OUTER: LOOP/"WEI GHTED OPEN LOOP" POANER CONTROL IN'A  TIME DI VI SI ON DUPLEX )
COVMUNI CATI ON SYSTEM BACKGROUND This invention generally relates to spread
spectrumtinme division duplex (TDD) communication systens. Mre
‘particularly, the-present invention relates to a system and net hod
forcontrolling transm ssion power within TDD communi cation systens. Figure
1 depicts a wireless spread spectrumtinme division duplex (TDD)
comuni cati on system The systemhas a plurality of base stations 301-30,.
Each base station 301 communicates with user equipnment (tiEs) 32;-32, in

i ts oper ati nQUIER LOOPWERQHT od WAth g%m ion 301 to
a UE 221 are ref qmnwﬁ% PM@&@%@ amétions'
transmtted froma UE 3 0 a ta HiM o as upl.i nk
comuni cations. - In addition to communi cating over different frequency"
~'spectruns, spread spectrum TDD systens carry nultiple comunications over
‘the same spectrum. The nultipl eBAKREGROWND stingui shed by their"
respective chip code sequences (codes). Also, to nore efficiently use the
spread spect r unThitRRvensd | rat ' lLgure. 2 yse .repgeating
frames- 34 divided into aIﬁgén%%?n%futd?érsretgs{pg%dsdqﬁfk%é%ﬂe gﬁ’dﬂ‘m' PefXxt een
nicatigon:is sent in selected tine slots

tinme slots(T]j‘. stens, a co
361-36,, USI n]g) gei e(}]t%é(al OB gestens: Morginagrqnlagdydhe prsenGaveatiorersitiestoof
‘carrying nmultiple comrunications distinguished by both tine slot and code.
The conbi fa¥PigAand method forcontrolliqg transmission power within TDD communication

e

| AR systems.

Figure 1 depicts a wireless Spread'spe._ctrum-time division duplex (TDD)
'_communicaﬁon systém The As.ystem hasa lplura}ity of base stations 30,-30,. Each
- base station 30, communicates with user equipment (UEs) 32,-32, ih its operating
~ aréa. Communications transmitted from a base station 30, to a UE 32, are referred
to as dowz_nlin’k communications and communications transmitted ffox_n aUE 32, to

a base station 30, are referred to as uplink commﬁwﬁons.
| In addition to communicating over diffcrent frequency spectrums, spread
spectrum TDD systems cén'y multiple communications o‘ver the s@e 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
Figu;e 2 use repeatiné frames 34 divided itito a number of time slots 36,-36,,, such
as sixteen time slots. In such syétcms, a communication is sent in selected time siots
36,-36, using selected codes. Accordingly, one frame 34 is capal;le of carrying

-rpgltiple communications distinguished by both time slotand code. The combination



-1 of a single code in a single tinme slot is referred to as 'a resource
unit. Based on the bandwi dth required to support a communi cati on, one or
mul tiple resource units are assigned to that communication. Mst TDD
systens adaptively control transm ssion power levels. In a TDD system
many commruni cati ons may share the sanme tinme slot and spectrum Wen a UE
32, or base station 301 is receiving a specific comunication, all the

ot her  conmgpy &aky usin he sanme tine slot and spectrum cause

i nterference t%ﬁélﬁg%gﬂ)%ﬁisgﬁ ¢ UBkintile tefeond to ace comoung: tie BaedssH §si ON
power l-evel of one conmmunication degrades the signal quality of ‘all other

comuni cat i BAWItRReqRiradad suppore asbatmeioa e 6he Wi eduel ng the
transm ssion power |evel too far results i n undesi rde{@#\%\fg%oéjﬁé Sﬁgs.arﬁoi se-
rati os ( SNBsﬁgﬁmthatﬁdn?hn{Cgﬁgﬁ (BERs) at the receivers. To naintain
both the signal quality of commnications and | ow transm ssion power

i(t')mwer control is used. One approach using transm ssion
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| evel s, transm ﬁfo
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systemis described in U S Patent No. 5,056,109 (G| housen et al.). A .
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" reception, the received signal power is measured.

i s conpar ead UB32, 8ebhdeCatiGEahY i-gnal power.. Based on_the conparison,
control bit i szlsent to the tglr)’aﬁgr%é{'ltgg% %iSPﬁ%fjcicﬁ%'é%lFﬁ%OIb@Ud@@rcéh@i ng
fi xed amount. Since the receiver sends a control
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specific communication. Increasing the transmission power level of ‘one

o

-communication degradeé the signal quzility of all other communications within that
time slot and spectram. However, reducing the u‘aﬁsmission power level too far
'resqlts in undesirable signal to noise ratios (SNRs) and bit error rates (BER3s) at the
receivers. To maintain both the signal quality of communications and low
fransmission power levels, transmission power control is used. |
One approach using transmission power control in a code division multiple
_‘ access (CDMA) communication system is described in U.S. Patent No. 5,056,109
(Gilhousen et al.). Atransmitter 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 gi gnal power. Based on the comparison, a control
bit is sent to the transmitter either increasing or decreasin g transmission power by a
fixed amount. Since the receivér sends a control signal to the transmitter to control
the ransmitter's power level, such power conirol techniques are commonly referred

1o as closed loop.
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the transmtter's power |evel, such power control techniques are comonly
referred to as closed .loop. -2 Under certain conditions, the perfornmance
of closed | oop systens degrades. For instance, if conmunications sent
between-a UE and a base station are in a highly dynam c environnent, such
as due to the UE noving, such systens nmay not be-able to adapt fast-'enough
Co conpensate for the changes. The update rate of closed | oop power

control in TDD is typically 100 cycles per second. which is. not sufficjent -

for fast fadi MgnddresRaintoniiBods, tAéPedorinantesstl closeal loopayiients degrades.

controlling a transm ssion power. level of a nobile termnal in a satellite

an opon. | Aot esviRven tcopniRitone SR peR e ¥ R AN DRer Rallpafe MR

calculates the nobile terminal's power setting based on the str_ength of
the si gnaldynasteéndrbimant such asdins tocthe Erriexing, sneh systamsmayinohbe gkles i nt o
account the propagation delays of the satellite systemin the power setting

det er m nattb%ﬁﬁ}t&ﬁ% ehBﬁ%l‘P‘R%B ORa B f6FBR chah 6. St ke Rite 6\8l05&ERIoped

signal from ase statiron i1 n each frane"is conpared to the strength of

. the signal received | the preyjo frame. The tr .t _po of the
" nobi | et edAYERcoRgoLig TRPY Qﬂ‘r\?ﬁﬁys]gﬁvy WiStHgE ?W%‘?@Elﬁﬂ& %Qﬁﬁf”r?é'tt%ser ved
signal strength. U S. Patent. No. 5,542,111 discloses a nethod for

regul at i nfastfadiagichanwels. power control of a nobile station using long-term
and short-termtransm ssi on power .

