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OUTER LOOP/WEIGHTED OPEN LOOP POWER CONTROL INA
TIME DIVISION DUPLEX COMMUNICATION SYSTEM
BACKGROUND

This invention generally relates to spread spectruim time division duplex
(TDD) communication systems. More particularly, the present invention relates to
a systemand method for controlling transmission power within TDD communpication

5 . systems.

Figure 1 depicts a wireless spread spectrum time division duplex (TDD)
communication system. The system has a plurality of base stations 30,-30,. Each
base station 30, communicates with user equipment (UEs) 32,-32, in its operating
area. Communications transmitted from a base station 30, to a UE 32, are referred

10 to as downlink communications and communications transmitted from a UE 32, to
a base station 30, are referred (o as uplink communications.

In addition to communicating over different frequency spectrums, spread
spectrum TDD systems carry multiple communications dver the same spectrum. The
mulfiple signals are distinguished by their respective chip code sequences (codesj.
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
361-36,, using selected codes. Accordingly, one frame 34 is capable of carrying

multiple communications distinguished by both time slotand code. The combination
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DORRECT 1| fSE nau 102 110 104 (57) Abstract CQuter | oop/weighted open | oop
power control controls transm ssion power |evels in asgpread$ReECHhgMm time
di vi si on dupl ex comrunication station. A first comrunication station (110)
transmts a comuni cation to a second comuni cation station including
target adjustnment information generated at the first station on the basis
of neasurged error rates of comunications fromthe second station to the
first st8lfomeleredcuya single smetor soefore tbhae acosourTE aaitil. dBasedchrMERS Ur €S
its r ece{,ved power |evel. Based on in part the received conmunication's
power | ebaidvainith tdiprie@ne@LERinS it Ofbramiy iBhSSH | path | oss
estimate i s det erén?]ned. A ggaftiﬁ/b of ?E%ﬁggtﬁdé)&o@@@lﬁr%ﬁy‘? @m j¥&
det er m ngg: t.ransm ssion power |level for a comunication fromthe
second s?&%gngﬁqpéﬁﬁ%owcaé Btion is based on in part weighting the path
| o0ss estimate in response to the estimate's quality and based on the

recei ve t ar geMastiTIND systemstadaptieelgebnad] watgHEstion T TBE4I9N 1 tted
fromthe first station. 62 V C%NER%\ | NKR110 nin ISE‘PgRFeraKI%QﬁIﬂdi&mE‘L
TARGE = L LD INTELLECI UAL PROPERTY ORGANI ZATI ON
BARGE  MyhhRERL & b4, ulﬁﬁlﬁg %ﬁgarﬁl BERedime slot and spectrum. When

| nt ernati"onal Bureau .

a UE 32, or base station 30 is receiving a specific communication, all the other

communications using the same time s;lot and spectrum cause interference to the

specific communication. Increasing the transmission power level of one

communication degrades the signal quality of all other communications within that

10 time slot and spectrum. However, reducing the transmission power level too far

results in undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the

receivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power control is used.

One approach using transmission power control in a code division multiple

i5 access (CDMA) communication system is described in U.S. Patent No. 5,056,109

(Gilhousen et al.). A transmitter sends a comrmunication 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

bitis sent to the transmitter either increasing or decreasing transmission power by a

20 fixed amount. Since the receiver sends a control signal to the fransmitter to control

the transmitter's power level, such power control techniques are commonly referred

to as closed loop.
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| REFUgNCE 5s evREAOM A~D OW N& DATA RA7au gam a 30 Decenber 2003 5 10 15
QUTER LOOP/ VEI GHTED OPEN LOOP PONER CONTRCOL IN A TI Mp DMy DYREX
COMMUNI CATI ON SYSTEM BACKGROUND Thi's invention generally relates to spread
" spectrumtine division duplex (TDD) comruni cation systens. Mre
particularly, the-present invention relates to a system and nmethod for
controlling transm ssion power within TDD communi cation systens. Figure 1
depi cts a wi Uatleseriajr emdlitqe theyperformance of slosed thapl syxtetnblddprades.

comuni cati on system The systemhas a plurality of base stations 301-307.
Fach DRseinstaabe, ofbothufRATN SRt Bawibd RUIPAId £ORIR L 0P pigffy 323 | "
its operating area. mruni'catlons transmitted troma base s on 301 to
a UE 321 are referred to _as downlink comunications and comyuni cati ons

t r ansni flyRamicegriranpent; such as dug te theeUEmaeving, Soh sxstems anasinasdetableas upl i nk
conmuni cations. In addition to comunicating over different frequency

spectr umdappfa@@@hoghngbm?seﬁm for the an@ds.” YhaUpate rfte ©PRTBLBH ¢ ONs over
the sane spectrum The nmultiple signals are distinguished by their

oo e D B GBS e MBI LAY oo® e
fast fading channels.

WO 98 45962 A discloses a method for controlling a transmission power

level of a mobile terminal in a satellite communication system. The power control

method has both a closed-loop and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takes into
account the propagation delays of the satellite system in the- power setting
determination. For the open-loop element, the strength of the received signal from
the base station in each frame is compared to the strength of the signal received in
the previous frame. The transmit power of the mobiie terminal is adjusted inversely
with the variations in the observed signal strength.

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
power control of a mobile station using long-term and short-term transmission power
control. Long-term power control occurs in a base station on the upper level forming
aclosed control loop. A decision authority.statement 1s communicated from the base

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



Figure 2 use repeating frames 34 divided into a nunber of tine slots

361-36,,,, such as sixteen tinme slots. In such syste ,Dgccggnun%ﬁ %ion i's
sent in selected tinme slots 361-36" using sel ected codes. AEE6F d g y, one
* frame 34 is capable of carrying nultiple conmunications distinguished by
both tinme slot and code. The conbination -1. 30 Decenber 2003 5 10 15 20 of
a single code in a single tinme slot is referred to as a resource unit.

