . aFlke basstatinddkes into

both the base station 30, and UE 321. The receiving station 110 receives

oo, PG ploPANShe RSl 1 W SyEATILSy ekt 90" BN ot
determination. For the open-loop element, the strength of the received signal from
the base station in each frame is compared to the strength of the signal received in

15 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

20 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



alternately, an antenna array, step 38. The received signals are passed

t horough an isolator 66 to a denodul ator 68 to produce a baseband si gnal
The baseband signal is processed, such as by a channel estinmation device 70
and a data estimation device 72, in the time slots and with the appropriate
codes assigned to the transmtting 10 station's comruni cati on. The channel
estimati on daheRwer 166uHsNg ¥n ideatfieruf the lwngitern pewerdrithe dagisioamiuthdtityhe
baseband signal to provide channel information, such as channel inpulsé
responses. The channel. i nformation is ed t.he data.,estjmation. devic

72, the interfer Q#‘E&Bﬁr‘éﬁ@n’ts G&Wégso?ﬁl%etwr??%n@t mggifain mgnaF
cal cul ation device 76. The data estimation device 72 recovers data fromthe
15 channel qMal@’@rtdnmlbi“ng-aﬁsmissﬁmrﬁmValaﬁélsg t he channel information. Prior
to transm ssion of the communication fromthe transmtting station 112, the
data signal of the communication is error encoded using an error
detection/correction encoder 110. The error encoding schene is typically a
circul ar redundancy code (CRC) followed by a forward error correction
encodi ng, although 20 other types of S&IMMARY¥odi ng schenmes may be used.
Usi ng the soft synbols produced by the data estimation device 72, an error

detection device it 0

anal yzes the. -5 UG BEPLACEHFA! S5éh fdopl pattani i Tatedls BaRiARSRR hobe
recei ved comuni cation, step 39. Based on the error rate, the processor 111
det er mi nes lévglsimsuspread spegisim simediyésion duplex enramuaicaiionsygem. s Agadirst o
interference ration (S| RTARGr)~ needs to be changed at the transmtting
station 11200§ﬁﬁﬁliéﬁhod3§t%ﬁ€n9&16ﬁear€%€dsﬁké@ﬁl aRedved @ohthificaRoA FhdtatdTent
signal is generated by the target adjustnment generator 114. The target

adj ustnment i s subsequently sent, to_the transmtting station, step,4l. The
target adj useaRgicomamynicatipn gtation; Based am hpart thegnsagired grrens, an agiystment
using a dedicated or a reference channel. One technique to determ ne the

anogpt of agfj alsdrperlevehisideteriring®t Thefiedt suaiem thdhsmityp pemnmantcatdyeand the
threshold. If the determ ned error rate exceeds an upper threshold, the

target level is set at an upacceptably.lowhevel an eds_to be ipncreased.
At arger 1 oteeafiysBhel o SRR elio® R ol sRBRomeBunes BF ESF
target level. If the determned error rate is below a second threshold, the
t ar get | evebtatisn's edpmahuzicationiersesiadipoy enlgyel.| Besad emia panthe seageved poywer can
be decreased. By reducing the | S target level, the transmtting station's
power |eveld i [ e T J }

loing t he. sShEtATRRRNEH: AERHAIAA, THthlget RIEIS AP (RATDMY GFebdlhe
the error rate exceeds the upper ljimt, a target adjustnent i.S sent. As a
resul t, hi gHeciargst adw%@eap-e}fﬁﬁﬂuab%ofq@r?m@ Qs§ds| B$4 Wiith rgspectdpa

adj usted slowy, such as once per 10 seconds. If the error rate is between
the180 t hr egiiiedSenttcdriiificatidh s beRrinshiitte® frois fie S&ondaltaticiy The secutRl
target |level. Applying the above technique to a systemusing CRC and FEC
encodi ng

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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foll ows. Each CRC bl ock is checked for an error. Each tinme a franme is
determ ned -6 to have an error, a counter is increnented. As soon as the
counter exceeds an upper threshold, such as 1.5 to 2 tinmes the desired

bl ock error rate (BLER), a target adjustnent is sent increasing the target
| evel . To adjust the SIRTARCEr at the transmtting station 112, the

i ncrease in the S| RBIRIER DESCRIPTIONROMICTHEMRAWINGS ypically in a range
of 0.25 dBto 4 dB. If the nunber of CRC frames encountered exceeds a

pr edet er m ned tq, Ek%rs e value of the counter is
conpared to aFF% elltlﬁlrgggﬁggﬁf}gguctﬁfﬁ tfh?’o 0.6 tinmes the desired BLER

| f the nunber_of counted block errors is below the | ower threshold, a
target adj ust Figures ilusirates timerglogdu repesting framesiafragbbD) systam. S| RoEC. A
typical range of SIRPEC is 0.25 10 to 4 dB. The val ue of SIRpEC may be
based on SI R, MaiaR® A al @6 @ ehaklof Skt 1685/ weddiRed ERIARFohve ERTARGET
is based on thggtypeﬁof service. A typ%ae?éranggbfor t he BLERTR%%;ET 1S 0 1
%.t0 10% Equ tlong& ustrat s one such_approach f.or_ determ nin

