OUTER LOOP/ VEI GHTED OPEN LOOP POAER CONTROL I'N A TI ME DI VI SI ON DUPLEX
COMMUNI CATH ON SYSTEM BACKGROUND Thi's invention generally relates to spread
spectrumtime division duplex (TDD) comruni cation systens. Mre
particularly, the present invention relates to a systemand nethod for
controlling transm ssion power w thin TDD communi cation systens. Figure 1
depicts a wirel ess spread spectrumtime division duplex (TDD) .
comuni cation system The systemhas a plurality of base stations 301-307.
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Figure 1 depicts a Wirelcss spread ',spe._ctrum'ﬁme diirision duplex (TDD)
'.communication system. The -sttem has ablura]ity-of bas¢ 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
to as dowplin’k communications and communijcations transmitted frém aUE 32, ¢t0
a base station 30, are referred to as uplink communications.
| T addition to communicating over different frequency spectrums, spread |
¢ | spectrum TDD systems carry multiple communications o'ver the sa-xmc spectrum, The
multiple signals are dis tinguished by their respective chip code sequences (codes).
Also, to more efficiently use the-spread spectrum, TDD systems as illustrated in |
| Figuxie 2 use rcpeatin;g frames 34 divided itito a number of time slots 36,-36, , such
as sixteen time slots. In such systems, a communication is sent in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capable of carrying

multiple communications distin guished by both time slot and code. The combination




1 of a single code in a single tine 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 conmuni cati on. Most TDD
systens adaptively control transm ssion power levels. In a TDD system
~ many comuni cations may share the sanme tine slot and spectrum Wen a UE
321 or base %%géhonﬂég; IS receiving a specific communication, all the
other co iSHEE epde insa sigotehims alve id e P [,{rn:# cause
interference to the specif?c connunica??gﬁFQ%ﬁgggggﬁﬁé gk¥$%i%%ﬂ§%ion
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-communication degrades the signal quélity of all other communications within that
time slot and spectrum. How‘zever, reducing the transmission power level too far
'_res,l_llts in undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at lthe
| recgivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power control is used. |
One approach using transmission povéer control in a code division multiple
.. | access (CDMA) communication system is described in U.S. Patent No. 5,056,109
{ . (Gilhousen et al.), A transmitter. sends a communication to a particular receiver.
Upon reception, the received signal power is measured. The received signal power
is compared to a desired reéeived g-ignal power. Based on the comparison, a control
?)it is sent to the transmitter either increasing or decreasing transmission power b;y a
fixed amount. Since ﬂ1¢;receivcr sends a control signal to the transmitter to control
the transmitter's power level, such power control techniques are common] y referred

to as closed loop.




the transmtter's power |evel, such power control techniques are commonly
referred to as closed |loop. -2 tinder 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 nay not be able to adapt fast enough
to conpensate for the changes. The update rate of closed |-oop power

control in TDDgks L.cal | v..100 cl es per ich s not sufficient
for fast fadi ﬁ@l%ﬁéﬁk@v@?f%\@%%@%ﬁ%&fi@f@@ﬁsﬂ Eg%{}ﬁﬁz“‘r trolling
a transm ssion power level of a nobile termnal in a satellite

comuni catFarinsganse dficomhmnjpations scohbetwiecen abiBwul dbaselstationare iroskighlyoop and
an open-l-oop el enent. For the closed-loop elenent, the base station
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strength. féﬁtﬁﬁ%ﬁ%ﬁeﬁo' 5,542,111 discloses a nethod for regul ating
transm ssion power control of anpbbile station using long-ternmand

short-termtr m ssj ower
W98 459624 \é?scloses a method for controlling a transmission power

level of a mobile terminal'in-a satellite communication system. The pd_Wer control
method has both a closea-loop and an open-loop element. For the closed-loop
' element, the base station calculates the mobﬁe terntinal's power sctﬁug based on the
strength of the signals received from the mobile terminal. The base station takes into
accduﬁ the propagation delays of the; sal;(_allite system . in the power setting
' déterr’nination. For the ;')pen-lqop clement, the strength of the received signai from |
the base station in each frame is compared to the strength of tﬁe signal received in

the previous frame. The transmit power of the mobile terminal is adjusted inversely

with the variations in the observed signal strength.