Based qg &@%w&"’lﬂ%ﬁ%@aﬁ RpifiGr i lﬁﬁ%’%&ﬁo%?%@ hﬁéi&iio%u%.orTDD

mul ti pl e resource are asslghe at conmuni cat 1 on.

systens adaptively control transm ssipon power levels. In ,a TDD system
many conmuniagardinglyetiereniss @ nepd fog ferapRIoaches te ERMtain $Ln¥hen a UE
321 or base station 30, is receiving a specific communication, all the

ot her QN BLd MW @RGSR fdveerdéevats.t i ne sl ot and spectrum cause
interference to the specific conmunication. |Increasing the transm ssion
power | evel of one conmunication degrades the signal quality of all other
comuni cations within that tine slot and spectrum However, reducing the
transm ssion power |evel too far results in undesirable signal to noise
ratios (SNRs) and bit error rat SUMBERRY at the receivers. To maintain
both the signal quality of comrunications and | ow transm ssion power

l'level s, trangfics I6SHIwRMRE] 6P TR pweiSRhltrol controls transmission power
| levelsin a spread spectrum time division duplex communication system. At a first
communication station, errors are measured in a received communication from a
second communication station. Based on in part the measured errors, an adjustment
in a target level is determined. The first station transmits a communication and the
target adjustment to the second station. The second station measures the first
station's comumunication's received power level. Based onin part the received power
level, a path loss is determined. The target level is adjusteci in response to receiving
the target adjustment. The quality of the path loss is determined with respect to a
subsequent communication to be transmitted from the second station. The second
station's transmission power level for the subsequent communication is adjusted
based on in part the determined path loss, the determined quality and the adjusted ‘

target level.
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One approach using transm ssion power control in a code division nmultiple
access (CDWVA) communication systemis described in U g Balkenf.MNos
5,056,109 (G| housen et al.). Atransnmtter sends a connunlca?lonoPg a

“ particular receiver. Upon reception, the received signal power is
measured. The received signal power is conpared to a desired received

si gnal power. Based hi?ﬁ &fri son, a_control bit is sent to the
transnitter either i ) é IPFION QFEHE DRAVWINGS pover by a fixed
anount. Since the receiver sends a control signal to the transmtter to

control . the FigareTiillustrates Apir reYBD ?&‘!&ﬁ power control techniques are
commonly referred to as closed |oop. -2 30 Decenber 2003 Under certain

conditions, t enf.ormance .of ¢l osed | oop systens degrades. For instance,
i f communi catﬁgHEe 2&%8%@99\/@8}? éo@gngﬁgeaéj, amss QfﬁaﬁDErSé(Stﬁma highly
dynam c environnment, such as due to the UE noving, such systens may not bé

able to adagfighze8 ieadigh chart@iRensabp/WekhidaepRanss powkieoHRERt € rate
of closed |oop power control in TDD is typically 100 cycles per second

whi ch is not Lgi-ent.for fast fadin hannel s. WD 98 45962 A di scl oseg
a net hod for If:ig{r'}& gllglgn(aa%rap? aﬁgﬂﬁngepﬁwgﬁpr CQIRABRIGHHLOR SFRINSAISIRG ni nal

in a satellite communication system The power control nmethod has both a
cl osed- o883 laap/vesighiedropendpopipemeniconfrol. t he cl osed-1oop . el enent, the
base station cal culates the nobile term nal's power setting based on the

t th of | I | f t bile .t ' . Th tati
Cakesinto acounsIFiceaP AR kRGeS Puf o8 Bhed W BRP 1 The”

- power settin% '
weighted open loop and closed loop power control systems.

Figure 6 is a graph of the three systems performance in terms of Block Error

Rate (BLER).

-..DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments will be described with reference to the drawing:
figures where like numerals represent like elements throughout.  Outer
loop/weighted open loop power control will be eﬁplained 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 o as
the receiving station 110. Since outer loop/weighted open loop power control may
be used for uplink, downlink or both types of communications, the transmitter

having its power controlled may be associated with the base station 30,, UE 32, or
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determ nation. For the open-loop elenent, the strength of the received
signal from the base station in each frame is conpared Hecthecst hepgt h of
_the signal received in the previous frane. The transnmt power of the

mobile termnal is adjusted inversely wth the variations in the observed
signal strength. U S. Patent No. 5,542,111 discloses a nethod for

regul at i tr 1:6S1;0N. . power ntrql ,of bile station using long-term
and sholrb':(5 g—tl'er%e@rpgﬁggw’séq E?\mﬁmﬁ"? ag n@?‘HPﬁ“ED(ﬂ@Y%rePﬂﬂﬁgb\éfe @éﬁgrmc occurs
in a base station on the upper level formng a closed control |oop. A
deci si ofieeeivingrandytransmietirenstation's componeatsede sasvidied WAk ®otistiad b to the
nobi |l e station. The short termtransm ssion power |evel is determned 30
Decenmbeki08RMPAni§elz@wer |1 oop using an identifier of the |ong ternpower
and the demﬁsi an agt?%grgi"ty. Accordingly, there is a need for alternate
approaches to maintain signal quality and |ow transm ssion power |evels.
SUMVARY  Qut diheireesivingisigticad drencives pagoverdimfreqoéneosipnalk sndladingni ssi on
power levels in a spread spectrumtine division duplex conmuni cation
system céimuitAtidns GO CRAAGRTIAt IS S &, easur edoin a

recei ved comuni cation from gaﬁés?@é%ﬁr% éé%t?r%ﬁfl?;t@b@ satrbﬁ%g%nangeaoron in
part the neasyred errors, an adjustnent in a target |evel is determ ned.
The fi rafcately.cm antepnaariay, stepctiniRhe sadeivedangnalbare passgé th@opghament t o
t he second station. The second station neasures the first station's
comuni 3aldton66 o £aensEdIRVEY td % b dh A7 2Tt Lyggq power

| evel, a path loss is determ ngcfﬁ- %%etgrﬁgéé%taﬁpes\i%aqi gﬁlgéij%g%l%@c?ﬁl%gﬁesponse

to receivin t he target agj ustment. The quality of the path loss is
det er mi ﬁg&o%-rs@ﬁd,rsggggggypg annel 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 as 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) fol}owed by a forward error ;:orrection encoding, although
other types of error encoding schemes may be used.