SPROEC - SI R, RSk e S8R ] CmPoRgEReAREE PO TERAICH AT HA4aS ¥51ie count
is between the threshol ds for the predetermned block limt, a target

adj ust neoutes lgpveightstbéperelobp péteecontrel.y, a single t hr eshol d may be used.
If the error rate excee S the threshold the target level is increased. If

i 1 ona 1, FidtirecEigbetaef A b EReoPnatel BRF ol RETEELEEY Lgorao

adj ustnent | evels, such as fromO dBto 4 dBin O. 25 dB i ncrenents based on
the diff seighted bpeinop andeclokeddoap peweecoutrolsystemsnd t he desired error
rate. The interference neasurenent device 74 of the receiving station

110 deter mi nefj @@h%tatﬁr&rtﬁ@tﬁrea@}tstérﬂs P& fornace ngrété?h@otf@qoamﬁee', based

on either the channel information, or the soft sy | s generated by the
cl a est (iﬂ:elgew ce 72, or both. Usi ng the soft synbols and channel

or rrat Et transmt power 5 cal cul ation device 76 controls the
recei vi ng statr on's transm ssi on-power |evel by controlling the gain of an
anplifier 54. For use in estimating the pathl oss between the receiving and
transmtting stations 110,112 and sendi ng dat a, the recei Vi ng stati on 110

zgpr?nsjn?cgmﬁ%ya%qugﬁt&%fm%ﬁgﬁ%Em@ vari ous cﬁm p| cally,

in a TDD system the channel s used for estrmatr}{r‘tg pat hl oss are referred to
as reference Thanrdesed amppdimpnts il be desmithed yefiseengs éel the drapieg

receiving station 110 is a base station 301, the conmunication is
pr ef er abFigusegntwit¢er liRe dawiketdIK epiEsent Clilendbmentsa (EBAWFBBuCONtO@er physi cal

15 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

20 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

4-



channel (CCPCH). Data to be communicated to the transmtting station 112
over the 15 reference channel is referred to as reference channel data. The

ref erence data may include) as shown, the interference |evel, IRS,
mul tiplexed with other reference data, such as the transm ssion power
| evel, TRS. The interference level, IRS, and reference channel power |evel,

| RS, may bbth.sehecordinglyhdf botampdin, andidawadink poweraconitolcarennsad, thee

ref erence channel data is generated by a reference channel data generator
20 56. T r rsgaﬁf%, kis based
on the c?)@r?rfrzaﬁrﬁgaatﬁ ?gﬁangﬁ%tgg \jsmtagtﬁy% req %ﬁéﬁgwﬁé@lﬁ g:f lrg?rgygﬂgletﬁr& g‘rgni ng
sequence |r1sert| on E@léﬁg 58 spreads the reference channel data and nmakes

t he spre8@tiog s 30, apd e data tinme-nultiplexed with a training sequence
in the appropriate tinme slots and codes of the assigned resource units. The

resul ting sequapeeceiving efa€ibhdd0réceiesdationyHdic fiej@endyigtals Ehmdmgr
communi cation burst is subsequent ly anplified by an anplifier he

lified conmunicati sy a_sum devi. with any

oﬁer coﬁﬂﬁ’ﬁ‘i’%‘é‘fqtmsbﬁ?g} lhéer etéqnééu{?’ﬁ‘rgoug Oﬁeﬁ/?b ¥l i 48 nﬁadzg’aobener at or
50, spreading and training sequence insertion device 52 and anplifier 54.
The sumelematabyrincaténma apuysstep 38Be Thededavedisigpala anmphsked thorédgh e
nodul at ed signal is passed thorough an isolator 66 and radi ated by an
ant enna I r e radi at ed
si gnal I§§H§§g§€9¥%d%ﬁodﬁﬁg?6%%B$h%ggggggﬁlO ghlﬂﬁﬂ ﬁ@gb?%ﬁ%ﬁdg éhna 82 of
the transmtting station 112. The type of nodul ation used for the
transm t iseRroeessedisueiags byna ehannsbesiiatiom devipee/ lanslndata esthipgéondeviced in t he
art, such as direct phase shift keying (DPSK) or quadrature phase shift
keyi ng ( SN the Tte %'Iﬁt?rﬁﬂﬁ With e afproPHAR &dés a8fEREN P &d A¥nGhith
transnlttrng station 112 15 recerves various radi o Trequency si gna