r\ Ny WO 98 45962 A discloses a method for controlling a transmission power
o level of a mobile terminal'in.a satelfite communicaﬁon system. The power control
method has both a close;i-loop and an opgn-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takeg into’
accéun£ the propagation delays of -thé sat‘f_:llite systcm- in the power setting
- determination. For the"oﬁemlqop element, the strength of the received sighail from
the base station in each framc is compared to the strcngﬂl of tﬁe- signal received in_
the previous frame. The transmit power of the mobile terminal is adjusted ill_VGI'SGlj;'

| with the variations in the observed signal strength. |
U.S. Patent 'Nc_;T 5,542,111 discloses a method for rcgulatiﬁg transmission
power control of a mobile station using iong—term and shon-tgrm trans:nﬁssion ;;c;wer
control. Long—tei'mpowcr control occurs in a base station on the upper level forming

aclosed control loop. A decision authority statement is communicated from the base .

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



control. Long-ternpower control occurs in a base station on the upper |evel
formng a closed control |oop. A decision authority statenent is

comruni cated fromthe base station to the nobile station. The short term
transm ssion power level is determned -3 on the |ower |oop using an
identifier of the long termpower and the decision authority. European
Pat ent Publication Nunber 0462952 discloses a nethod for regulating power
in a di giemkherisidrdooueinigomy idgrdifienof the mpeaeriaiemer alitiie datisiom Nurber
0160030 dlliﬁ Pfes a nethod and apparatus for transmtter power control in
a cel | ul at“'P3dVo system Accordingly, there is a need for alternate

approaches to EErbpéa 'Patéﬁt%l:tﬁﬁéh'ﬂt}’mﬁéﬂoh@ﬂééi BREMsES LTIRYE for eve! s.

SUMVARY I n accordance with a first aspect of e present I nvention, there
i s proviregdating d@Q\W" it o /digita) hrsdbile p e phuany rsusﬂemi Eoropasant matéhng

i e v PRI MR oo e et mat ¢ ePoRBER o el ng:

a) receltmnsmlttdumwl@" coritiol #1 atdeliBlas kadio syse@iMUNi cation including a power
| evel ; b) neasuri ng Ia power | evel of said received comunication; c)
g

det erni ni ng a AGSRIHNGlYs sheret isnn dassséar plemate a:nproa@aﬁ;é@ummt@mer | evel

and the ggitfiotgtyRMAbw fRimis8f fwaakidy a transm ssion pover |evel
or

SUMMARY

In accordance with a first aspect of the present invention, there is
provided an outer loop/weighted open loop method for controlling
transmission power levels at a user equipment employing a spread spectrum
time division duplex technique having frames with time slots, comprising: a)

~ receiving, during a first time slot, a communication including a power level; b)
.measuring a power level of said received communication; ¢) determining a
path loss estimate based in part on the measured power level and the
‘received power level; and d) setting a transmission power level for
transmission, during a second time slot based in part on the path loss
estimate weighted by a first factor, a long term path loss estimate weighted by
a second factor and a target level adjusted by received target adjustments,
wherein the first and second factors are a function of a time separation of the

-first and second time slots.

In accordance with a second aspect of the present invention, there is
provided a method for controlling transmission power levels at a user
equipment employing a spread spectrum time division duplex technique
having frames with time slots for communication, comprising; a) receiving,
during a first time slot, a first communication target adjustment and a first

communication; b) measuring a power level of the first communication; c)
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transm ssion, during a second tinme slot based in part on the path |oss
estimate weighted by a first factor, a long termpath | oss estimate
wei ghted by a second factor and a target |evel adjusted by received target
adjustnments, wherein the first and second factors are a function of a tine
separation of the first and second tine slots. In accordance with a second
aspect of the present invention, there is provided a nethod for
cont r ol | idegemminingna pstrolosp estmatebeasad at part oagrowardeverabisinedat sidpng a

d t i e division. dupl ex techni havi ng_f ith ti
SFots t onoeamlHl sdfinge vabRRISen Fowsy 1RaLda dEnsmgs PR G & PR (i o
slot, a fdonrhuRRETIN ARINCR SEEIRS tiRfl Yk B¥ed2 i part bhSthe S&RMMcat i on;

b) neasuring a power |evel of the first conmunication, c) 3a deternining a
pat h | os £stiftatepvaighigddey arfirshfacton aplongrtersy phtiolassi esfiinate weigpted b) ; and

d) setti S5l far,. ransm ssion.of .a second
conmuni ca ignéé uri nmfgé:bgb'gg%@ggehrhgtvgvﬁ %@%éd?‘?fg@éﬁa tt%cgu tg’ﬁ{‘? | oss

esti mat e wiedrgint the firgt and isesbdnd fadtors a 4 QurbtioRadn Pakle dasralsh bffHee

wei ght ed ty a second factor, and a target |evel adjusted by the target

adj ust mef¥stanggecand ime siqtest and second factors are a function of a tine
separation of the first and second tine slots. 3b BRI EF DESCRI PTI ON OF THE
DRAW NGS
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Figure 1 illustrates a prior art TDD system Figure 2 illustrates tine
slots in repeating franes of a TDD system Figure 3 is a flow chart of
out er | oop/ wei ghted open | oop power control. Figure 4 is a di agram of
conponents of two conmunication stations using outer |oop/weighted open

| oop power control. Figure 5 is a graph of the perfornmance of outer

| oop/ wei ght ed open | oop, weighted open |oop and cl osed | oop power control
systens. Figure 6 is a graph of the three systens perfornmance in terns of

Bl ock Error Rate (BLEBRIEEDESCRIPERSR 6F ENrbRAGFIRREGERRED EMBODI MENTS

The preferred enbodi nents will be described wth reference to the draw ng.

figures where |ikgupe e en l.ke el ements throughout. Quter
| oop/ wei ght ed ope%uI oggrlg%%és %@‘ﬁ‘?ﬁ?{hﬁﬁﬁyﬁ%xm ai ned using the flow
chart of Figur ;1,,3 and .the conponents of two sinplified conmunication

stations 110, 112'1g¥re dilugitates thne shots in.repeatinghfearhed OO gystgtssi on, the

comuni cation station having its transnmitter's power controlled is
referred to as thigui¢ ARsa¥lolW ARSI 0ddAv Lgatlon station
recei ving power controlled conmunicati oﬁsﬂ,i ségglfzglraﬁg%ﬁ?%@weﬁwg%&ei vi ng
station 110. Sir l.oop/ wei.ght ed open | oop power. control may be used
for uplink,. dovxllﬁgllJ ir)l‘%i‘& i%ag ytggmafm@ﬁmwe&pmwcam statdorsnusingr
controll ed may be associated with the base stati-on 30" UE

having its %o r L
32, or - 4outerloop/weighted open loop power control.