U.S, Patent No. 5,542,111 discloses a method for regulating transmissiﬁn

~ powercontrol of a mobile station using iong-tcrm_ and short-term transﬁlission p.c-)wer
control. Long—teim power confrol occursin a base station on the upperlevel forming
aclosed control loop. A decision authority statement is communicated from the base

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




control. Long-term power control occurs in a base station on the upperlevel
formng a closed control |oop. A decision authority statenent is

comuni 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 Nunber 0462952 discloses a method of regulating or adjusting the
transm ssion power when transnmitting signals between a nobile station and a
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comruni cat it.@ﬁgm@idagneﬁ reaémgn with time slots for comruni cati on, I conpri ?l ng:
nmeans for receivin rrets and, in a first time slot, a first
communi cati on g%qrn'@liya [ ﬁ?rd Et% Srnate, QAProaghig t?‘rﬂ'é‘g'fﬂni ?t%j‘ahq‘ﬁ‘lﬁt%éf‘ | evel of
sai d conmipy (Eaasmission ppwanievelsor determ ning a path loss estimte based in
part on said measured power |evel and said received power |evel; means for
setting a transm ssion power |eve %I{M@égétransm' ssion of a second

communi cation in a second tine sl din part on the path | oss
In accordance with one aspect of the present invention, there is provided a user

equipment for a spread spectrum time division duplex communication using frames with time

| slots for communication, comprising: means for receiving target adjustments and, in a first time
slot, a first communication having a transmit power level and measuring a power fevel of said
communication; means for determining a path loss estimate based in part on said measured
power level and said received power level; means for setting a transmission power level for
transmission of a second communication in 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 the target adjustments, said first and second factors being a
function of a time separation of the first and second time slots; and means for transmitting the
second communication in the second time slot at the set transmission power level.

In accordance with a another aspect of the present invention, there is provided a user
equipment for use in a spread spectrum time division duplex communication system, using
frames with time slots for communication, comprising: a device for receiving a first
communication in a first time slot and transmitting an amplified second communication in a
second time slot; a channel estimation device having an input receiving said first communication

for producing channel information: a data estimation device responsive to said first

communication and said channel information for producing interpreted data; a power
measurement device responsive to said channel information for determining a received power
level of the first communication; a path loss estimation device responsive to said measured
power level for producing a path loss estimate of the first communication; a quality
measurement device for producing a quality measurement based af least in part upon a time
separation of the first time slot and a second time slot; a transmit power calculation device
responsive to said path loss estimate and said quality measurement for producing a power
controt signal based at least in part upon said path loss estimate weighted by a first factor and a
target level adjusted by the target adjustments, a long term path loss estimate weighted by a
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estimate weighted by a first factor, a long termpath | oss estimte

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

adj ustnments, said first and second factors being a function of a tine
separation of the first and second time slots; and means for transmtting
the second comunication in the second tine slot at the set transm ssion
power level. In accordance with a another aspect of the present invention,
there is provided a user equipnment for use in a spread spectrumtine

di vi si on dgpdopx f@d@dﬂﬁbﬂér&atm@mrs?tyaﬂdeé@cohtﬁ'féwars aF@'BEs%dV\ht;?hnt bABhe | fakigy f or

communi cati_on for recei irst ~ communi cation in
afirst tineorg reme rc'ﬁﬂ%?%' bl eth Pﬁ'@g Qﬁ PR ICPR ﬂg"glealf'ﬂ AFCVHFERATEAEYh in a
second ti mé by t@ﬂsm'éeddhﬂﬂﬁ Aedonéting stettioramplifieing e sévand spraunicatiop idsporeseitori ng

sai d first teqEkniontdisRRal 1§ BloditeQflinpilied BRBMELormUnREEBR b ORnsRisSI 8
estlnatlonsg?}émg@n r &SR on5|ve to said first conmmunication and said ‘channel
i nformation %éMC|ng interpreted data; a power neasurenent device
responsive to sald channel information for determ ning a received power

| evel of the first communication; a path | oss estinmation device responsive
to said neasured power |level for producing a path |oss estimate of the
first conmmunication; a quality neasurenent device for producing a quality
measurenent based at least in part upon a tine separation of the first
time slot and a second tinme slot; a transmt power cal cul ati on device
responsive to said path loss estimate and said quality measurenent for
produci ng a power control signal based at |least in part upon said path

| oss estimate weighted by a first factor and a target |evel adjusted by
the target adjustnents, a long termpath |oss estimate weighted by a -3a
second factor, wherein the first and second factors are based in part on
the quality
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nmeasurement; and an anplifier receiving the power control signal and a
second comuni cation to. be transmtted in the second tine slot for
anpl i fyi ng the second conmuni cation responsive to the power control signal
to produce the anplified second conmuni cation for transm ssion by said
.receiving device. -3b BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
Illustrates a prior art TDD system Figure 2 illustrates tinme slots in

repeating franes of ap chart of outer

| oop/ wei ght ed open | oop povver %ﬁ%{f@ﬂsﬁe@f‘m&% Sgr am of conponents
of two conmmuni Cf.IIOI’l s{ ations using outer |oop/weighted open | oop power
control . Fi gur et gure 13llusteates apriotast FOO systance of outer | oop/wei ghted open
| oop, weight edFopen loop and cl osed | oop power control systens. Figure his

a graph of the uee 2 sSMedoe o k Error Rate

. (BLEB)". DETAI LEDIQDESCRI PTI %@ﬁé%ﬁ%ﬁ%m%ﬁq\% %‘n’é preferred
enbodi ments wi Iy Qpegl |be h reference to the drawing. figures where

li ke numerals represamt PWeC f@l?Wb‘WOPmdemmbmoght ed open
| oop power. control wll be expl ained using the flow chart of Figure 3 and

t he conponent s Fdguxehiss dqagra&meﬂcmnpmunwaftmc&hﬁﬂn%&oﬁ]sﬂa&bﬁ‘@i shown .
in Figure 4. For the follow ng discussion, the communication stat §n havi ng .

outer loop/weighted open loop power control.