cl udi ng t.he target .adj ust e recejvgg Sig s are passed through
I8 sol afielions CoTRuigHL! The haatele gt de sl BiaRaenIg daes
baseband signal is processed, such as by a channel estimation devrce 88 and
a dat a eghining sequedeveorap@int inthe basebamksighaitts peovideehiannthiafepptons | at e
codes assigned to the comunication burst of the receiving station 110. The
channel i 0 e
corrponen% QChegi %CPI}B&% gé Y‘% %ﬁ & rqﬁm’%%% (&j& ﬁﬁgﬁﬁaeti&ﬂr?%ér%g @ﬁﬂl‘é C&g%ch as
channel |npulse responses. The channel information is used by the
dat a est PfHBREEN déw:e&%@hemeﬁer@@%rn%éurmﬁéﬁvme?ﬁ cadothe trasmpibwer
| evel of the processed comruni cation corresponding to the reference

channel , p&IS} cdlsulaBas EGide 78, tTHE dAOVREnTEdA WeQTHRIT2 @eyVers dBi fedd thent S5 to
a pathl oss estimation device 94, step 42. Both the channel estimation

Ci%\” e 8§hannel 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

20 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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and the data estimation device 90 are capabl e of separating the reference
channel from all other channels. |If an automatic gain control device or
anplifier is used for processing the received signals, the nmeasured power
| evel is adjusted to correct for the gain of these devices at either the
power measurenent- device 92 or pathloss 10 estimation device 94. The power
measur ement ddgteferrdr A RINANABRS aPérrafrabd iR thd RLBIVEI@RiAdnRAa6n! ﬁ@g 39,
controller 100. As shown in Figure 4, the outer |oop/welighted open |oop
controller 100 conprises the power neasurenent device 92, pathl oss
estimati on &asedendhy egrns ratey thapEacessas il 1gdaseaings the amepunt, jib @ayea darget e
101, and transmt power cal cul ation device 98. 15 To determ ne the path
loss, L, theed iRkt thEpet sinaPid ihifabac: fafioH (SR, LNe.) afiEid 1 balchaRged
transmtted power Ievel?ﬂ%FﬁﬁﬁHhe connunication‘s tP@ﬁ@%ﬁtted power I%vel
TRS, may be sent along.with the_communjcation's data or jn a signaling
channel . |f at e %W@m?%g/&taporrﬂé? s@ps‘k}ﬁ%amr@l the deterained AMENIEa 8 taiges
data, the data estimation device 90 interprets the power |evel and sends

the isnt er pr gHRALPENECSi A i's%‘gﬁéraftéd b?%@&&gémﬁuﬁﬁiehﬂg&ﬁ&at&qmerﬁé-taﬂgg,tt he

receiving station 1107is a base station 301, preferably the transmtt

power level, TRS, is, sent via fhe broadcast channel éiBCH) frgmthe base
station 30123dpstmen) isaibspguamly setdp by trangmitting fiafionastephdd. phhetangeel |
RTS) fromthe sent communication's transmtted power |evel, TRS) the

pat hl oss eshijBirhont i9 Siratedth ®eitdmRhRGine Rathi 112,.08%h ds.ushl WRRHIdA&] b¥\O
stations 110)" 112) step 43. Additionally, a long termestinate of the

pat hl oss, Lo, i1s updated,, step 44. One exanple of a long term pathl oss
estimate isaéeﬁeﬁ‘?f{j%t 8l.average. The long term average of the pathl oss,
Lo, is an average of the pathloss estimates. In certain situations, instead
of transmtting One teclarigoe ta detenniserthe enwunt JR%1justineent éi¢ tievianget $¢wdlivess 110
may transmt a reference for the transmtted power level. In that case, the

pat hlyoss estinatiaon ice 94 prqyid ef ce | | 0 pat hl oss,

L. ?b Si nceglqr%pg&qu&‘%?raﬁgﬁﬁ}oqéwﬁf fhg?kdgt{? ge.d [ ﬁﬁgﬁgﬂﬁuéﬁé&gﬁfoﬁgﬁpﬂé’fhe
sanme frequency spectrum the conditions these communications experience are
simlar. Thilweghiddotentargeslavel és sedat en amaceeptpblyclaw levrleand needs godus t y,
the path | oss experienced for the downlink will also be experienced for the

uplink and yj¢gasuar ?@tlar 1AM B strién @ igralRisedt iRdidhtin@ % ih&redsd @ BEY