( Figure 5 is a graph of the performance of outer -loop/weighfcd open loop,

weighted open loop and closed loop power control systems,

Figure6 is a graph of the three systems performance in terms of Block Error

Rate (BLER).

~DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENTS
The preferrcd embodiments will be descriBed with-refcrcﬁce to the drawing.
figures where like numerals represent like elements ﬂnouéhout. Outer
loop/weighted open loop power control will be cxblai_ned using the flow chart of
. Figure 3 and the componehts of two simﬁliﬁed communication stations 110, 112 as
s%lown in Fignre 4. For the following discussion, the communication station havin g
 its transmitter's power controlled is referred to as the h“ax;smitting 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

4.



both. Accordingly, if both uplink and downlink power control are used, the
receiving and transmtting station's conponents are associated with both
the base station 30, and UE 321. The receiving station 110 receives
various radi o frequency signals including conmmunications 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

denodul 6 -nLed ' The baseband si i
o ocossed. Poucn iR E B, TRRER A, BLARR bl R e bRt St on

device 72, in. .the tinme slots and with the appropriate ¢odes assigned to
t he transnttHAp é"?‘iﬂlﬁaﬂﬁn’glngcﬁmﬂﬁ E%PP‘HWPtSTigé aé&%ﬂﬂtﬁﬂ watd: bethithe §9%fevi ce 70

commonly uses the training sequence conponent in the baseband signal to
provi de chaitien 30ningrBBBR2on, such as channel inpul se responses. The
channel information is used by the data estimation device 72, the

interference NERs eIV st A20 "rdceivl dvdridas trﬁcH@Sﬂ’égh Wi EnaAa likdilddadgl on
device 76. The data estimation device 72 recovers a?ggfr%llmthe (?%{aglnnel by

est| TR 0oty UG SoS UG SR 19BN SR Py e
ot oct | on BUTPUEH: B SREBUET SP el Forveh g gre e o) fcal |y a
circular redundancy code (CRC) followed by a forward error correction
encodi ng, &olalsighoct drmodulayqred tofpreducera mudhand signalc berbasehayd dgnalised.
Usi ng the soft synbols produced by the data estinmation device 72, an error
processed, such as by a channel estimation device 70 and a data estimation device 72, in
the time slots and with the appropriate codes assigned to the transmitting station's
communication. The channel estimation device 70 commonly uses the training
sequence component in the baseband signal to provide channel information, such és
channel impulse responses. The channel information is used by the data estimation
device 72, the interference measurement device 74, and the transmit power calculation
- device 76. The data estimation device 72 recovers data from the 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).folléwed 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 113 detects errors in the soft symbols. A processor 111 analyzes the
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detection device 113 detects errors in the soft synbols. A processor 111
anal yzes the -5 detected error and determnes an error rate for the

- recet ved comuni cation, step 39. Based on thé error rate, the processor
111 determines the anount, if any, a target |evel, such as a target signal
to interference ration (SIRTARGsr), needs to be changed at the
transmtting station 112, step 40. Based on the determ ned anount, a target
adj ust ment. signal is generated by the target adjustnent generator 114. The:

target adiissiciRiforiafid deRemities ahleyros Rk forthd Reeivedeomrhiniogion, step@8, step.
41. The'target adjustnent is signaled to the transmtting station 112,

such as usgjing,a dedicated o a reference channel. One technique to
det er mi ne%taﬁ‘éd QRO ETIBF Ty gmqﬁssqrﬁ}hgctpgp@g{s ﬂP%G’éP“B@éEaﬂ%r? r and
| ower threshold. If the determ ned error rate exceeds an upper threshold,

t he tar gelevet\sath asa sepetigmd to mefepnediaion (SIR pygly) areddn tecbis changod
I ncreased. A target |evel adjustnent signal is sent indicating an increase

in the tar I o 1k TS : s hel d

t hr eshol d?pﬁ‘ﬁéf@gﬁg@gl S&‘?}%‘iﬁéﬁg{ﬂg. ggﬁ%‘g‘?&%‘g‘%&. “93 hailﬁg%'iull%’ea?/%&;nd t he
target level can be decreased. By reducing the. target |evel, the
‘transnit t Adigsaoentistgnal ingonorated by the sargelcadiastment gererptoy il chheteegfte to
ot her communi cations using the sane tine slot and spectrum To i nprove.

per f or Manggus@nt 99 RubSequiRtF LERN tof MetraaRelly stticHppRp 41.nThe Ardar get
adjustnent is sent. As ‘a result, high error rates are I nproved. qui ckly and

over err o 1 ales are, g oSty ST TS, ARG RBIng P aaRERRES: | T Lhe

é‘,[._.por rat
a reference channel.
One technique to determine the amount of adjusﬁnent in thé targcf level nses
an upper and léwa;r threshold. If the determined error rate exceeds an upper
threshold, the target Ic'vel is set at an unacceptably low level and needs to 'be
increased: A targetlevel adjpstment signai is sentindicating an increase in the targ:;t
- -le_VelA. If the determined errorrate is bclow-'a second ﬁmeshold, the target level is s.et
at an unnecessarily high level and the target level can be decreased. By reducing the -
o target levei, the transmitting station's power Ievcl-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 tafget adjustment is
sent. Asa result, high error rates are improved quickly and lower error rates are
adjusted slowly,_such as once per 10 seconds. I the error rate is between the
thresholds, a target adjustrhent 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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threshol ds, a target adjustnment is not sent maintaining the sanme target
tevel . Applying the above technique to a system using CRC and FEC encodi ng
foll ows. Each CRC block is checked for an error. Each tinme a frame is
determned -6 to have an error, a counter is increnmented. As soon as the
counter exceeds an upper threshold, such as 1.5 to 2 tines the desired