Figure 5is a graph of the performance of outer Ioop/wcighfcd open loop,
weighted open loop and closed loop power control systems.

Figure6isa graph of the three systems performance in terms of Block Error

Rate (BLER).

~DETAILED DESCRIPTION OF THE PREFERRED EMODMEN TS
The prcferrcd embodiments will be described with-reference to the drawmg-
“figures where like numcrals represent like elements thrpughout. Outer
'loop/weigﬁtcd open loop powér control will be ex-l-Jlained using the flow chart of
. Figure 3 and the compoﬂcilts of two sim;iﬁfied communication stations 110, 112 as
sl‘xown inFigure4. For the following discussion, the communication staﬁén having
its transmitter's power controlled is referred to as the uaﬁsnﬁt&ng station 112 and the
* communication station receiving power controlled communications is refel;red to as
| the receiving station 110. Since outer loop/weighted open loop power éonlrol may
bef 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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.its transmtter's power controlled is referred to as the transmtting
station 112 and the conmunication station receiving power controlled
comuni cations is referred to as the receiving station 110. Since outer

| oop/ wei ght ed open | oop power control may be used for uplink, -downlink or’
both types of conmunications, the transmtter having its power controlled
may be associated with the base station 301, UE 321 or -4 both.
Accordingly,, if both uplink and downlink. power control are used, the
recei vi ngo d Aqcardinglyi iih ot aplinkn'and cdoneniisio e var econti®d Gir@iged, Wikkh bot h
the base station 301 and UE 321. The receiving station 110 receives

vari ous fredivind iedluq it61 Sl | ' | rami he
transmtting sét ati onﬁﬁlﬁﬁﬂg?ﬁgégﬁegﬁﬁhﬁ‘? %@?%@aaﬁ {gﬁﬁ}(@f 91,6 lglar?eant enna
array, s 3 Th i ved signals are passed thorough an isolator 66 to
a demdu%tgﬁ%qgg@qfsugre%uce a baseband signal. The baseband signal is '
processed, such as by a channel estimation device 70 and a data estimation
device 72, iThategeivingststint bl (wedeivkd varidie radipifeRubatLsigRASmcahgned to
the transmtting station's conmunication. The channel éstinmation device 70
comon! Yedihs@ read i [ n N _the basebang_signal to
provi de chan‘?l%i}cafﬁ%l%gorfﬁ%r?i 21% &3%@'%&%%%%2?% WeE s A2 ﬁsg§-, 0?EI:J'he
channel infornmation is used by the data "estjination device 72, the

i nt er f erANTERRGRAR ARG s, Slep 384 Thergceined siganksmie passodhorawdlrar at i on

. device 76." The data estimation device 72 recovers data fromthe channel by
est i mat iisgaton66 tey dboiodulaser@® tolpeodivanitalsebHdigRill The baseband signal

is 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 'tfansmitting
-station's commumication. The channel estimation device 70 commonly uses the
training sequence coinponent 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 _iﬁterference measurement device 74, and the transmit
power calculation device 76. The data estimation device 72 recovers data fﬁm the
channel by estimating soft symbols using the channel information.
Prior t0 transmission,of the communication fronithe transmitting station 112,
the data signal of the - communication is error emcoded -using an exror
| detecﬁtion/cq;rection encoder 110.' The error eﬁcoding scheme is typically a circular
redundancy code (CRC) fol}owed by a forward error ;:on'ection encoding, although
other types of error cncoding schemes may be used.