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

detection device 112 detects errors in the soft symbols. A processor 111 analyzes the
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subsequent communication to be transmtted fromthe second station. The
second station's transm ssion power |evel for the subseguethnLERLMBMM cati on
is adjusted based on in part the determ ned path | oss, the determ ned
“quality and the adjusted target |level. 30 Decenber 2003 BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 illustrates a prior art TDD system Figure 2
dillustrates tinme slots in repeating franes of a TDD system Figure 3 is a

flow ch@efecRll epdrahd HORRMMRE IR ERE: PRELHDORCBILE Eoﬁﬂ%ﬁ&igtiogﬂ%:ﬂgﬁ%.e 4is a

di agram of conponents of two comuni cation stations usin

| oop/ weight ed open | oop power control. Figure 5 is a graph of the
per f or n@%é%f B t@%?’é’f&r raephedremsssr Hdedetemines thapmaueiy tfngm atakgst and
cl osed | oop power control systems. Figure 6 is a graph of the three systens

per f or migvek suoh ben WEped sifQekidtéffeence Fol (SBLER):), HddY dofil Basesd PTI ON OF
THE PREFERRED ENMBODI %/EN‘I%l The preferred ergbodl E%Eﬂ%s wll be deg(%i bed with

el enent & P spg iR el LA 56 40T Bfeed oo pR R b ARSEE Rertaeli 1 e

expl ai ned using the flow chart of Figure 3 and the conponents of two
si npl i f Rdiwstroentusigrpdis genesstad ibyrthe tfetadusiment pewaraton 184 g e tdrgeEor t he
foll ow ng di scussion, the communi cation station having its transmtter's

i tati on | i itte
Communt ca h s SRR ERF Gl P AR Db S, L5 e

to as . o - . .
adjustment is signaled to the transmitting station 112, such as using a dedicated or

areference channel.

One technique to determine the amount of adjustment in the target level uses
an upper and lower threshold. If the determined error rate exceeds an upper
threshold, the target level is set at an unacceptably low level and needs to be
increased. A target level adjustment signal is sent indicating an increase in the target
level. If the determined error rate is below a second threshold, the target level is set
at an unnecessarily high level and the target level can be decreased. By reducing the

target level, the transmitting station's power level is decreased reducing interference
to other communications using the same time slot and spectrum. To improve
performance, as soon as the error rate exceeds the upper limit, a tafget adjustment is
sent. As a result, high error rates are improved quickly and lower error rates are
adjusted slowly, such as once per 10 seconds. If the error rate is between the
thresholds, a target adjustment is not sent maintaining the same target level.

Applying the above technique to a system using CRC and FEC encoding

follows. Each CRC block is checked for an error. Each time a frame is determined
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the receiving station 110. Since outer |oop/weighted open | oop power
control may be used for uplink, downlink or both typgs pkcemBBUNLEALI ONS,
_the transmitter having its power controlled may be associated with the
base station 30x, UE 32, or -4 30 Decenber 2003 both. Accordingly,, if both
uplink and downlink . power control are used, the receiving and
transmtting station's conponents are associated wth both the base
st at i on {8Q1EVe Al eoRrIRCOUTERIS frereingnted. Fistdonrasithe coenter erseedanh apper adi o
‘frequency signals including conmunications fromthe transmitting station
112 usi t 78, : r t The
ool vea e noRr saEits B 81,2 ke P LEYed BAEABEGBIEIRE Sl TS (o
produceag.baseband signal. The baseband signal is processed, such as by a
channel 38{SURERt &% sgBl rrEeasing the dangst devalt | et adivstidhe R eer Rhthée time
slots and with the appropriate codes assigned to the transmtting
st ati on'‘unneniiming statibn.12T ke eRbRe! inodlke! TR, 011, dS\keRe (§ﬁ{[gcgmﬁbh/ iyises the
trai ni ng sequence conponent in the baseband Signal to provide channel

i nformatj on such as ¢ el,, | se._.responses. e channel infornmption is
uoeq by ey b Pl GHABBTR Lk be T3 BRaben s i Bt Rasoln@rih
device 74, and the transmt power calcul ation device 76. The data

est i mat ezceatsva peed@emaimeddimitdatch g A000Hockd)ahsataliy of shé oty isof t
synbol s using the channel information. Prior to transm ssion of the

Communi Sarirated K TIbuE: BRI, blefhy 82 b0 Hbdep e eI BUPERLN 0 encoder

110. The error encoding schene is typically a circular
number of counted block errors is below the lower threshold, a target adjustment

signal .iS sent decreasing the target level, SIRc. A typical range of SIRpgc is 0.25
to 4 dB. The value of SIRpe- may be based on SIR - and a target block error rate,
BLERsrger- The BLER ;4 per is based on thé type of service. A typical range for
the BLER,rger 1s 0.1% to 10%. Equation 1 illustrates one such approach for
determining SIR .
SIRpge = SIRpye X BLER1ypger/(1 - BLER p4pger) A Equation 1
If the count is between the thresholds for the predetermined block limit, a target
adjustment signal is not sent.
AMmmemmmmemm¢ﬁmmmmemme
threshold, the target level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjustment signal may have several
' adjustment levels, such as from 0 dB to +4 dB in 0.25 dB increments based on the

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



redundancy code (CRC) followed by a forward error correction encodi ng,

al though other types of error encodi ng schenes may bﬁ)”ﬁ&f’srr]:&?ﬂ e soft
synbol s produced by the data estimation device 72, an error et %Cl}%n

" device 112 detects errors in the soft synbols. A processor 111 anal yzes the
-5 30 Decenber 2003 detected error and determnes an error rate for the
step 39. Based on the error rate, the processor

recei ved commgyni cati on, ) at >

111 determ rr?gth? HEtCIHAERRE Dreasyrpmeny deviget 74 |afvthe, receivings sativar 6 si gnal
to int erfereqce ration (SI RTARGET1.), needs to be changed at the

transmi tdeterineathointdicdensd RRefh dBaKEAvRAId e coshRAMbARH cﬁf’aﬁfgrtgg‘ 4t ar get

adj ustnent signal is generated by the target adjustnent generator . The

t ar get L HSt: |.s._subsequent | ent to the transmtting station, step
41 OThe SEPHEIRndctn BERE R bl SRty chaaestmRgOs cavice 12115,
such as using a dedicated or a reference channel. One technique to i

det er i 9% boiB. akdsimg thé seflj ssehbaistaridnchiimel dnfiemationekhd s@asmaNpapRer and
| ower threshold. If the determ ned error rate exceeds an upper " threshol d;-

the tar LS naccept.ably I ow | evel. and needs to be

i ncreasg%?w,l&ﬁ%/(g{r 8% 10??\/66@%%%&%%%3 WP AHAONS CARMISHOR PAYSH e '?t’)}ﬁcrease
inthe target level. If the determned error rate is bel ow a second

t hr esholc@nitpling dreggain ofaplamifimt54.at an unnecessarily high I evel and the
target |evel can be decreased. By reducing the target level, the