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

i ncrease i riofiak¥e S APARGRGUNtdrds Berdman®dR A3 sodﬂhs@ebﬁunt&b’&ta@@ﬂlééﬁd ef range
of 0.25 dBto 4 dB. If the nunber of CRC franes encountered exceeds a

predet er m ngshoi & ue of t nter is
~conpar ed to a omeru%l?tlrégs ’glstglijéﬁgrclz‘% @8%3‘554@1‘?? ??ﬁr@eqﬁe%sﬁrtéchLER.
If the n@r of counted bl ock errors is below the |ower threshold, a

t ar get adj g increagiag: thadargeadeve). t Re adingfethel 8TRY 5 e SIARERC. A
typi cal ‘range of Sl RDEC is 0.25. to 4 dB. The value of SIRDEC nay be based

on Sl R NG &ndsmitting geatidl. B, mermdsreg@tﬁ, the BRRTARCE senth&TRL is
- based on the type of service. A typical rangeligg_é t he gtLSEIﬁ' |ES 0.1%

to 10% eterm ni ng S| RDEC.
S RDEe = S RO R R 95 B AR ARBARC of R 7 8meY enchunescht. 1 <

bet ween the_threshol ds for the pr edet er mi ned block limt, a target

adj ust ment SXFEGAS R Predpisrminac limp, seghnas é090 bk)dﬂsngieevaltw eftibé donayr fse used.

I'f the error rate exceeds the
( compared to a lower threshold, such as 0.2 to 0.6 times the desired BLER. If the

number of counted block errors 1s below the lower threshold, a target adjustmcnt
signal is sent decreasmg the target level SIRDEC A typical range of SIR;is 0.25
to 4 dB. The value of SIR pg. may be based on SIR,NC and a target block error rate,
BLER4rcer- The BLERTARGET is based on the type of service. A typical range for
the BLERspger is 0.1% to 10%. Equation 1 illustrates one such approach for
determining STR . |
SIRpgc = STRpy: X BLERppgger/(1 - BLER pxpcer)  Equation1
" 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 |
th_rcshold, the terget level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjttstrnent signal may have several
adjustment levels, such as from 0 dB to +4 dB in 0.25 d]_3 increments based on the

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



threshold, the target level is increased. If the error rate is below the
threshold, the target is decreased. Additionally, the target |evel

adj ust rent signal may have several adjustment |evels, such as fromO dB to
4 dBin 0.25 dB increnents based on the difference between the determ ned
error rate and the desired error rate. -7 The interference neasurenent
device 74 of the receiving station 110 determ nes the interference |evel

in dB, |as,tithi ' -the_ch el .information,
or the sofiTH itcfrbdl€ iSOty ROREGAA B\ NEM N SRR BIRG TRE D1
Usi the soft. s ol.s channel information, the transmt power

ca: ggl ati onm&eé(‘?fe@éeng%d&%%f}% &ithypthe IPE%"&FIVPWI ex sithep e ﬁlr@f?lp@%qoén power

|l evel by controlling the gain of an anplifier 54. For use in estimating
t he pat hl os@ tbesefesmlolreganereted by hy datdetimatomilevider’d, ot bath.odsing 1@ sof112 and
sending data, the receiving station 110 sends a communication to the

transm tti ngmislsdnd @harhtPinfeingford fhe tbASmE PEWE dalualation d&BE TEconRdk den any
.one of the various channels. Typically; in a TDD system the channels used

For oSt TR G s E LA By B SLEIENER G B Rer gl L OUS"

ot her channel s e useo receiving s a base station

301, the colg‘mmi cation .is _preferably sent over. a ownl i nk conmmon channel
or a cormon EHRE FbFUBRYLEE g‘%pa %?ﬁﬁg%eﬁe;gﬁdqyﬂﬂﬁglagg{falsﬁgtmg@?@%lé ted to
the transmtting station 112 over the reference channel is referred to as
reference c sendingalatarihe raceiing siatien Hid sandssa,conmainipdtion teshestramamittinghe
interference level, las, multiplexed with other reference data, such as
the transmi saioarllgpwep 41eVidk.cotmfmidatidre mlagT eN st logValy, onkast, tiandari@dser ence
channel power |evel, may be sent in other channels,

channels. Typically, in a TDD system, the channels used for estimating pathloss

are referred to as reference channels, although other channels may be used. If the
receiving station 110 is ‘a base station 30, the communication 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,
Irs, multiplexed with other reference data, such as the transmission power level. The
interference level, Igs, and reference channel power level; 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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such as a signaling channel. The reference channel datais generated by a
reference channel data generator 56. The reference data is assigned one or-
mul tiple resource units based on the comrunication's bandw dth '

requi rements. "A spreading and training sequence insertion device 58
spreads the reference channel data and nmakes the spread -8 reference data
time-nultiplexed with a training sequence in the appropriate tinme slots

and codes of, the 3ssi_gned resource units. The resulting sequence is
referred t&clgEense daia fimemultinloredsuith s training sequencaixieiapprdpriase tiis stots
subsequently anplified by an anplifier 60. The anplified comuni.cation -

burst nmay bed sodesed thy afiGDrE@ireSunie? MeBsAfYe of Gt Qry burst
created through devices, g?ﬁch as a data generat%r %ﬂcggﬁggﬁ?ﬁg&éﬁg
l.ifier 54. The summed

training s I s i.on.device 52 and,anpl. U

““communi cat ?on Eur%athgﬁgirugtho b Vs e v 1oy OWH&]%?& SHosequenthpamptiod hyaa si gnal
is passed thorough an isolator 66 and radiated by an antenna 78 as. shown
or, alter namglifier §G Bhgpmplifiethcemnmninatioy buithmay ddisatreded bgashmideviRassed

t hrough a wireless radi o channel 80 to an -antenna 82 of the transmtting
station 1162 witthént ¥eRr bniRek a4 r ! | t Q pi cation
can be any of thos}fa known to Fﬂ(ﬁ)se gﬁ?ﬁ%g%ai#%g g‘?{l,éggélf&lﬁﬁfgad Pact
phase shi f

Keyi DPSK) or yadrature phase, shjft keying (QPSK). The
ant enna 8: %‘r%?f*é’f@e ShEeE ang HIRiRg SsgveRg Bcrlion devinessd fa ﬂ@gﬁ@lﬁ‘bn 112
recei ves various radio frequency signals including the target adjustnents.
The received sthgrimmed copessschtionrtougharmoddhRt®Gy 8mddulaoe40TyL at or 86
to:;pr oduce a ' :
- modulated signal is passed thorough an isolator 66 and radiated by an antenna 78 as.
shown or, alternately, through an antenna array. ‘The radiated signal is passed
through a wireless radio channel 80 to an antenna 82 of the transmiitting station 112.
The type of modulation used for the transmitted communication can be any of those
known to those skilled in the art, such as direct phase shift keying (DPSK) or
‘quadrature phase shift keying (QPSK). |

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 recéiving 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.