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

Detection device © . 117 detects errors in the soft symbols. A processor 111 analyzes

" the
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Prior to transm ssion, of the communication fronthe transmtting station
112, the data signal of the comrunication is.error encoded using an error
detection/correction encoder 110. The error encoding schene is typically a
circular redundancy code (CRC) followed by a forward error correction-
encodi ng,. al though other types of error encoding schemes nmay be used.
Usi ng the soft synbols produced by the data estimation device 72, an-error
Det ection,devi ce 117 detect,s errors in the soft s nbols.,A_groces r o111 °
anal yzes deteetederar e enprpTsaledpRihedecel BjigatORSEcR -
recei ved comuni cation, step 39. Based on the error rate, the processor
111 det erBagedsor R @foriale, the prad¥ssod 11 dideedrmihevbil antoudl, ifang, 4 arp&t si gnal
to interference ration (31 RTAR(jor), needs to be change at” the

transmtting station 112 .. step.40..Based on idie determ ne mount , .a target
i wst rerdeveh S s taggeh ighhf i erae ap i (B raeniieds b BF BhBheed | “The
target adjustment is subsequently sent to the transmtting station, step

41. The tathetansitisg station 132 sitep 40e B dsed bhdhe detesminediangpusitpa tavget112,
such as using a dedicated or a reference channel. One technique to

ovier |t NG AAEHEha S T e ekl BB acitflor (05 TS RRCC ol

the target,level js set at -an unacceptably, | ow | evel and, peeds to be-

i ncr ease&.dﬁlﬁnpﬁli}tg@t subgequengly;sent rethe YppsBitting station, steg 4kt | . We8tncr ease

.in.the target

(:_-_:_j} adjustment is signaled to the transmitting stétion 112, such as using a dedicated or
a reference channel. B
One technique to determine the amount of adjusﬁncnt in thé targct. level uses
an uppc;f and léwef threshold. ¥ the determined error rate exceeds an upper
| threshold, the target lelvcl is set at an unacceptably low level and needs to ‘be
increased: A targetlevel adjt_lsﬁnﬂnt signalis sent indicating an increase in the targét
) Jevel. If the determined errorrate is below.a second &meshold, the target level is égt
at an unnecessarily high level and the target level can be decreased. By reducing the ..
target levei, the transmitting statiqn'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 hmxt, a taréct adjustment is
sent. Asa result, high error rates are improved quickly and lower error rates are
- adjusted slowly, such as once per 10 seconds. K 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. Bach CRC block is checked for an error. Each time a frame is determined
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level. If the determned error rate is below a second threshold, the target
level is set. at an unnecessarily high level and the target |evel can be
decreased. By reducing the ., target level, the transmtting station's
power |evel is decreased reducing interference to other communications
.using the sane time -slot and spectrum To inprove performance, as soon as
the error rate exceeds the upper limt, a target adjustnent is sent. As a

result, hi rQr t r.e .. nprove uickly and | ower error rates are
adj ust ed sfﬂo%ﬁﬁse&% @é"‘%ﬁ%r Sﬁ?"%ﬂ@gcéﬁ n 35 the |geunter gxcecds an uppaset ween
t he thres&%&si a target adjustnent is not sent maintaining the sane

target |ev |Spchast hé tabd tienasethbrdegired thlock entei €46 UBLER)CRG FEC
encoding follows. Each CRC block is checked for an error:. Each ti a

‘frame is deljesurieneds seM IRrddNS AR GFERT cqyn | §d ement AS: soon
as the counter exceeds an upp}eé% thre%ﬁc}%‘?' sgléh&gésﬁ.a? S@W@ﬁﬁ?ggh?he
a target _adjustnent is sent increasing

desi red blpgk. t LER).
the 1 ar got TEvAr b G 112 B linabremacite SHmiver 1t FemBIRpngviiERl on.

- 112, the increase in the SIRTARCEP is sent (SIRING, which is typically in
a range oftyPiColy ¥ range of 8.29 dB thé dBUNIfelie mim%ﬂcaaeﬁaﬁ&&&&&hgfe?ﬁj
exceeds a predetermned limt, such as 1000 bl ocks, the val ue of the
count er i excesiRRApRActenthd NGRS - ta 0.6 tines the

‘desired BLER |f 1tf)he nurber of” g%%tﬁ%gbg?gi e‘rrﬁjcs)ergalﬁg ogég%\ﬁo?’ﬁ@rfsomer

nal_is sent decreasi the target |evel,

t hreshol d rget | u nt. . si n
SI.RDEC. Ac‘t"?)’&t"%é’l%raaﬁ’ &L i#lr%g‘?%eﬁcﬁés&%@ Oybtimesithe dasired BLIBR o fif BARDEC may
he ' based on SIR _and a target block error rate,

number of counted block errors is below the lower threshold, a target adjustment

signal is sent decreasing the target lev'cl, SIRpec- A typical range of SIRp, is 0.25
to 4 dB. The value of SIR pec may be based on'SIRINC and a target block error rate,
BIERTARGET. The BLER p4pey is based on thf:‘- tsrpe of service. A typical range for
the BLER ey is 0.1% to 10%. Equation 1 illustrates one such approach-for
ﬂétennining SIRpec.

SIRpge = SIR e X BLER 1y pger/(1 -‘EIERTARGEr) - Equation 1 |

* If the count is between the thresholds for the predetermined block limit,. a target
adjustment éignal is not sent.