ot her commun’ eati s GUREEle LR Sl dts ERFAT B SRR A Sl Bl ey |
per f or mance, s as the error rate exceeds the upper limt, a target
adj ust rréﬁ«]&lopg 110,712 and sending data, the receiving station 110 sends a communication |
to the transmitting station 112, step 41. The communication may be sent on any one
b of the various 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, Ing, multiplexed with other reference data,
such as the transmission power level, Tps. The interference level, Iz, and reference
channel power level, I;s, 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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sent. As a result, high error rates are inproved quickly and | ower error
rates are adjusted slowy, such as once per 10 seconsis.pdderithts- eXgey rate
is between the thresholds, a target adjustnent is not sent nmaintaining the
" sane target level. Applying the above technique to a system using CRC and
FEC encoding follows. Each CRC block is checked for an error. Each tine a
frame is determ ned -6 30 Decenber 2003 to have an error, a counter is

i ncr eneeferdncerdats tivre-meltiplexebwith e training setpieaoe irpthe apptdpraséiiing slsich  as
1.5to 2 tines the desired block error rate (BLEB), a target adjustnent is

sent i ' ﬁﬁg : | %ﬁl’

trans mr%;{(ftﬁgdegg g%ﬁ#%@&# e %Hgir[g'a?gé ?%Wé}@%é .ef‘?lts[e% gﬁ?s ? SI RNC) ,

which is typically in a range of 0.25 dB to 4 dB. If _the nunmber of CRC

frames @RBYRICEHEH bk cBlas campaundeatiymburstiis subsequenity amplifieddbybamcks, t he

val ue of the counter is conpared to a |ower threshold, such as 0.2 to 0.6

times thapHiee 6(:0TRY Biplitibd Wb mitThesn BirsepidtRGuAEN b9l Bt atvicbe! ow the

| ower threshold, a target adjustnment signal I's sent decfeasing the target

| evel , RDEC. A typical range of SIRDEC is 0.25 to 4 dB. The val ue of

SI RDEC ﬁ?ayfl 'a%gg)ér&?r@nmmauancb%stt createtl throygh devigesy such as g datayr ARCET

The BLERTARCET is based on the type of service. A typical range for the

BL ERTA@%_efatbﬁS@SE%m%Qﬁﬁ whliing bQ@uehcs insefidrpd&sice 82 a%u(h%l_rlﬂﬁlﬁr(ﬁg h for

.determning SIRDEc. SIRDEC = SIRInt x BLERTARCET/ (| - BLERTARCET) Equation
I s between the threshol ds for r edet

i ,I[ ;r ;2? Coupfe simmed communication bursts are modu{aregd By a moﬁﬁgtgre&.bjfgg klimt,

modulated signal is passed thorough an isolator 66 and radiated by an antenna 78 as
shbwn or, alternately, through an antenna array. The radiated signal is passed
through a wireless radio channel 80 to an antenna 82 of the transmitting 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 receiving station 110. The channel
estimation device 88 commonly uses the training sequence component in the

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




adjustnment signal is not sent. Alternately, a single threshold nay be used.

If the error rate exceeds the threshold, the target kgvglc lgspbipcsggsed. |f

the error rate is below the threshold, the target is decreased.

" Additionally, the target |evel adjustnent signal may have several

adj ustnent levels, such as fromO dBto t4 dBin 0.25 dB increnents based

on the ~differen ergbetween the determned error rate and the desired error

rate. 3 g@ﬁﬁ%ﬁ‘ goBateB if psed by sdatansaimation rdevdes 90ecarth agiowdse

receiving station 110 determnes the interference level in dB, IRS, wthin

t he chammakyreh@nedeoize®2 her the channel information, or the soft synmbols

generated by the data estimation device 72, or both. Using the soft

synbol s and annel i fornaﬁtion, the transmt power calculation device 76
Yl 01

control s the P&V the Brogeasrghremmymicasian cosgsponsling dontheol | i ng

the gain of an anplifier 54. For use in estimating the pathloss between the

recei vi referende Chamselj Ry, g meatael ®3yshd Powek IeRREmaNHRc9d and kbst

receiving station 110 sends a communication to the transmtting station

channel O IBIGSEGRERNR Figs™dy Shin A5, BE% dinaihinel riwation dovice 8t i ng

pathl oss are referred to as reference channels, although other channels

may be @Rd#he d4taenimatiosi device 90 atd oapabld of Separating ehé tefbicaite Iannéihe
comuni cation is preferably sent over a downlink conmmon channel or a

Cransm {eTha QYR KNy S E ot Bek el FORS PoE e e
ref erence channel data. The reference data may i nclude, as shown, the
interf é”@ﬁﬁﬁlf%sﬁ rece¢ired signals, pheredswed postdrdevel é6 adpmsted tdabarect 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 lpop controller 100 comprises the power measurement device
92, pathloss estimation device“94, quality measurement device 94, target update
device 101, and transmit power calculation device 98.

To determine the path loss, L, the transmitting station 112 also requires the
communication's transmitted power level, Tgs. The communication's transmitted
power level, Tyq, may be sent along with the communication's data or in a signaling
channel. If the power level, Tgs, is sent along with the communication's data, the

_ data estimation device 90 interprets the power level and sends the interpreted power
level to the pathloss estimation device 94. If the receiving station 110 is a base

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

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

-10-




such as the transm ssion power level, TRS. The interference level, IRS, and
reference channel power level, IRS, may be sent in otbhepeedapael sggsuch 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 comunication's bandwi dth requirenents. A
spreadi ng and training sequence insertion device 58 spreads the reference
channel caamanmationsgewet leecisRiefrdmthe St PemamhecatROi3ransimtadpevetat a
time-multiplexed with a training sequence in the appropriate tine slots

and co t ' . i LS ' S
referre %%fré% rﬂfge ﬁ%@#\%ﬁﬁﬁ% a% | on(!iEg’(l;rj‘(f'és?‘.l E%@Egﬂmgﬁ%%ﬁgﬁlﬁ?
subsequently amplified by an anplifier 60. The anplified conmunication
bur st nigye satiengdhl 13y, step dféﬁla@nalaz ajong tegmostunpiecf sempathiasat i on bur st
created through devices, such as a data generator 50, spreading and

trai ni No, SEGURIRGE stepSer. [ORSeERY1E 8f & ord @WrPatllbésdstinthte G0 R

comuni cation bursts are nodul ated by a nodul ator 64. The . nbdul ated
signal is pass hor ough _an isqlator 66 and radiated b n antenna 78 as
Shown oPVerBEt o Pl g SHAVEER s APEIPSs: bor A APEERet BPARIlTnal i 5
passed through a wireless radio channel 80 to an antenna 82 of the

t r ansmi ¢stinmegess tlatdentainlsi®atiofld) énstgageofdfansoduingt the transmittddgrowdrdevelansni t t ed
comuni cati on can be any of those known to those skilled in the art, such
as dirept phas ' [ I q%gnﬁ[ﬁgcf i ng
(QPSK) ??plsﬁe ant% 8%?1@ %t%ﬁgar{,ﬂgl rﬁé%sercﬁ&,a %ﬁ%g%%af%rquy of the @?‘gﬁl}s/m tting

station 112_ receives various radio frequency signals including the target
adj ust neXek In thagcase, the pathloss estimation device 94 provides reference levels for the

pathloss, L.