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 comruni cation burst of the
receiving station 110. The channel estimation device 88 commonly uses the
trai ni ng sequence conponent in the baseband signal to provide channel

i nformati on, such as channel inpul se responses. -9 The channel information

i db LBt | devi 90,.and J devi
02, "“The povol® PR BROLAENGP D S8 G e e S P B sy FESIOHE RobET  ho

reference channel, Rrs, is neasured by the power neasurenent device 92 and
sent to a 'PeasHIcHst deiGof i on device 94, step 42. Both the channel
estimation device 88 and the data estimtion device 90 are capabl e of

separating the Thé ejoavgeleotiapnehe fpreddsad cOmfifihicaibRNdd@leSporkdingdfo aHé onati ¢
gain control device or anplifier is used for processing t%e recei ved

sin co s usex the “received
I T e A R T L

estimation device 94. . The, r measurenent. device is a_conmponent of an
oot er | oop/HONOR CAT ISV isa 0 Hgh APy the BAnSlsamBIn AV TRATE Be 1 o

outer | oop/weighted open | oop controller 100 conprises the power
measur ementdagiesslimetiopdevics W) s sapablei afa¢naoating ¢he weréte chaymal frémy alredsnr emrent
device 96, target update device 101, and transmt power calculation device

98. To det eghahuitss. Then Rabali®%sin dentrbNGevideatSafflifieP S Sdedt foP Probdsding! RO

requires the
received signals, the measured power level is adjusted to correct for the gain of these
devices at either the power measurement device 92 or pathloss estimation device 94.
The power measurement device is a component of an outer loop/weighted open loop
controller 100. As shown in Figure 4, the outer loop/weighted open loop controller
100 comprises the power measurement device 92, pathloss estimation device 94,
quality measurement device 96, 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 lével, Trs. The communication's transmitted power
level, Tgs, may be sent along with the communication's data or in a signaling channel. If
the power level, Tgs, is sent along with the communication's data, the data estimation
device 90 interprets the power level and sends the interpreted power level to the pathloss
estimation device 94. If the receiving station 110 is a base station 30,, preferably the

transmitted power level, Tgs, is sent via the broadcast channel (BCH) from the

base station 30,. By subtracting the received

-10-



comuni cation's transmtted power |evel, TRS. The communication's
transmitted power level, TRS, nay be sent along with the communication's
data‘‘or in a signaling channel. If the power level, TRS, is sent along
with the communication's data, the data estimation device 90 interprets
the power |evel and sends the interpreted power |level to the pathloss
estimation device 94. If the receiving station 110 is a base station 301,
preferably the transnmtted power level, TRS, is sent via the broadcast

" channel ( BespmpnisaiomepowerdeveliBusi amsha senpgommmmicationsdransmittedpowery - 10

communication's power level, R's, fromthe sent communication's -

transmtt oyer Wl s dipnatioReicdv e DEsfingabs thtjaanlcieML, Rt @depdid Mat es
the path ﬁg‘srésl,'wﬁ,'ﬂ})é vveggsthe two stations 110, 1J’?2 step 43. '

Addi tional l'y, a.long termestinate, of the pathloss. Lo is.updaied, step
24 One oxeimaion 0o 40 ek taadtiduenalls b (i cptigivg of B PR Ssage.
The I ong term average of the pathloss, Lo, is an average of the pathl oss

estimtes.L] is'l_fpara od, $tep 4y Dricwxampleosf ehdigabon pathdossesiimgtetiba longtesmi t-t ed
power |evel, Rs, the receiving station 110 may transmt a reference for

the transnitted I I . tye . ' td | devi ce
94 provi dé¥ efa&ce%ngé%fgv?ﬂgge #ﬁ?‘e éa Sg’ss?’ ‘f%%ﬁk’ﬁfz‘?%g@?@gﬁ?
transmt downlink and uplink conmunications in the sange frequency

spect rum estmmatesndn cer6HB Sttﬁ%tyélscmﬂioéﬁapﬁﬁgﬁégﬂéﬂf@?fé@“&ij@o“é‘?fiﬂe&r. Thi s
phenonenon is referred to as reciprocity. Due to reciprocity, the path

Ia(s:.’z s experfgngedeéaving a0 faywiddsnad & eefefereefor tentanshitted! frawerpl i nk
.ang vi ce '

level. In that case, the pathloss estimation devicé 94 provides reference levels for the
 pathiloss, L.
| Since TDD systems transmit downlink and uplink communications in the
_same. frequency sﬁectrum, the conditions thesé conumunications 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 VICc
- versa. By adding the esﬁmated path loss to a target level, a transmission power level
for a commmunication from the transmitting station 112 to the ;eceiving station 110
is determined.
If a time delay exists between the estimated path loss and the ransmitted
| commuﬁication, the path loss experienced by the tgnsmittcd communication may
dliffcr from the calculated ldés. In TDD where communications are sent in differing
time slots 36;-36,, the time slot delay bletv‘vecn received and transmitted
communications may degrade the pcrfor[;:ance of an open loop power control

sys%,_em. To -overcome these- drawbacks, weighted open loop power control

-11-



versa By adding the estimted path loss to a target |evel, a transm ssion
power level for a comrunication fromthe transmtting station 112 to the
receiving station 110 is determned. If a tine delay exists between the
estimated path loss and the transnmitted comrunication, the path | oss
experienced by the.transmtted communication may differ fromthe
calculated loss. In TDD where communications are sent in differing tine
~slots 36i- 360, the tinme slot delay betmeen received and transmtted

comuni catd.pns: hayy, ?‘%ﬂﬁgs %Ja%sgﬁﬁf(eg l%gzlg 7 TR Hetigat 1 O
system To overcone thes melg e ogen Poop power control -U
det érm nes the qualityof the estimated path.loss using a quality
measurenent device -ila 96, step 45, and weights the estinmted 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 usted. A processor 103 converts the soft synbols produced by the data,
estimation device 90 to bits and extracts the target adjustnent
information, such as a SIRTARCET adjustnment. A target update device 101
adjusts the target level using the target adjustnents, step 46. The target
l evel maybe a S| RTARCET or a target- received power |evel at. the receiving
station 110. The transmt power cal cul ation deV|ce 98 conbi nes the adjusted
target l'eve