Alternately, a single threshold may be used. I the error rate exceeds the
threshold, the target level is increased. If the error rate is below the threshold, the
targetis decreased. Additiona]]y, the target level adju.stment signal may have several
adjustment levels, such as from 0 dB. tc_) +4 dB in 0.25 dB increments based on the

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




BLERTARGET. The BLERTAXWET is based on the type of service. A typical range
for the BLERT,xGE. is 0.1%to 10% Equation 1,illustrates one such
approach for determning SIRDEC. S)RDEC = SIR ne x BLERTARG r/ (1 -
BLERTAR(3Er) Equation 1 |If the count is between the thresholds for the
predeterm ned block limt, a target adjustnment signal is not sent.
Alternately, a single threshold nay be used. |If the error rate exceeds the
threshold, the target level is increased. If the error rate is below the
threshol d, .t helhe dnlgferange dmeammstacnt deidie iTnaf Itie febeivind Bitioh SVR)

adj ust nrent signal may have several adjustnment |evels, such as fromO dB to
e determ ned

4 dB in Od@é&nsfies tehiwERlehcBISRIPIBLNE with; S ePELueEn L
error rate and the desired err orngg%b.m’-“?%fﬁfeﬁ%(ﬁ{b@wg&ﬁé&% fRsvent
device 7 receiving station 110 deternines the interference |evel
in dB, I ééﬁ BI\}\%IF 'ﬁti‘oﬁmflﬁ(én’a{g]ﬁ%@ Fsyﬁ‘gﬂﬂg@ﬁ%ﬁ biethednta estimationideviot B2t i on,
»or the softh;t%{nbol_s generated by the data estination device 72, .or both.
Usi ng 't heTsfth. siisingl theasodt sirabals! andnéionisl infekmdtoR, th RS i RONEL,

cal cul ation device 76 controls the receiving station's transni'ssi on power
| evel by cakeBiio!ddvite T | . I Eier.54. For use in estimating
t he pathl oss between thee?%?ﬁ%ﬁe%%m%%ﬁm frensigission povssdevel ®y112 and

i ving station 110 sends a communication to the

sendi ng the rece
transrritgﬁéﬁ%m@&ﬁ?%ﬁmﬁ}ﬁ,mm&me communi cati on maybe sent on anyone

. For use in estimating the pathloss between the receiving and transmitting
stations 110, 112 énd'scuding data, the receiving station 110 sends a comﬁmnicaﬁon
to the transmitting statiqn 11_2, step 41. The communication may be sent on any one
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 communicafion

is preferably sent over a downlink common channel or a.common contirol physical

chammel (CCPCH). Data to be communicated o the transmitting station 112 overthe
reference channel is referred to as reference channel data, The' reference data may
include, as siown, the interference level, I, multiplexed with other reference data,

such as the transmission power level, Ty, The interference level, L, and referenc-;e

channel power level,  Tgs may be sent in other channels, such as a sighaling

»

channel. ' - .
P

The reference channel data is generated byareference channel data generator
'56. The reference data is assigned one or multiple resource units based on the
communication's bandwidth requirements. A spreading and trainin'gr sequence

- insertion device 58 spreads the reference channel data and makes the spread
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of the various channels. Typically, in a TDD system. the channels used for
estimating pathloss are referred to as reference channels, -although other
channels nmay be used. If the receiving station 110 is a. base station 30,
the comunication is preferably sent over a downlink common channel or a
.common control physical channel (CCPCII). Data to be comunicated to the
transmtting station 112 over the reference channel is referred to as

ref erence nifarened ddgtime- : ' ude. as shown, the
interference level, | RS,lﬁHnﬁpgcﬁ%ﬁg@eg wﬂiﬁhg(%%?cé@fqé?@%P%tF&PMMh as

t he transn&ﬁf&f@sg’?%r Iev%, T. The,interference level, IRS, and reference
channel power Tevel eTRSlEngd iesgurcedinits, khorasalingneqrencs is sefelredso as a |
signaling channel. The reference channel data is generated by a reference

. channel ddtanigenisation burss6 ThEenurimcaivnchudad @ shss@ﬁéhﬁj?%%dﬂ&fcd% Juitiple
resource units based on the communication's bandwi dth Teqdirenents. A

spreadi ng aafslifidr FON TG 3SR | I Qn_devi 58 spreads the reference
-channel data and nekes tHe sgﬁg’gﬁhméﬁﬁgﬁo&%ﬁwﬁ%ﬁw Y@l gaviseed wi t h

a traini ng seﬂﬁenctemi_ln the appropriate tinme slots and codes of the
assi gned Pt Gy tisconpmanicalon gy ceateteirougls deefoes adht 8 ada@

comuni cati on burst. The communication burst is subsequently anplified by

an . anpl | EErera®0 50;Rpreating afd aﬁmm@mﬁﬁﬁmwaéﬁcw!ﬁﬁ&aﬁﬁﬁggp py a sum
rough dé

device 62 with any other comruni cation burst created t Vi Ces, such

as ‘a data e onrd: .0 nd trai ni,ng. sequence. i nsertion device
56 -and anpl igf rgf‘@%‘ﬁ & cotthihdith Al at noduthted by & modulator 64. The