Since TDD systems transmit downlink and uplink communications in the
same frequency spectrum, the conditions these communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
loss experienced for the downlink will also be experienced for the uplink and vice
versa. By adding the estimated path loss to a target level, a &ansnﬂssion power level
for a communication from the transmitting station 112 to the receiving station 110
is determined,

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

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

-11-
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received signals are passed through an isolator 84 to a denodul ator 86 to
produce a baseband signal. The baseband signal is pr@gegéggmbéyc§0ﬁ§ by a
channel estimation device 88 and a data estination device 90, in the tine
"slots and with the appropriate codes assigned to the conmunication burst
of the receiving station 110. The channel estinmation device 88 comonly
uses the training sequence conponent in the baseband signal to provide
channel dewimin®thofualizyehihresemandphch EBsE: 4 Q@ﬂﬁ?&%suﬁﬁw@@&@ﬁ@@r 2003
The channel information is used by the data estimation device 90 and a
power neasurenent device 92. The power |evel of the processed

communi cation corresponding to the reference channel, RTS, is neasured by
t he power neasurenent device 92 and sent to a pathloss estinmation device
94, step 42. Both the channel estinmation device 88 and the data estination
device 90 are capable of separating the reference channel fromall other
channels. If an automatic gain control device or anplifier is used for
processing the received signals, the nmeasured power level is adjusted to
correct for the gain of these devices at either the power neasurenent
device 92 or pathloss estimation device 94. The power neasurenent
device.is a conponent of an outer | oop/weighted open |oop controller 100.
As shown in Figure 4, the outer |oop/weighted open |oop controller 100
conprises the power measurenent device 92, pathloss estinmation device 94,
qual ity neasurenent device 94, target update device 101, and transmt
power cal cul ation device 98. To determne the path loss, L, the
transmtting station 112 also requires the communication's transmtted
power |evel, TRS. The communication's transmtted
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power |level, TRS, may be sent along with the communication's data or in a

signaling channel. If the power level, TRS, is sent @ ofg-dd- t4wys
comuni cation's data, the data estination device 90 interprets the power

" level and sends the interpreted power Ilevel to the pathloss estimation
device 94. If the receiving station 110 is a base station 301, preferably
the tragsmited.power lLevel, TRS, is sent via the broadcast channel (BCH)
fromt hg%bgéeé’ g?a?i\{\@ weights theyestimated patth dossnaccpedinglied.,-arsl BmgDisrenber
2003 conmuni cation's power |evel, RTS, fromthe sent communication's
transm evecigpofithe phthless, LIES, the pathl oss estimation device 94 estimates
the path loss, L, between the two stations 110, 112, step 43.

Addi tionally ng termestinate of the path| oss LO, is updated, step
44. One exarrgloge%%nge PEHfgTRRGH &Qu&rﬁp weighted QRsRdOpRr fargokr age.
The long term average of the pathloss, Lo, is an average of the pathloss -
esti mat ével isedjustedi A prdoestardids convetieatle abfitsyaitwis pidduged by the @agdm tted
power level, TRs, the receiving station 110 may transmt a reference for .

04" pr oyt Tn(&F APAYER0 b BB anglgklh ol Bt a0 bR ik

transmt downlink and uplink communications in the sanme frequency

spect r uAP Rheceditiistinent Alteget upintudedaelédadpspethe enpet level ushgitear . This
phenonenon is referred to as reciprocity. Due to reciprocity, the path

and i oo e argatrgdls, P 0T At B A s R R A Dol T 2

transm ssi on poi/\er | evel,  for a comrunication fromthe transmtting station
112 to PRwerlsyel a4 the regedvingrstatian 110. . -

The transmit power calculation device 98 combines the adjusted target level
with the weighted path loss estimate, L, and long term average of the péthloss
estimate, Ly, to determine the transmission power level of the transmitting station,

- step 47.

Data to be transmitted in a communication from the transmitting station 112
is produced by data generator 102. The data is error detection/correction encoded
by etror detection/correction encoder 110. The error encoded data is spread and
time-multiplexed with a training sequence by the training sequence insertion device
104 in the appropriate time slots and codes of the assi gned resource units producing
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
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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Is determned. If a tine delay exists between the estimted path | oss and
the transmtted comunication, the path | oss experi ew:Qge 1€ 2003
transmtted communication may differ fromthe cal culate 0ss. In TDD
where communi cations are sent in differing tine slots 361-36,,, the tine
sl ot delay between received and transmtted conmunications nmay degrade the
performance of an open | oop power control system To overcone these

dr awbacks, iiefollowingsoneauermiovphveighitd oper bbpdviacentel alg8fidudet er ni nes
the quality of the estimated path | oss using a quality neasurement device

accor ar g e staBhPs (RnsARiiol A et SRbFER &1 B et nce

performance _further in outer |oop/weighted open |oop, a target level is
adj ust a8ingAEgpatiendor 103 converts the soft synbols produced by the data.
estimation device 90 to bits and extracts the target adjustnent

nf i onp.su : ice. 101
] st s tho Thr orREET BT Ao Fhroar e N AR UBL BBt e 2 o

| evel may bej?a RTARGET or a target received power |evel at the receiving
stati on 110 TherdRosons hns apadiustedadug based ondbe recsival ogdiadisstmbet adj ust ed

target level wth the weighted path loss estimate, L, and long term

PSP For AR el S RAS SA P0
station 112. For uplink power control, SIRyspeer is signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted SIR:,pqer may also be signaled. The adjusted SIR torGer 18
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, Tyg - Ry, for the most recent time slot
36,36, that the path loss was estimated. Ly, the long term average of the path loss
in decibels, is the running average of the pathloss estimate, L. The CONSTANT
VALUE is a correction term. The CONSTANT VALUE corrects for differences in
the uplink and downlink channels, such as to compensate for differences in uplink
and downlink gain. Additionally, the CONSTANT VALUE may provide correction:
if the transmit power reference level of the receiving station is transmitted, instead
of the actual transmit power, Tgs. If the receiving station 110 is a base station, the
CONSTANT~ VALUE is preferably sent via a Layer 3 message.