- -11a-



wi'th the weighted path |loss estimate,. L, and | ong tern1average of the
pathl oss estimate, Lo, to determne the transnission power |evel of the
transmtting station, step 47. Data to be transmitted in a comunication
~fromthe transmitting station 112 is. produced by data generator 102. The
data is error detection/correction encoded by error detection/correction
encoder 110. The error encoded data is spread and tine-nultiplexed with a
training sequence by the training sequence insertion device 104 in the

appr opr i at % ishep 45pund arightedhs csfimated iloseshobRER t ci ng
a conmuni cation burst. The spread si gnall‘@(ifﬂs:i anpl |cf|edgné”ciaalr:illﬂgrr%flgfttlggtg]'}ll 106

and nodul q{vggh of . 108 to radio frequency. The gain of the
anplifier ont ?P?#ALQ}O% °ne transmt power cal culation device 98 to

‘achi eve the det gr m ned transm ssion power |evel. The power controlled
comruni cat i on buiPHIRECGHP @aﬂaﬂcﬁrf@ﬂlgﬁ intmiterdobplvei gladd apeh toiqj altggeby the
antenna 82. -12 The following is one outer | oop/weighted open | oop power *

control al dowel isadjustdheAt pransssor 103 Sodé s tﬁ@%oﬁ sgﬁﬂaﬁrﬁéﬁw tfe'da }evel ! n

deci bel s, PTS, is determ ned using Equation'
The S RTARGET has an adj usted

a(L-Lo) + ation
V§i| ue %)aseg on Wl VQ}BE%\?%E?X%% ﬁgﬁFta usimgneinfemRatione sedvas i nk,

the initial ue of ‘SIRTARGELl is known at the transmitting station 112.
For upI i nka§£§m«6m6 fiustmentspRmygREEpdits deviga 20 badjfists the thezet e8] YiRgthe

target ad;ustments, step 46. The targfat level may be a SIR ey OF a target received
- power level at the receiving station 110, ' .- ’
The transmit power calculation device 98 combines the adjusted target level |
_with the weighted path Ioss est_imate,L, and long term average of tﬁe pf;thloss
estimate, L, to determine the transmission ‘power level of the transmitting station,.
step 47.
Data to be transmitted in a communication from the &ansrrﬁttiﬁg station 112
 is produced by data generator 102. The data is error detection/correction encoded
o by error detection/correction encoder 110. The error encoded data is spread and
time—mlﬂtiple-xed with a training sequence by the training. sequence insertion device
104 in the appropriate time slots and codes of the assigned resource units producing
4 communication burst. The spread signal is amplified by an ampli.f-ier 106 and
modulatcd by modulator 108 to radio frequcncy The gain of the amphﬁer is
controlled by the transmit power calculation dewce 98 to achieve the determined
transmission power level. The power controlled communication burst is passed '

through the 1solator 84 and radiated by the antcnna 82.

- =12- '.



station 110 to the transmitting station 112. Additionally, a maxi nrum and

m nimum value for an adjusted SI RTARGET may al so be signal ed: The adj usted
SIRTARAi is limted to the maxi nrumand m ni mumvalues. | is the neasure
of the interference power |evel at the receiving station 110. L is the
path | oss estimate in decibels, T - RT8, for the nost recent tine slot
361=36" that the path loss was estimated. Lo, the |long term average of the
path loss in decibels, is the running average of the pathloss estimte, L.

The CONSTANT _VRtiedellowiieis ohb eater Ribpd @éighicTBPoiIONBIANTer VOhbE: A0GAGEL S T 0!

differences in the uplink and downli nk channels, as conpensate for
di fferencep,d Lk downl i nk.gai n. Additionally, the CONSTANT VALUE
ey provi gghéc%?#ie}%ﬁ}lﬁ’nﬂ SRS R PO%BQSYCIFBF@PEWI% Pradefetermingd
receiving statjion is transmtted, instead of the actual transmt power,

L TRs. |f t hemekguation2st ation 110 is a base station, the CONSTANT VALUE is
preferably sent via a Layer 3 nessage. The weighting value, a, is a neasure

of the qualitypof=tSR, &sLiptedoparh Less ' g';lgﬁﬁb » sed on the
nunber of ti rrra'l)(sﬁr ots B‘g%&%"“sbet gAL/eer(i) t hé t??reﬂgg o#, 18R, lI%qua?ﬁ;gefast
path | oss esti nd the first tipme slot of the communication transmtted
by the transm ﬁ%%&ﬁﬁ‘t‘@fﬁ ag J“Sﬁ&#‘é@%ﬁ@ﬂnah%ecsmﬁewh@smm one.
Generally, if the time difference between the tine slots is snmall, the

recent pafignplss Fortheidemndinki the ibisial walne pf SERGEaiskmwh & thetra®¥miafnga val ue

close to one. By contrast, if the tinme difference is large, the path |oss

estimat e smyon Q2D PRGN BoRBF cbitboll S, L SN Tk JHH AP BA B)e 1%38iving

~ neasurenent. is
' station 110 to the transmitting station 112. Additionally, a maximum and minimum

value for an adjusted SIRy,pqer may also be signaled.” The adjusted SIRy,pgp; is
limited to the maximum énd minimum values. Ipqis the measure of the interference

- power level at the receiving station 110.
| -.L xs the path loss estimate in decibels, Tys ~ Rys, for the most recent time slot
36,-36, that the path loss was estimated. Ly, the Idng term average of ‘the path loss
in decibels, is the runni;lg_ average c;f the pathloss estimate, 1.. The CONSTAﬁT

VALUE is a correction term. The CONSTANT VALUE corrects for differences in

I

the uplink and downlink chzinnels, such as to compensate for differences in uplink
‘and downlink gain. Additionally, the CONSTANT VALUE may prdvide correction
if the transmit power reference level of the receiving station is transmitted, instead
of the actual.n'ansnﬁt power, Tge. If th.c receiving station 110 is a base station, the .
CON STANT 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,