Jmodulated 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
ﬁ:rough a wireless radio channel 80 to an antenna 82 of the transmitting station 112,
The type of modulation used for the transmitted cornmunication can be any of those
known to those skilled in the art, such as dircct_ phase shift keying (Di;SK) 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 signal.s are passed tbrough an isolator 84 to a demodulator 86 to produce a
baseﬁaﬁd signal. The baseband signal is processed, such as by a channel estimation
device 88 and a data estimation device 90, in the time slots a..ﬁd with the appropriate

codes assigned to the communication burst éf the recéiving station 110. The channel
estimation device 88 commonly uses the trahﬁﬁg sequence component in the

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




The sunmmed comruni cation bursts are nodul ated by a nodul ator 64. The

nodul at ed signal is passed thorough an isolator 66 and radi ated by an
antenna 78 as shown or, alternately, through an antenna array: The-~-

radi ated signal is passed through a wireless radio channel 80 to an
antenna 82 of the transmtting station 112. The type of nodul ati on used
for the transmtted comuni cati on can be any of .those known to those
skilled 1rn the art, such as direct phase shift keying (DPSK) or quadrature
phase shi e Ciaé@nqxgn‘('cg?gripn iThusediblyetha ad a8 estimatidit déﬁ@&@(b/an@@t[%m% array of
the transmtting station 112 receives various radio frequency signals

i ncl udi nghehdigerhaiiRivi@d2st mrents. The received signals are passed through
an isolator 84 to a denodul ator 86 to produce a baseband signal. The

baseband signgl_ is prqcegsed, such as by a channel estimation device 88
and a data egﬁf%ﬂf’l"%ﬁqﬁ\?giQ‘gﬁ@onqcﬁsﬁeﬁeCQWﬂWb@E comespiitding e thppropri ate
codes assigned to the communication burst of the receiving station 110. The

channel feﬁ@@ﬂqmﬂ‘ianneldﬁ¥§,é£nﬁ&&%ﬁ?@1@pb@@ﬁn&ﬁﬁr&h@ﬁﬁﬂé@%%ﬁfd‘%ﬁcOmonent
in the baseband signal to provide channel information, such as channel

i mpul se beSReNS&Sestini i tion is used by the data
esti mat i on?}eVi ce sQﬁggrlgeVg%\;\%ﬂeﬁe@s%gﬁ’e% CE%‘H}GESS@E@%%@%%@ | evel of
t he procegéﬁ% comruni cation _corresponding to the reference channel, R s,

i s 'rreaSLﬁn _ Qafﬁﬁ-’éﬁmn device Hlarernapable afseparating thereferehce ehammiehi 0ss
estimation device 94, step 42. Both the channel estimation device 88

from all other channels. If an automatic gain control device or amplifier is tised for
processing the received signals, the measured power level is adjusted to ;:onect for
the gain of these dcﬁce; at either the power measurernent device 92 or pathloss
.estiination 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_, pathioss estimation device 94, quality measurement device - ‘98, térget 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, Tys. The communication's transmitted
power levgl, TRS’ may‘be sent along with the cominunicaﬂon'_s dataorin a signaling
channel. If the power level, Tgs: ‘is sent along with the cqmmxinication‘s data, the
data estimation device 90 interprets the powerlevel 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 thie base station 30,. By subtracting the received
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and the data estinmation device 90 are capabl e of separating the reference
-chanpel fromall other channels. |f an-automatic gain control device or
anplifier is used for -processing the received signals, the neasured power
level is adjusted to correct for the gain of these devices at either the
power neasurenent device 92 or pathioss estimtion device 94. The power
measur enent device is a conponent of an outer | oop/weighted open | oop

control ter, 100 .As. o i gure_ -4 . LLoon/ wei en |oop "
Gont r ol 1 opodBniGioR3BYet by, R Fropiine Pl Bitiinica AN Bl I Edp 0"
estinmation device 94, quality measurenent device '96, target update device
101, and fevehdig,ithepatbioss asthokton device94 cetiroges the phdh dossi hebatveemtteh | oss,
L, the transmitting station 112 also requires the comunication's
transmtt I 42T % ' Lo, ' r level,
T ay bSFe BaEE; LAY 2, S@p A5 AEABARIARY, SOlohR Ryt LiBRAB Ok R pa BN
~channel. 1f the power |evel., Tas, .is _sent along w th the.comunication's
dat a, t helodbepdaset, stepddo Orexaseploof p lnngterapathloss esimate isadeng ge@ sends
the interpreted power |level to the pathioss estimation device 94. If the

recei vi ngaw&frﬁglgi. OThd féhg terr aRek@e of thé palGHaIL,, A5 aﬁ@.wai(aiga dffthe pagles¥i t t ed
S

power |level, Tps, is sent via the broadcast channel CH) fromthe base

IR i it e e e B e e i
‘pathl oss estimation device 94 estimates the path |loss, L, between the two
%tﬁ] : 8 22 Tothe receivingetaticgy 110 may; transmit a referencg for thn wansmilted powerhe