The weighting value, «, is a measure of the quality of the estimated path loss

and is, preferably, based on the number of time slots 36,-36, between the time slot,

-13-




Data to be transmtted in a communication fromthe transmtting station 112

is produced by data generator 102. The data is error t | A0 tion
encoded by error detection/correction encoder 110. ﬁzgér%réor erflé.joded dat a

is spread and time-nultiplexed with a training sequence by the training

sequence insertion device 104 in the appropriate tine slots and codes of
t he assi gne egource units producing a conmmuni cation burst. The spread
signal i% ﬁﬁf)f“? ﬁﬂ%cpﬁﬁb loss sspmate end the firstl time dlbtade dhdormdutisi®sn 108 t o
radio frequency. The gain of the anplifier is controlled by the transmt

power. catmaitiodbydRy hageriih @B 112, 'ThE VARLESHY Ghoe LRSS0 A1k POWeT

| evel . The power controlled conmunicati on burst 1S pa

i sol at or84 Ladi at ed, the antenna 82. -12 30 Decenber 2003 The

fol | owi n(gglﬂ%gﬁﬁ’ﬁﬁtﬁ%me %Mé? befvagndhe Himaedptsposmall cietrecdnt phtholioiss hm

The transmtting stations's transm ssion power |evel in decibels, PTS is -

det er ni restimate walj) bEGaidlyiacouRite Mk s 3t RIARTRE closk AR &
CONSTANT VALUE Equation 2 The SIRTARCET has §n°sa§1§ ofie Ry cbfitast e t he

recei vedj j n si,gnal s.. For the dqQwnlink, the initial value of
S| RTARGCEhTIh ?g ngg\ﬁé fé?%é@@&hﬂgﬁsf gitigateanay pofbepcsurate and the lang trswer
control, SIRTARCE.r is signaled fromthe receiving station 110 to the
transni AVPHRgeRathiloss measuradeint ionmist Yikehy Atheiet extandieFdp b Pathy e for an
adj usted SI RTARCET may al so be signal ed: The adjusted SIRTARGG7 is limted

to the reotoR@iRhnd ﬁis@'{%gﬁ%t&%&l{@?&%s the measure of the interference

power |evel at t'he recelving station

Equations 3 and 4 are equations for determining o,

e=1-D-1)/D,_.-1) Equation 3
& = max {1-(D-1)/D,.. _asowes 1), 0} Equation 4

‘ The value, D, is the number of time slots 36,-36, between the time slot of the last
i:ath loss estimate and the first time slot of the Umsnﬁ&ed 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, o is zero D ax-atiowea 18 the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D, .. auowes» OpeD loop
power control 1s effectively turned off by setting o = 0. Using the transmit powef
level, Prg, determined by a transmit power calculation device 98 the transmit power
6f 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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Lis the path loss estimate in decibels, T RS - RTS, for the nost recent

time slot 36,-36n that the path | oss was estinmated. MD&%&%‘Q@@”"
average of the path loss in decibels, is the running average of the

* pathloss estimate, L. The CONSTANT VALUE is a correction term The

CONSTANT VALUE corrects for differences in the uplink and downlink
channel s, such as to conpensate for differences in uplink and downlink
gai n. Ageiformealfoy.a binentGONSTAMT Vékidn FRYhdbAM QGO?Mélgﬁiddoﬁpeﬂ fodghe
transmt povver reference | evel of the receiving stationis transmtted,
I nst ead uaI trans TRS, If the tatron 110 is
a base ﬂﬂt‘é &H%WEGJ\@@IE% lprB‘F%tPg&"ﬁrlgéﬁF ‘g%
nmessage. The wei ghtl ng vaI ue, a, is a neasure of the quality of the
est i mat éxtrpased if mbbockambrlwas detsdted atd gecrbaseddf no bdek erorbeas déte¢tede sl ot s :
361- 36" between the tine slot, -13 30 Decenber 2003 n, of the |last path
| 0ss es LSt ti ted by ]
| 053, S5 THER o8 i Boh . Syl DBRIGET, EBlesiln 00K
Generally, if the tine drfference between the tinme slots is small, the
recent peedlculatesr. Ehe simadationisidonparédthelperinemanee of thegysieins coatrolling: val ue
cl ose to one. By contrast I f the tlrre dlfference S Iarge the path | oss
esti mat %U@k’l’»ﬁoﬁanm Q‘CE:; E\& SaY E@%I’E 8§§d€.d
nmeasur ement | s' nost i y ab er es rrate or t e path | 0ss
Accordingly, a_ s set at a value closer to_one. E uations 3 and 4 are
equat i of¥eiydlodetlathe singationgach block wes4 ﬁ_l)ap’(eg logk epgn Mtasdgclared = pax
[ -(D 1)/(Dnx - aftwed -1),01 Equation 4
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 SIRqspaer is updated every 4 frames. The simulations address the
performance of these 'systems for a UE 32, traveling at 30 kilometers per hour. The
simulated base station used two antenna diversity for reception with each antenna
having a three finger RAKE receiver. The simulation approximated a realistic
channel and SIR estimation based on a midamble sequence of burst type 1 field in
the presence of additive white Gaussian noise (AWGN). The simulation used an
International Teleconnnunication Union (ITU) Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertainty. Channel
~coding schemes were not considered. .Lo was set at 0 db.

Graph 120 of Figure 5 shows the performance as expecled in terms of the
required Eg/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 5
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The value, D, is the nunber of tinme slots 361-36" between the tine slot of
the last path loss estimate and the first tinme slot 33 gderddansodd ed
comuni cation which will be referred to as the tinme slot delay. If the

" delay is one tine slot, ais one. D,,=is the maxi mum possible delay. A
typical value for a frame having fifteen tine slots is seven. If the delay
is D,, i allo .S the maxi num al l.owed tinme slot delay for
usi ng op%erﬁ? %%ﬁ%(ﬁ%%&ﬁtg%’?ﬁ%ﬁer%@%eﬁtﬁ{%ﬁé aegenpredxtheine RBNGEen” | oop
power control is effectively turned off by setting a = 0. Using the

t r ansni tolpdgerombined|systesis aletost identidalbty that obwziglited operi 166p sydtein, on
device 98 the transmt power of the transmtted comrunication Is set.