' grvel,
a transm ssion power |evel 15 flor a co%ﬂunl cation fromthe transmtt;inlﬁg

station 112 . to the receiving station 110 is deteymned, If a ti del ay
oxrst o bt dlevlt Hing SEmmAR Giatiaras elam Beheond Greshold.che Bsbntleverissbh,
the path | oss experienced by the transmtted communication may differ from

t he cal cul ahesh hmregesdanly Bighieecleandahetargetitvelnan bealesmased. nBeirédwsing the20
time slots 361-36", the tine slot delay between received and transmtted

compyni cat i oS TBVe BY AT St i AT O BOGE: RUeil d8B8sd BB hect RILAR

D

-

to other communications using the same time slot and spectrum. To improve
performance, as soon as the error rate exceeds the upper iirnit, 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

20 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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system To overcone these drawbacks, weighted open | oop power control -11
determ nes the quality of the estimated path loss using a quality

measur enent device -lla 96, step 45, and weights the estinmated path | oss
accordingly, L) and long term average of the pathloss, Lo. To enhance
performance further in outer |oop/weighted open |oop, a target level is
adj ust edto hayy arersen A COBBLEE Brinerementate Avfoonasihdreuierrkeeeds aupnee data 5
estimation device 90 to bits and extracts the target adjustnent

i nfor-or g jeQibldsS ¥&dh a8 135 B BTAarE thedesisddBlick drérfAS BYINE! @ Wedcce 101

adjusts the target |evel using the target adjustnents, step "46. e target

| evel may be a SIRTnaaET or .a target received poper |ev at the receiving
station fdpistopeRd ’cSr%Fr%n‘PFreﬁﬂﬁértﬁegﬁfﬂﬂ S?Yedn %8v’i‘ Bsbg’ecgi%i‘:\m attitéeadj ust ed
target level 10 with the weighted path |oss estimate, L, and long term
aver age ofanbinétipgtsdtioss1 kbt thodheeadeoin the SIR gL e seédie(SIRaRR MvBiwhde power
level of the transmitting station, step 47. Data to be transmtted in a

c ni cag |. I 0 ‘

qener at ougay hrltlE of PSR ) ol rihd fuborol CRE AMECEaBNsBALE
detection/correction encoder 110. The error encoded data is spread and

ti me- nul expgess edprideteraminadaliniit guele g8 dAO8 tgckshéhe valugi ofgthe capyatards
insertion device 104 in the appropriate tine slots and codes of the

assi gned cbﬁgﬂk&dct% ANV (RFQRAYE BEcPaONTIH .6 Gintedth®Wesited BLERSPIFAAE Si gnal
is anplified by an anplifier 106 and nodul ated by nodul ator 108 to radio

frequency. The gain of .the anplifier ig 20 controll.ed the transmt power
ol cur at FHEE S covad tiods ABds bElow Bl dbieShalls e bAUHERERT cvbl
The power controlled comuni cation burst,is passed through the isolator 84
and radi aigndl BBysehhdeaedsamthed2rget ke, STRg:f A typicalgange af®IRyt i5r0.25

| oop/ wei ght ed open | oop power control algorithm The transmtting

s{ations', s 4t i r J el PTS,od i usi ng
E{](E‘at [ ont 4@?‘2? Hé 2?%%&%%@ +§é€éb§%€%ﬁl§ﬂ§“{a§ d+a %5\%%&%? %{pljﬁ%équat ion
et o R s TR e 5t e o i o i e

adj ust ne TNRGHTS . , . is
known at the transmtting station 112. For uplink power control, SIRTARC-~.
i's si gnaligd BIIBRY,L e i§ €cBbMbnd)%! dqwitickl @ illastdtes bhanash tappfichtfai on 112.

Addi tionally, a maximum and m ni num
determining SIRpgc.
SIRpgc = SIR e X BLER 14gger/(1 - BLER pArgeT) Equation 1
15 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

20 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.



val ue for an adjusted SIRTaacsT ~Y al so be signal ed. The adjusted SI RTnRCET
is 10 limted to the maxi num and m ni nrum val ues. IRS is the neasure of the
interference power level at the receiving station 110. L is the path |oss
estimate in decibels, TRS - RTS, for the nost recent tinme slot 361-36" that
the path | oss was estimated. Lo, the long term average of the path loss in
deci bel s, is The imtrferagcenssasmentnt tdevigeat/dl of shesteceiwimg stationh@1@CONSTANT
15 VALUE is a correction term The CONSTANT VALUE corrects for differences

in the upljink. ' c I Su ifferences
i upt 1 nEclRRR T ey e RRENR B, Jhy iR O EREBETRE ot B b6 o1 e
correction if the transmt power reference |evel of the receiving station

i s transghannedinformaticrd opthetshit syotbold geneeatediby theslata cstmmeion| devme%Zr, ecei vi ng
station 110 is a base station, the 20 CONSTANT VALUE is preferably sent via
a Layer aq8e; i } i oPAmAB&S ity of

t he estiéﬁ?@@ipg?ﬂngggg%gﬁgaﬁggggﬁg ggg%ﬁg{hggsed oﬁq?ﬁéﬂﬁﬁkggpgg?ktine

sl ots 361-36",betmeen,ﬁ?e time slot, -13 n, of the |ast patr Iﬁgs

est i nat e calgHlating devicet7q comralf ghe FrctviRg SGHANALERRASTEIN-BAYERT 1aVeHbBy t he
transmtting station 112. The value of a is between zero and one.