. a'-v y

level. In that case, the pathloss estimation device 94 provides reference levels for the
| patliloss, L.

| Since TDD systems transmit downlink and uplink communications in the

: sam:; frequency speclrum, the conditions thesé communications experience are

similar. Thisphenomenon 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 eéﬁmated path loss to a target level, a transmission power leve]

- 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 experieﬁced by ﬂ;e.ﬁ*gnsnﬁtted communication may
differ from the calculated foss. In TDD where communications are sent in diffcriﬁg
time slots 36,-36,, the time slot delay between received and transmitted
communicaﬁons may degrade the perfon;:iance of an open loop power control

system. To overcome these- drawbacks, weighted open loop power control
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Lo, is updated, step 44. One exanple of a long termpathloss estinmate is a
long term average. The long term average of the pathloss, Lo, is an
average of the pathloss estimates. In certain situations, instead of
transmitting the transmtted power level, TRS, the receiving station 110
may transmit- a reference for the transmtted power level. In that case,
the pathloss estination device 94 provides reference |evels for the -

patliloss, L. Since TDD s e traps 'h@downlink nd uplink conmuni cati on
PR e s dsseimpineg 6 et eptatepat boss ohtam a GaBlamedivemment devions |
experience are si-mlar. This phenonenon is referred to as reciprocity. Due
to reciprocity, the path 10Ss experienced for the downlink will also be

. experienced for the uplink and vice versa. By adding the estimted path
loss to a target level, a transm ssion power |level for a conmmunication
fromthe transmtting station 112 to the-receiving station 110 is
determned. If a tine delay.exists between the estimated path | oss and the
transmtted conmmunication, the path | oss experienced by the.transnitted '
comruni cation-may differ fromthe cal culated | oss. In TDD where

comuni cations are sent in differi.ng tine slots 36i-36p, the tine slot
del ay between received and transmtted comunications nay degrade the

per f ormance of an open | oop power control system To overcone these _ _
dr awbacks, wei ghted open | oop power contr ol -11 determnes the quality of
the estimated path | oss using a quality neasurenent- device :

G
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-lla 96, step 45, and weights the estimated path | oss accordingly, L, and
long term average of the pathloss, Lo. To enhance perfornmance further in
outer | oop/ wei ghted open |oop, a target |evel is adjusted. A processor 103
converts t-he soft symbols produced by the data. estinmation device 90 to
bits and extracts the target adjustnent information, such as a SI RTARCE. , .
adj ustnent. A target update device 101 adjusts the target |evel using the
target adj 46 The target |evel may he a SI RTARCET or a

t ar get rec%rggﬂ ?S’pgﬁv\cg??ef@’%;ﬁma?s@ée‘i B@ﬁ? &Sﬁ@cgqrémgéh Lyiand g termnsmi t
power cal cul ati on_device 98 conbines the adjusted target level wth the

wei ght ed p&VArage oF thespathless LyL, and | ong term average of the pathl oss
estimate, Lo, to determ ne the transm ssion power |evel of the transmitting

station, step Fé.enBahe P81 ) ' i.,catiqon fromthe
transmtting station llz‘séhics p?%guceg}ggg%ﬂg[ﬂg& Z‘ﬁ%ﬁﬁ PPEB 2R aEsfta is |
error det ei:et‘jepﬂlﬁzloré%gt%on enco;j@g by error detection/correction encoder
110. The error éntox Aracseordidcanvety the sokiesymiiols produeet by tite datar ai ni ng
sequence by the training sequence insertion device 104 in the appropriate
time sl ot s¢HHERIOBdEYicsf I locbisamt @ratcts GsOMr LR adikinerR HISHRARS s h as

communi cation burst. The spread signal is anplified, by an anplrfiéer 106

gl Trer o iy RO LA R el Rl o A RER RNy e iistusloatios 1o

anplifier is ntrol | ed by
achi eve t det erm ned
r}grge?acﬁusments, step 46. The target level may be a SIR 1 pger OF 2 target received