Fi gures ; I h i ut er | oop/ open

| oop, op‘gk}l@ﬁgfggl angicfcg%ég%eg%gngys gfrér’g?’&jl%otep sgfis%g&%ﬁg&a}{sﬁ gures 5 and .6
were -14 30 cgnber 2003 performed for a slightly different version of the
out er | oop/ \Aggld ¢ PFesspen of suip and|igtsrferenae uncerthingiosabeitansmitted pawget S| R
is updated every block. A SIRTARGET is increased if a block error was :

det ect edengicbfdRe opas eshp fysin i Setkerehé ﬁia%li’\@lst g%@%ﬁﬂe noﬁgﬁaﬂﬁlﬁé. én ‘o

| oop/ wei ght ed open | oop system used Equati on Equat 1 on was use

cal cul ate_a,. e Skhrul ati ons, conpared the performance_of the systens
control |grﬁ€h lggéﬁ?“lgg,re fL’r 2 8&Hh 'é%‘?eéﬁl%\&&rzl ®as used. Flgurg 6shawsdhe, 16
CRC-bits were padded every block. In the sinulation, each block was 4

frames. BLBRask fancion efdhedeliyaTed inidabrf@ent€SE . LU0 [oAMRisysRh @a§ occur
over a block. The uplink communication channel is assigned one tine sl ot

per fra T: for the block error ratei.s 10% The SIRTARGE.,- is
Cpdat cd Ey5r i oRbend i pbmifaal vl Ghreed Pl dimes S/t onder fo actieve ' '
a BLER of 10", Figure 6 shows that, in the presence of gain uncertainty, both the

combined and closed loop systems achieve the desired BLER. The performance of

the weighted open loop system severely degrades.

*® * *
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performance of these systens for a UE 32, traveling at 30 kil oneters per
hour. The sinulated base station used two antenna dijemddafddr FReeption
wi th each antenna having a three finger RAKE receiver. The sinul ation

" approximated a realistic channel and SIR estimtion based on a m danbl e
sequence of burst type 1 field in the presence of additive white Gaussian
noi se (AWGN). The sinmulation used an International Tel ecomruni cation Union

(1 TU) Pedestrian B type channel agpA@QRBK nodul ation. Interference |evels
were assunmed to have no uncertainty. Channel coding schemes were not

considered. Lo was set, at .0 db. .aph, 120 .of. Figure shows t he rf ormance
as expected i'h te C(LBli‘OC{ A c?%ﬁﬁlpgdﬁﬁwl?gr&wﬁL%ﬁegf 1th §- sprggc'laa

function of time delay between the uplink time slot and the nobst recent
downl i nigpedtriem ginstdivishon dpleycanmenipatierssydtdng havieg framdsevitofimeiskds sl ot s. E.
is the energy of,.the eonplex synbol. Figure 5 -15 30 Decenber 2003

denonst T&MQﬁbﬁﬁme%Sﬁ@ 412EdlcB catltmStdRintoh#RuRtfidg TR, the
performance of the conbl ned systemi1s alnost identical to that of wei ghted

open | oop system The ¢onbi ned system outperforns the cl osed |.oop system
for all 2dRaCRYS coppmypgation skion Aid galermisies e SO FaA QL BREPERPL es, the

transmtted power |evel of the open | oop systemis either too high or too
| ow of tchmnnatitatilns\(38.69), produginghrgtl2djobtnhdngsiaenéeded tgacdonine pattai nty of
-2 dB was used. Figure 6 shows the BLER as a function of the delay. The

il s . it di
B S e A e e

Figure 6 shows that, in the presence of gain uncertainty, both the
level in a first time siot and the target adjustments from the first Communication

station, receiving at the second communication station the target adjustments and the
first communication and measuring a power level of the first communication as
received (42, 46), determining a path loss estimate based on in part the measured
received first communication power level (43), the method characterized by:
setting a transmission power level for a second communication in a second
time slot from the second station to the first station based on in part the path loss
estimate weighted by a first factor, a long term pathloss estimate weighted by a
second factor, and a target level adjusted by the target adjustments (47), wherein the
first and second factors are a function of a time separation of the first and second'

time slots.

2. The method of claim 1 further characterized by the target level is a

target signal to interference ratio.
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conbi ned and cl osed | oop systens achieve the desired BLER The perfornmance
of the weighted open | oop system severely degrades. 30B30dReyier 2303
CLAIMS 1. A nmethod for controlling transm ssion power |evels in a spread
" spectrumtine division duplex conmunication systemhaving frames with tine
slots for comunication, receiving at a first conmuni cation station
communi cations from a second conmuni cation station and determ ning an

error rate of, theTliemRinoAb tAMMirGRE tipdtacterdBed Bpthe adintimentigo tier get
adj ustnents as needed based on in part the error rate (40), transnitting a

first c nlca on a.tran i,on power st time slot
and the dgf’(“ Ltﬁ r?‘PBr?lr? ﬁgn%ﬁ;ggrﬁ%)ﬂwggqﬁﬁﬂfmq@a recei vi ng
at the second com‘rum catl on station the target adjustnents and the first
comuni cation and neasuring a power |evel of the first comunication as
received (42, 46), determining a path loss estimate based on in part the

neasur ed 1 egei vephd b od PRI LR RRRIRLAAMS cot Brgod difudtRicfiod

characterized by: setting a transm ssion power | ével a Second

comuni cation in d}t t fromthe second statlontotheflrst
stati onlsﬂaéé&“%ofﬂigé%cl ngiw d&s estimate weighted by a first
factor, a long term pathloss esti mate wei ghted by a second factor, and a
target |level adjusted by the target adjustnments (47), wherein the first
and second factors are a function of a tine separation of the first and

second ti rre5sl Ot’fhe&cthdheoi”aﬁﬁt‘?g fﬂfﬂmgﬂ&iﬂ&eﬁiérdtﬂ}ﬁr characterized by the

target |evel

a target adjustment increasing the target signal to interference ratio is SIRpyc;

a target adjustment decreasing the target signal to interference ratio is SIRpgc;
a target block error rate is BLER ppgers and
SIR g is determined by