Gener al | Yonirdllingehé pam ofianfehislifter Sdet ween the tine slots is small, the
recent path loss estimate will be fairly accurate and a is set at a val ue
close to one. By contrast,..if .the ti difference is |arge) t ath | oss
st mate my ROt v edihagte diroPaRioss BRgPe: B 0Etlsle bR fihublin
nmeasurenment is nost likely a better estimate for the path | oss.

Accor di ngtayionall@, 192@andserdingtate, the veeiving sation 1Efsendsacommanigatdonr e
equations for determning a. a=1 - (D- 1)/(D',ax | ) Equation 3 10 a =

max { |- T < , q I : L unber of
tinme sl oé@%)é{f% gguttlggts %BY%HI% %’eSttQ‘5 #g gﬁ%? of ﬁ%[éﬁo‘éngij{ﬂ%g% %qtgéghgg??rmt e and
the first time slot of the transm tted conmunication which will be referred
tl as t heftthaevasioys dhapagls. | Typisallyeingg TRDpspstempdhe channgds jused fer p, ¢, ax

is 15 the maxi num possi bl e delay. A typical value for a frame having

fifteen Ektﬂiﬁaﬁﬁ%bﬁthﬂ&;s sy edferred 14 Berefedenye cBaldel@althaugls olesr Thannels
D, ~, ax_a~,owed 1s the naxinumall owed tinme slot delay for using open |oop

oot t cctrbatsuseth dEfedFr R A T ot AL ER RRR AR T ovel

PTS, determned by a transmt power calculation device 98 the transmt
power 20 ippreférablyrsansonartacth verdmiuenmompn changel oeta, comgon esngobplaysécat onpar e
t he performance of the weighted outer | oop/open |oop, open |oop and cl osed

| 00p systAffnel (FEPEHTUDAL B8 cbMnTiHtdEF torthd BnSnWBhE statidn 112 over the
15 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, Tgs. The interference level, Izg, and reference

channel power level, I, may be sent in other channels, such as a signaling channel.

The reference channel data is generated by areference channel data generator

20 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-



performed for a slightly different version of the outer | oop/weighted open
|l oop algorithm In this version, the target SIR is updated every block. A
SIRT,~CGET 1S increased if a block error was detected and decreased if no
bl ock error was detected. The outer | oop/weighted open | oop system used
Equation 2. Equation 3 was used S to calculate a. The sinul ations conpared
t he per f oefeence data time-meyltiplexed wothtartralining gequenee in tBedppropristeitind slatspower
| evel . For the sinmulations, 16 CRC bits were padded every block. In the

si mul ati ofg @AY oPtHAGsiRE Pesaﬁr%mnsf\'rﬁl:?gm% &r@g}eﬁﬁekg%fe%fea%\@(eﬁn at

| east two raw bit errorS occur over a bloc conmuni cati on
channel is assigned one ti slot per.franme, The target for_ the block error
rate i s QOMPYPICEHRN gPFﬁ‘-nﬁE‘F"i‘@n gﬂ%gw&rsy@sm%%‘g.amw&%fhwaati ons
address the performance of these systens for a UE 321 traveling at 30

ki | onet ergingléfier 60U IThe Bmplifieddoatiddnicasen budt inai bu%ﬁﬂlrﬁdﬁbfmﬁlﬁﬁmﬁvfﬁwer sity
for reception with each antenna having a three finger RAKE receiver. The

sigrul ati on, approxi nated a realistic channel, and SIR estination based on a
i Sl o Lo Y ef SpBphiEiaih fufl B B ARk Tl 0 ARRE o
white Gaussi an noise (AWGN). The sinulation used an International

Tel econmgeinewatdrh(), spicadinglafidtraledg sequeane Bisestpm ddvicen®? armchampiifer 54.

nodul ation. Interference |levels were assunmed to have no uncertainty.