-13-



nost likely a better estimate for the path |oss. Accordingly, ais set at a
val ue closer to zero. Equations 3 and 4 are equations for determning a. a
=1- (D-1)/(Dmax 1) Equation 3 a =maxP-(D-ly(D~_ -1),CG Equation 4 The
value, D, is the nunber of tine slots 361-36" between the time slot of the
| ast path loss estimate and the first tinme slot of the transmtted
comuni cation which will be referred to as the tine slot delay. If the
delay is one tinme slot, ais one. D. is the maxi num possible delay. A
typi cal valwef thedastpath dose estamate gnd the fiess timd sies of It nirsurgeatien frapdmittdde del ay
is D,, , ais zeroD ,,,dis the maxinumallowed tine slot delay for

usi ng open bl dgPrfLMting Sidh 192, THefvalub &F B8t BitweXLR8S dnddne, Generally; H theopeN
| oop power control is effectively turned off by setting a = 0. Using the

transmt p it R befibin ﬂlgq%‘r%r %@ﬁ%ﬂgﬁ e %@ﬁ%%%‘#ﬂ%g%%t? gviﬁ Iﬁésj {“agryt ?n

device 98 the transmt powe e transm

Figures 5 and 6 caonpare the performance of the weighted outer |oop/open

| oop, opeﬁcqu%‘?)ar%iﬂglsﬁt(?ééaal%ﬁlﬁses@%%%{w?ﬁ%gtaéfthﬁ idffeeenpeyistarge; tes 5 and
6 were -14 performed for a slightly different version of the outer

| oop/ wei ghtpaiti laspestimiateapay et braccdrataand the tonp sermavariagapath has treagedmit R i s
updat ed every block. A SIRTARCET is increased if a block error was

det ect ed anthstlikdl abeflerl dstimbte Th0hY pahI164s. W@@or@iﬁéﬁa& @het at lNIRUISEr to

| oop/ wei ght ed open | oop system used Equation 2. uation 3 was used to
cal cul ate QeroThe si mul ati ons conpared the performance of the systens
controlling

Equations 3 and 4 are equations for determining a.

a =1-(D-=1D(Dna-l) Equation 3
¢ =max {HD-I(Dyex_atowea -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, o is one. Dy, is the maximum
possible delay. A typical value for a frame having fifteen time slots is seven. If the delay is
Digaxs 0 18 Z€10 Dy aliowed 15 the maximum allowed time slot delay for using open loop power
control. If the delay exceeds Dpuy.aiowes; Open loop power control is effectively turned off
by setting o = 0. Using the transmit power level, Pys, 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 léop/open loop,

open loop and closed loop systems. The simulations in Figures 5 and 6 were



a 'UE' s 321 transm ssion power |level. For the sinulations, 16 CRC bits were
padded every block.- In the sinulation, each block was 4 franes. A bl ock
error was declared when at least two raw bit errors occur over a bl ock.
The uplink communication channel is assigned one time slot per frame. The
target for the block error rate is 10% The SIRTcfl. is updated every 4
frames. The sinul ations address the .performance of these systens for a UE
321 traveling at 30 kiloneters per hour. The sinulated base station used
two ant ennapeifoenesd for & alighy différent %ﬂsibn@ﬂw%ﬁt@f‘ﬂ%g/ﬁ@iéh{& 8%%1{‘ &
alrstic

finger RAKE receiver. The sinulation approxinmated a real ann and
SIR estimati ‘hase ) le se ce of burst pe 1 field in the
presence of h%gﬁﬂﬁtﬁf‘vg“mf 3’ g{fs‘&é{ﬁ;}&, %fgﬁtg:?ﬁgls('ﬂwwﬂ%%@%l‘%tS%Ammﬁ an

| nternati onal Teédei&omni cation Union (ITU) Pedestrian B type channel and
QPSK  nodul Bieresaed if aidogkgrearyensidetestes anst decomseshid dotbdodloareompasdteté@i nt .
Channel coding schenes were not considered. Lo was set at 0 db. G aph 120
of Figure SThhiowsr koop/weiEh@el BRRS foopSsyRitREsat it i Lhed
Es/No for a BLER of 10 gs a%unctoi%(s)sggof time %é@i%zlg%g{ﬁbﬁﬁe&%g#ﬂk

time slot gecent. downlink tine slot. The delay is. expressed by
the nunbe?t’ag‘%‘fctB ?‘rtrégg :m%%‘m“gm%wlﬁ‘@a@ﬂéﬁ’w TIMaREe eidRe FEstesy agrrollicg gure 5
- 15 denonst rﬁégs that, when gain/interference uncertainties are ignored,

‘'t he perf or rfenEé 320Fa@31@13€i@n’pbwenle§y}s tHEmthesiatulaticns] HEORICbits Werelpadticdf

wei ght ed open | oop system The conbi ned system out perforns the closed | oop
SSt em for eakty tﬂ@iﬁﬁ}lﬁ-ﬂm simulation, each block was 4 frames. A block error was declared

when at léast two raw bit errors occur over a block. The uplink communication
channel is assignef.:i dne time slot per frame. The target for the block error rate is
10%. The SIRpspeer is updated every 4 frames. The simulations address the
performance of these éystems for a UE 32, traveling at 30 kilometers per hour. The
Simulated base station used two antenna diversity for reception with each antenna
_ hal.f.ring‘ a threé finger RAKE receiver. The sifrmlatidn approxirhated a realistic
channel anﬁ SIR estimation based on a midamble sequence of burst type 1 field in
the {prescnce of additive white Gaussianr noise (AWGN). The simulation used an
International Telecommunication Union (ITU)Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertaiﬁty. Channél
coding schemes were not considered. .Lo-was set at O 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
. ﬁmc slot and the most recent downlink time slot. The delay is expressed by the

number of time slots. Es is the energy of the complex symbol. Figure 5
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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
nom nal 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 SI RTARGET for each systemwas set to its correspondi ng nom na
val ue obtained fromFigure 5 1in order to achieve a BLER of 10-'. Figure 6
shows that, .in the presence of gain uncertainty, both the conbined and

cl osed | oopYSYeRTRicsEH) when gain/intesferande Bh&staiithe ap@fgh@fdﬁﬁﬂfe@eﬁfomﬁﬂé‘e
wei ght ed open | oop system severely degrades. -16 CLAIMS: 1.

f
out er | oop/ wef Giet exinipiged kmm%%&tégﬁﬁ%gf?{&w?wﬁgﬁ% {S?f)[gl?@ﬁbomr I eveI s

at a user equi neat enploying a spr

techni que 4 I ots, .conprisin recei ving, duri ng
a first ti rreﬂés{{:&gbmcagg “JEB"F‘% doop ssiomn ?¢I@Ld¢lay$) measuring a
power |evel of said recei ved comruni catl on; ¢) '

det er i ni ngapat HPGB%E@WW@@MW&J&&W&QM@@@Qﬂ@&hﬁﬁﬁitﬁ:ﬁ ov&é?e

received power |evel; and d) setting a transnission power |evel for
transm ssi dav&ilmlfltlﬁtgopcnslﬁé te T eRhG! ﬂ%ﬁ the pat SS
_estimte weighted by aflgs Fact or oa0? &etggl&gﬂﬁ[ﬁ %m“f-f‘g Fﬂ’&tg"‘
wei ghted b and a. tar | evel adj usted by received target
adj ust nent ?ﬁ%ﬁer epﬁFﬁ%E §tga3hﬂn‘?é@b‘%ﬂ of 52 dFr wankseda Fignve 6ohosds the t i me
separat i onB(}I t he
| ( ER as a function of the delay. The initial reference SIR parcer foreach system was
o _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 ‘Weightcd open loop system severely degrades.