SIRpgc = SIR[NC X BLER 1pcer/(1-BLER rarcer)-

6. The method of claim 5 further characterized by the BLER [,zaerisin

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

is transmitted.
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target signal to interference ratio. 30 Decenber 2003 3. The net hod of
claim2 further characterized by the adjustnents to the bar&gbesi @k to
interference ratio are limted to a maxi mum and m ni mrum val ue. 4. The

met hod of claim 2 further characterized by each target adjustnment is in a
range of 0.25 decibels to 4 decibels. 5. The nethod of claim2 further
characterized by: a target adjustnent increasing the target signal to

i nt er f er enced.r at i bhe methpioficlaimy fugthgechazatjteriz thd éargeleasijwiments t ar get
signal to interference ratio is SIRDEC, a target block error rate is
BLERTA &i ' Stk m = NGe
BLERTA%T%FI-D%EHEE% T)e!%e The ne%éeg?% al mréccﬁl?ﬂaher (S:ﬁ%‘rlg}t):?reri zed by
the BLERTARGET is in the range of 1%to 10% 7. The nethod of claim1l

furt her g terized by: if the error rate exceeds an upper or is below a
| ower threshold, ‘a target adjustnent is transmtted; and if the error rate
is between the upper and | ower threshold, no target adjustnent 1is
transmtted. 30 Decenber 2003 8. The method of claim7 further

characterizegl by fhe taldsh ALUPE E%hafaﬁg:'iﬁ@&'bgg the target |level are

transnitted ds soon as an error count exceeds an upper threshold.

determining a quality, o, of the pathloss estimate (45) based on in part a
number of time slots, D, between the first and second time slot; and

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

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

o =1-(D-1)/D,-1).

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

time slot delay 1s D, ,uowes @0d the determined quality, «, is determined by

o = max {1-(D-1)/(Dpuxaiowes1): 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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9. The nethod of claim11 further characterized by: determning a quality,
a, of the pathloss estimate (45) based on in part a #yWBeLeRbcti Mys! ots,
D, between the first and second tinme slot; and wherein the first factor is
a and the second factor is 1-a. 10. The method of claim9 further
characterized by a maxinumtinme slot delay is D,,,a, and the determ ned

quality, a, is determned by a =1 - (D1)/(D T, 1). 11. The nethod of
cI aim9 furthér ciheartievdcfethiby farthevoharitaridedbydhe firstetadonis adskny i s
.,,a. _,,110WN.and the determ ned. quality, a, is determned by (x = max

power 1 OUpoEES B ol o b Raloh 14 OB SEARECLET 1 20, &Y o Pok e 23

The nethod of claim1 further characterized by the first station is a base
station and the second station is a user equipnent. -19 30 Decenber 2003
14. The method of. claim| further characterized by the first station is a

user equi pmegs, angd stpP@ad%géaﬂﬁnﬁh@mﬂﬁonaulgleheaﬁmhﬂbatmsys;@mwamg ead
spectrum time division duplex commnication systemhaving a first (110) and

secondn%&_th)cg i cat i tation,. the st~e usi fra s Wlt ime slots
For _comhifirdd PLAR sosang FI1D < BimfiticrcR F3tiort e Sifih boRBFmaTishs T om
the second comrunl cation station (112) and determ ning an er r or rate of the
r ecei vedimeshotstior aatinonieatign, dbefirshstation (d0) satieirdngeamnmurdcatadgdtbibased on
in part the error

the second communication station (112) and determining an errorrate of thereceived

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 targetlevel adjusted by the target

adjustments, wherein the first and second factors are a function of a time separation

of the first and second time slofs.
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rate, and transmtting a first communi cati on having a transm ssi on power
level ina first time slot and the target adjustnment3) Ddrendecorrd0st ation
(112) receiving the target adjustnments and the first comrunication and
measuring a power |evel of the first conmmunication as received, and
determining a path |l oss estimte based on in partthe neasured received
first conmunication power |evel the system characterized by: the second
station (1126.corfirE syistegn ofrekairs 151fbothef ohargetetized) by the targefi levéldn apower

l evel for a second comunication in a second tinme slot fromthe second
stati oqa}%g%ﬁa{g;@ger&tr?ddquﬁ?_ased on in part conmbining the path |oss
estimate i ghte y atirst factor, a long term pathloss estinate

wei ghted by a second factor and a target |evel adjusted by the target

adj ustments, wherein the first and second factors are a function of a tine
separation of the first and second tine slots. 30 Decenber 2003 16. The
system of clBEi.m Tbhe systehesf clbian b6 fiatliez ehadaytetined bntigetdjistmehtsits thee t ar get
signal to interference ratio. 17. The system of claim 16 further

are 1 ribach St o MRS ARR LR Rie0Se n2hefip RRE bl Bl P T

further characterized by each target adjustnent is in a range of 0.25
decibels to 4 decibels. 19. The systemof claim 15 further characterized
by: if the error rate exceeds an upper or is below a |ower threshold, a

target adj usg.Menthd §stenddolhint ESfurthiefichdradtBiz@Ibpdach edrgei £ljieinegen t he
upper and | ower threshold, no target adjustnent

is in a range of 0.25 decibels to 4 decibels.

19.  The system of claim 15 further characterized by:

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

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

is transmitted.

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

threshold.
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is transmtted. 20. The systemof claim 19 further characterized by the
target adjustnments increasing the target |evel are tz@nsdaddied gp@Epon as
an error count exceeds an upper threshold. 30 Decenmber 2003 21. The system
" of claim15 further characterized by: the second station (112) further
conprises neans for determining a quality, a, of the pathloss estimte
based on in part a nunber of tine slots, D, between the - first and second

time slot; apll. t h®hékysémioielam i5fuathenchdrh@erigaPbgt factor is 1-a. 22. The
system of claim21 further characterized by a maximumtine slot delay is

D. dthe d j L4 L%, is d i ned.b =.1.- (DDL/(Dt, 1).
23. “The syst o SPOR SlbB L 12 el Gl SRS Y demiliaa A B oved 1 e
slot delay is D,,, aliaw, and the determned quality, a, is determ ned by a

= nmax { ¢10f thempathloshestimdte based-an) in @it a nembeTobtimpesiaton I0f betgemttiss f ur t her
characterized by the set transm ssion power |evel conpensates for

di ffer efigRendRetdr] #Rkishé: apd downlink gains. 25. The system of claim 15
further characterized by the first station (110) is a base station (30) and

t he second station.(112) is .a user ui pment (32). 26. The systemof claim
15 further ch’ﬁré@f@&?@é uARd;the seqond Tagtonts - (110) is a user equi prent
(32) and the second station (112) is a base station (30). -22

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-O-1)/D, 1)

23. The system of claim 21 further characterized by a maximum allowed

time slot delay is D, uoues @nd the determined quality, o, is determined by

O = max {1'(D‘1)/(Dmx-allowed"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 systemof 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).

27.
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30 Decenber 2003 26. The system of claim 15 wherein the first station is a
user equi pnent and the second station is a base stati®mecember 2003

26.  The system of claim 15 wherein the first station is a user equipment

and the second station is a base station.

23.