Channel codin C %@& rdetadn, ph 120
of Figure S sﬁ%@s&?ﬁ@%er ordr?rll?lérlagg)ﬂg)gf rge{?(pect 8gglla\r{1@tsbef§mtm(g¢u1%ﬂg%0?rhgqui red
ES/No for a BLER of 10-' as a function of tine delay between the uplink
tine sl otmedilatedsignabis pastesithotgwgh anisolatorfo endradigted byanaptennaddmsessed by
the nunber of time slots. ES is the energy of the conplex synmbol. Figure 5

-15  dergpoin’ &t @dtebhiaély, 80K AnMritermYr &?é}@n%eufh@?ité@isf%daﬁs ?agehgnor ed,
the performance of the Conbinéd systemis al nost idéentical to that of

B

uncertainties, the transmtted power 5 | evel of the open |oop systemis
ei t her t dtheiyphobmotiolatibnwsead far ltiee mansmitied comhumicdtiongaa e ah2df tiosei gure 6,
a gain uncertainty of -2 dB was used. Figure 6 shows the BLER as a function

of the d [P ! efier enc I r set to
its corr gisng))cc)vr{ld?g]ngldﬁgrﬁﬁ(ﬂad @aftﬁeﬁgbﬁgﬁng&?r%Fﬁyﬂgggpg@g%%ylﬁ#éﬁggm% achi eve
a BLER of 10-'. Figure 6 shows that, in the presence of gain uncertainty,
bot h t he qradeaswisi phage stiff kayinge@FYb syst ens achi eve the desired BLER The
performance of the weighted open | oop system severely degrades. -16

CLAI M5 The antenna 82 or, alternately, antenna array of the transmitting station 112
15 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

20 estimation device 88 commonly uses the training sequence component in the

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



1. Anethod for controlling transm ssion power levels in a spread spectrum
time division duplex conmunication systemhaving franmes with tinme slots for
comuni cation) receiving at a first conmuni cation station conmuni cations
froma second communi cation station and determning an error rate of the
recei ved 5 communi cations (38, 39), producing target adjustnments as needed
based onTha obanneltinforanation iszsed (byothe data estimatipn glexidei 98 and ghpOWeEat i on
having a transm ssion power level in a first time slot and the target

adj ust mefleSsdefiEht 86vikd 93t communi cation station, receiving at the second
comuni cation station the target adjustnents and the first comunication
and neasuri ng power ] evel .of the first comuynication as 10 recejved (42,
26) . dot or i nT e BOVEAF IevED 66 The RIeASSE SORMIHOA S T G RO g b
received first comunication power |evel (43), the nethod characterized by:

setting gefbfeads Bhafied R ROWahedsared by e povae easdurdineny dieoizt i92anidseat second
time slot fromthe second station to the first station based on in part the

path | oss estimate weighted .b fir f r, .a.lapg.ter.m pat hl

oot i mat o PO coymation deugh el 1sb s, Hih Bhe Pl il By g by the
target adjustnents (47), wherein the first and second factors are a

functi onand tle dataessmptiomdevice 90 arheapable of apphraee the teferened ohannep. The

met hod of claim1 further characterized by the target level is a target

signal t ?r.ohﬁ‘%l‘?%{/ﬂ%tf Efgﬁg}%ﬁ@tff 9n antbfaticair %&@%@ﬁcﬁrlaﬁ{;ﬂfff@r £ ddsatber

characterize ustnents to the target signal to interference ratio

are limted to a naxi rumand m ni num val ue. 4. Trle n;%tho of claim 2
further BrRsestRghessacingd sigaplsy hedaeasursd rawrrdevelds agjugted 4o garrest for 25
deci bels to 4 decibels. 5. The nethod of claim2 further characterized by:

a target trdpMatofaRtsd derieasingiieh ehd pow@et nieagditamehpdevite 9Resreputhlosat i 0 s
SIR~c; a target adjustnent decreasing the target signal to interference

ratio is SIRDEC~ a.tapget. block error rate.is BLERT, ~CE L: d S S~DEC 1S
0 or mi nedfimgias e SE e ner pieRpentf dpfierringgemongnt §1in GuFfod of
claim5 further characterized by the BLERT,~GET is in the range of 1 %to
10% ' 7. lsdpéweihieald opén dbap nedntfaller ). chis abowni medfigyre i4, thheowter or rate
exceeds an upper or is below a | ower threshold, a target adjustnent is

o B o M S DL ST e e 4
92, pathloss estimation device 94, quality measurement device 94, tar‘get update
device 101, and transmit power calculation device 98.

15 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, Ty, may be sent along with the communication's data or in a signaling
channel. If the power level, Tgg, is sent along with the communication's data, the
data estimation device 90 interprets the power level and sends the interpreted power

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

station 30,, preferably the transmitted power level, Tgg, is sent via the broadcast