& . - 4
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first and second time slots. - 2. The nmethod of claim| further_ conprising;
‘determning the long termpath |oss estinmate based at |east in part upon an
average :of path |oss estinmates ofreceiwd communi cations. 3. The nethod of
claim1 farther conprising. 17 determning a qualify, ", of the-path |oss
estimate basea in part on a nunber of tine slots, D, between the first and
‘'second tinme slot; and wherein the first factor is.o, and the second factor
is 1-t 4. The method of claiim 3 wherein a- maxdnmm tine slot delay is DD and
the deternipggqguality, a, is deternmined by: 5- The nethod of claim3
wherein a nmaaimuuh al lowed time slot delay i.s ™D, and the determn ned
quality, a, is determned by: a=fag{1{DlLy(n, ,u, e-T),0). 6. A nmethod for "~
controll'ing transm sgion power, | evel s at a user equi pnent enploying a ..
spread spectrum'tinme “W#gﬁﬁﬁﬂﬁﬁﬂﬁﬁﬂOpﬁtkmpquﬁmﬁbhtmgﬁﬁﬂﬁlgﬁmnﬂﬂwﬁdmpmﬁmr
slots for g@ggunicationp conprising; a) receiving, during a first tine
slot; a f!ﬂ 2 Shhﬂﬁﬁd&ﬁﬂunaﬂamgﬂqﬁmgﬁw@ﬁﬁﬂmbm@mifﬁhﬂﬂﬁﬁﬁm@eﬂnﬁﬂhﬂﬁﬁhga;

b) measuring a power |evel of the first oonnum cation; c)’ determning

“path | oss é@mgéi:wldsaﬁdd_ﬁjmsm,tmﬁ@ﬁ@ﬂger | evel’ obtained at step
a)  recciving, during a first tine slot, a commmication inclading a power level:

b)  measuting a power level of said received communication; -

,f’."'\
N

c) dcte;mining apath loss estimate based in part on the measured power level and

!henxmhmdph“nxlswﬂ;and | |

d)  seiting a transmission power level for transmission during u second time slot

based in part on the path Yoss estimate woighted by a first factor, a long tm paﬂi Joss

estimate deﬁted by a second fachﬁr ‘and a target level adjusted by reoei;red tarpet

adjustments, wherein thp? first and second factors are a fopction of a time separation of the
first and second time glots. '

2.  Themethod of claim 1 finther comprising:
determining the long term path loss estimate based at least in part upom an HEVErage

of path loss estimiates of received commmnications,

3. The method of claim 1 further comprising: -

- 17 -



(b); and - 18 d) setting a transm ssion power |evel for a transm ssion of
‘a second conmmunication during a second time slot based in part on the path
| oss' . estimate weighted -by a first factor, .along termpath |oss .estimat.e
wei ghted. by a second factory and a target |evel adjusted by the target

adj ustment, wherein the first and second factors are a function of a tine
.separation of the first and second tine slots. . 7. The nethod of claim®6
wherein the target level is a signal to interference ratio. 8. The .net hod

of ‘cl ai n¥wher ei, _an, adj ust ment 02, t hesi '(IJEW to Werence ratio lies within
a maxi num and m 5 G eeMﬂ@hwdmpmtmaMnﬁumach
target adj ijst ment is in "a range of apprOX| mately 0.25 decibels to 4

deci bel s. slote,d), ltween thedstmidgaead thpeslot,aod Power Control In A Tine

Di vi sion Duplex Conmunication System Abstract of the Disclosure Quter

| oop/ wei ght ed spwreil dopfimoiietor dom and theeBbidiasiof isaRgm ssi on power levels in
a spread spectrumtine division duplex comunication system A first

comuni cation station (110) transmts a comrunication to a second
-~ communi cation station including target adjustment information generated at

“the first statijon o [L.Or ni cat | ons
fromthe second sta?{l%ﬁﬁto t @Inrst sk,%ﬁq’dﬁ @'& 8l %Wt%@%@es

the detormined quality, o, is determined by:

0= 1 = (D-1)/(Dpr 1),

5. The method of claim 3 wherein 2 maximm allowed time slot dclay 8D,
- stieweq 80 the determined quality, o, is determined by:
| = max {1-(D~1)1(Dm..nm-l). 03.
6. A method for controlling ﬁnns:ﬁissioﬁ power levels at a mser equipment
‘ erploying g spread spectrum time division dnylex technique hmng frames with time slots
for commnmication, comprising:
®)  rookiving, ducinga fixst time slot, & first communication target adjusiment and
a fimst communication;
b)  measuring a power level of the first communication;
t)  determining a path loss estimate based fn part on power level obtained at step
(b); and '
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communi,cation and neasures its received power |evel. Based on in part the
received - comunication's power |ével and the comunication's transnission
power |evel, a path loss estimate is determined. A quality of the path

| o0ss estimate is also determ ned. The transm ssion power |evel for a
communi cation fromthe second station to the first station is based on in
part weighting the path |oss estimate in response to.the estimate's quality
and based on the receive target adjusted by the target adjustnent

information tragsm tg fro@uﬁsn%smzmﬁrfwawgrt alf';nire?nforlzlagtransmjsure i £ d
sion o a 5ECoT
communication during a second time slot based in part on the path loss estimate weighted
by a first factor, a Jong term path loss estimate weighted by & second factor, and a target '
Ievel adjusted by the target adjustment, wherein ﬂle first end second factors are a fapetion

of & time separation of the fixst and second time slnts

7. Themethod of claim 6 wherein the target level is a. signal to interference ratio.

8. Themethod of claim 7 ‘wherein an adjustment to the signal to interference ratio |

" Hes within a mazumum and minimwm vahxe litnits,

9. The methdd of claim 7 wherein cach target ad]nsﬁnent isin‘a range of
appmmmately 0.25 decibels to 4 decibels.

T g s

- 19 -