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

-10-



8. The method of claim7 further characterized by the target adjustnents
increasing the target level are transmtted as soon as an error count
exceeds an upper threshold. 9. The nmethod of claim 1l further characterized
by: determning a quality; a, of the pathloss estimte (45) based on in
part a nunber of tinme slots, D, between the first and second tinme slot; and
wherein the cbnnmlnléaatmmgpowexaleadthrg)&omttmrsdntfmnmnmcmudm‘atraix@nutirétbpdmémod
of claim9 further characterized by a maximumtinme slot delay is D~ and the

determ ned quality, i.s _determne (

The et hod Vel Tasnitd aghipst EoeGRAGIE evits 84 pfmandndlf mbi B drrtvherh 16 oy
delay is D~ ~"oW and the determned quality, a, is determned by a = ~ ~
1- (D 1)/ ( D~two'éatiohs 1107112, stépet3nreA ddidionbllg) alongltetmrdstiaate b thrcpahiczed by
the set transm ssion power |evel conpensates for differences in uplink and

firet stat: bm i epdeicdBello e Ludind B S AOHE P R FeS 630 Rl e

-19 14. The method of claiml further characterized by the first station
is aSuser equemapenTherldnghtermaveragesifahe pathless Ihatears aotiage of the patdpssad
spectrumtinme division duplex conmuni cation systemhaving a first ( 110)

and second ] C [ [.QF i A i . ith tinme
alots for bRk BB RARoE ol of P AL AL BTRE Y Adheme
fromthe second communication station ( 112) and determining an error rate
of the recelygdhé receivingistatiorohd() mayptransmiy a referencedpudtentransnittedeverd
based on in part the error rate, and transmtting a first comuni cation
having a tr

adi ust mont Ve AR Sl M6E pau By chnitih BeVio SBroviRks AfEehlFIVBISIR e,
the first communi cation and neasuring a power |evel of the first

communi cat | pathigssrlecei ved, and deternining a path |oss estimate based on in
part the 10 neasured received first conmunication power |evel the system
Chagget erized bYsifdaeTmes efdeisl dtdrafhid ddwhliAREN Shikk cORMAMiCAidHs fdthe
setting a transm ssion po | evel for a second co nicatron in a second
time slot fromthe second statlo to the first station based on in part
conbi ni ng tPPén‘beffefﬂuleaglé SPSEIHE: %éiogﬁ%%l% ese COPYNURISAHORS eéP‘Frb‘mfet #em 15
pat hl oss estimate wei ghted by a second factor and a target |evel adjusted
by the tar gsimika] Thinpidromenear Birefetded tb ias sécipraditye Eurdtofracipoocitygtike path
function of a tinme separation of the first and second tine slots. -20

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

15 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

20 time slots 36,-36,, the time slot delay between received and transmitted
communications may degrade the performance of an open loop power control

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

-11-



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 adjustnents to the target signal to interference ratio
are limted to a maxi mum and m ni rum val ue. 18. The system of claim 15
further characterized by each target adjustnent is in a range of 0.25

deci bels to e fiAted fRiusi valityeneasteementaleviced
by: if the géFc)ﬁ#gﬁg§¥¥%§%8£ﬁ§#§§pper g?h?g beﬂga?g Ioger threshol d, a
target adjustnment is transmtted; and if the errorrate is between the upper
and |l ower threshold, no target adjustnment 5 is transmtted. 20. The system
of claim19 further characterized by the target adj ustnents increasing the
target level are transmtted as soon as an error count exceeds an upper

t hreshold. -21 21. The systemof claim 15 further characterized by: the
second station (112) further conprises neans for determ ning~a quality, a,
of the pathloss estimate based on in part a nunber of tine slots, D,
between the first and second time slot; and 5 the first factor is a and the
second factor is 1-a. 22. The systemof claim2l1 further characterized by a
maximumtinme slot delay is D~ and the determ ned quality, a, is determ ned
by a=1- (D1)/(D',a,~1) . 23. The systemof claim 21 further
characterized by a maxi numallowed tinme slot delay is D"~ ~"oW and the
determned quality, a, is determned by a = ~ ( 1-(D1)/(D~-~uWa-1)~ 0~
24. The systemof claim 15 further characterized by the set transm ssion
power | evel conpensates for differences in the uplink and downlink gains.
25. The systemof claim 15 further characterized by the first station (110)
is a base station (30) and the second station ( 112) is a user equi pnment
(32). 26. The systemof claim 15 further characterized by the first station
( 110) is a user equipnent (32) and the second station ( 112) is a base
station (30). -22

.A@ . A5 . AH. A9. A59. A5L. AnL. A, 19. Al & A®. A5 . As& A@9. A Al & A5. A5r. A5r. A L. A
9. A AnL. A nL. A3[]hRIE®%T[ _ ¢
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VAF?t . @} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLca] ca] ca] ca] ca] ca&ca] ca] ca
] ca] ca] ca] ca] Exfaty balransmitpd &) 8 apuauragationtias the transmitting station 11

10%&' ()-9109%& ()-3@10%& ()-s10%& ()-¥S10%& ()- $109%& ()- R EdEs9! 109%& ()-s

109 () - $¢ poded by a8 %&efa)toneld@%&hé Haflis %ﬁé&d@ee?f@%g@ét{é{pe/&cfdkds
1098 ()-s*C10%: ()2 9Y( 10U () - SOA0%& ()- @A “c[dYNC 10 10

10<10%& )-s8 109%& ss6 10%& 109& 1 100 YNC °
16vBe: ( 5>th tfoznmm (%erlfn% er f@@@% @Q‘ata iy opigad @515
OAdEYNC 109B& () 109B& () 8&3%4.0YB& () 10988! () | 109B& () -

109B& () tinde- multﬁkﬂé(k@ with hQPABinE)eq denl:@%?&hc{ draining seQUBECeihseréon device
0L 0YB& () - &$&10YBE ()-° " 109B& () - "dYNC 10B 10B

s O O g

#uqdEYNC 11 109%g& ()- !10%& ()- YS&10%& () - llO‘Vg)
a communication burst. The spread signal is amplified by an amplifier 106 and

modulated by modulator 108 to radio frequency. The gain of the amplifier is
20 controlled by the transmit power calculation device 98 to achieve the determined
transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.
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1 10%g& ()- &F10%g& ()- e:dEYNC S/!10%& ()- , 10%& ()- *10%é& () -
3(g&10%g& ()- % 10%g& ()- f# "10%g& ()- :xnbC9! 10%g& ()- 10g 10g

10g° " <310%g& ()-6! 109%g& ()- 4g&L0%g& ()-1! 109%g& () -

8cnTdENDC@ 10%& ()-! 10%& ()- ~ 10%& ()- 10%g& ()-z10%g& ()-3 10%g& ()-
TVMMVHENDCY% 10%g&' () - #! 10%g&' ()- ! 10%& ()- ! 10%g& ()- S&10%g&' ()- ! 10%g& () -

MBPUWKAYNC 1 (@he F6lio viidgdsdnd@enipop/iaighiied dper 1b0ppswe) edrittdla¥gtithin
' S&10%g& ()- Xz5dEYNC L 1098& ()- $1098& ()- 3 S109B& ()-

10vge: () 0o g GBRESE febiplsgipl fone IR i <iBels, Poags digormined
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Prs = SIRparcer + Is + €(L-Ly) + Ly + CONSTANT VALUE Equation 2
5 The SIRprer has an adjusted value based on the received target adjustment
signals. For the downlink, the initial value of SIR ;,gger 1S known at the transmitting
station 112. For uplink power control, SIRqreer 15 signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted SIRy,gger may also be signaled. The adjusted SIRy,pcer is
10 limited to the maximum and minimum values. Iy is the measure of the interference
power level at the receiving station 110.
L is the path loss estimate in decibels, Tgq - 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
15 VALUE is a correction term. The CONSTANT VAILUE 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
20 CONSTANT VALUE is preferably sent via a Layer 3 message.

The weighting value, a, 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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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 o.

a=1-(D-1)(D,,-1) Equation 3
o =max {1-(D-1)/(D, .« . atowed -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, ,,, a0 is zero D, aioweq 1S the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D, ajiowes> OPED lOOp
power control is effectively turned off by setting o = 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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a UE'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 assigned one time slot per frame. The target for the block error rate is
10%. The SIRrazpger 1s 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 O db.

Graph 120 of Figure S 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 S
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In the presence of gain and interference uncertainties, the transmitted power

5 level of the open loop system is either too high or too low of the nomunal 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 1,rqer for each system was

set to its corresponding nominal value obtained from Figure 5, in order to achieve

aBLER of 10", Figure 6 shows that, in the presence of gain uncertainty, both the

10 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 atafirstcommunication station communications from
a second communication station and determining an error rate of the received
5 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
10 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
15 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 y;
a target adjustment decreasing the target signal to interference ratio is SIR pr;
a target block error rate is BLER 1prger; and

5 SIR e is determined by

SIRpgc = SIRe X BLERagger/(1-BLER rager)-

6. The method of claim 5 further characterized by the BLERpger is in

the range of 1% to 10%.

7. The method of claim 1 further characterized by:

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

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

5 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-D-1)/D,,-1).

11.  The method of claim 9 further characterized by a maximum allowed
time slot delay is D, aiowea a0d the determined quality, ¢, is determined by

o =max {1-(D-1)/(D, ax.aliowea-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 station is a

base station and the second station is a user equipment.
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equipment and the second station is a base station.

15. A spread spectrum time division duplex communication systemhaving
a first (110) and second (112) communication station, the system using frames with
time slots for communication, 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 level in a
first time slot and the target adjustments, the second station (112) receiving the target
adjustments and the first communication and measuring a power level 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 long 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 errorrate is between the upper and lower threshold, no target adjustment

5 is transmtted.

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 :

5 the first factor is o and the second factor is 1-c.

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

a=1- ([D-1)/{Dpar-1).

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

¢ =max {1'(D'1)/(Dmax-allowcd'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 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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