G

- power level at the réceiving station 110.
| The transmit power calculation device 98 combines the adjusted target level
with the weighted‘ path loss esﬁmatc,,L, and long term average of tﬁe pa;tlﬂoss
estimate, L,, to determine the transmission power level of the transmitting stationa‘
step 47, | |
Data to be lrénsxxﬁl:ted in a communication from the lransnﬁttiﬁg station 112
is produced by data generator 102. Thé data is exror detection/correction encoded .
by error 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 stots and codes of the assigned resource units producing
a communication burst. The spread signal is amplified by an ampﬁﬁer 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 det;ﬁnﬁined
transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.
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transm ssion power |evel. The power controlled comunication burst is
passed through the isolator 84 and radi ated by the antenna 82. -12 The
following is one outer |oop/weighted open 1 oop power control algorithm
The transmitting stations's transm ssion power |evel in decibels, PTS is
determ ned wusing Equation 2. PTS = SIRTTRGEF + IRS + a(L-Lo) + Lo + .

CONSTANT VALUE Equation 2 The SIRT"RoET has an adjusted val ue based on the
S val ue of

received targ Lust nent ignals, For the downlink, the initial
SIRT, RQUr is g&‘&&ﬁ“&‘t"‘%@"?? %?Fgﬁpppfwrggh@@ aPEIbleop PRWeEeentugial gokithmuwe r
control, SIRTARGEf is signaled fromthe receiving station 110 to the

t ransmi t thhedransmiitiog statidnsAdcinsintss il phwe 16%:] iNd8i88K, FSTisnieré &dqie for an
adj usted SIRT, RGET may al so be signal ed: The adj usted RTARCEe I's linited
to the muinEUMg@dtsbNi num val ues. IRS is the neasure of the interference
power |evel at " the receiving station 110. L is the path loss estimate in
deci bels, TRs, R r for the nost recent tinme slot 3'.61=360 that the path

| 0ss was " es Tsﬁ"ﬁg%mm,‘* ke abno)tiekamt £BNSTANT AEURt Bqlation 2i n

deci bels, is the running average of the pathloss estimate,, L. The CONSTANT
VALUE is a cofh@SiRqp,d hnean Idjeste@NaitANEsod b eGoEdifEd &%&%dﬁsﬁa{tences In

the uplink and downlink channels, such as to conpensate To erences.in

link ' o rh, b N TANT VALUE id
o, SBESHo R S SRR B A or

correction if the transm’t powe

Is transmite | st ea - :
station fllz. %‘%r upgnk power control, SIR 1,z i8 signaled from the receiving

station 110 to the transmitting station 112. Additionally, a maximum and minfmum
value for an adjusted SRy, ey may also be signaled. The adjusted SIRyp,pes;is
limited to the maximum ;elnd minimum values. Iy is the measure of the interference
-power level at the receiving station 110. |
| L fs the path loss estimate in decibels, TRS - Rﬁ, for the most recent time slot
'3‘61'-‘-36,,i that the path loss was estimated. L,, the Iong term average of the path loss
in decibels, is the runni_ng average c;f the pathloss estimate, L. The CO_NSTANT
VALUE is a correction term. The CONSTANT VALUE corrects for differences in
the upiink and downlink chaimels, such as to compensate for differences in uplink
and downlink gain. Add_jtionally, the CONSTANT VALUE may prdvide correction
if the transmit power reference level of the receiving station is transmitted, instead
. of the actual-lmnsmit power, Tys. 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 eétimated path loss

and is, preferably, based on the number of time slots 36,-36, between the time slot,
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of the actual transmt power, T. If the receiving station 110 is a base
station, the CONSTANT VALUE is preferably sent via a Layer 3 nessage. The
wei ghting value, a, is a neasure of the quality of the estimted path |oss
and is, preferably, based on the nunmber of tinme slots 361-36" between the
time slot, -13 n, of the last path loss estimate and the first tine slot
of the communication ‘transmtted by the transmtting station 112. The

val ue of a i be ween zero and one. Cenerally, if the tinme difference

bet ween t fre® fﬂ?ﬁs a5t pad Jags semsimate and thecinst thme k1ot asiStheesbifRbafbh! be
fairly accurate and a is set at a value close to one. By contrast, if the

time diffeasmited by thet@asmitifg Eﬁhﬁnhqssmg,? ?%#)eﬁg%glbz%(gg%&? and

the long term average path | 0ss neasurenen

timat di t at | | t
oo, Equat 55#5?3‘*2%9!% fifterese E{vé?ﬁ%%m%@h%a sl e rement pth kDD - 1)/ (D

'1) Equation 3 = max { 1-(D-1)/ (D~ wd -1)> 0} Equation 4 The val ue, D,
is the n m’""‘d’?l“tb@rfélrbﬂa@pmd%isdaeaNMuéélﬁséﬂo%eSWC gr st
pat hl oss estimate and the first tinme slot of the transm'tte cbm‘rum cati.on

ot o 1a one e el Begat e Pl B ecuidee i ciiiondiam For &

slot, a is one X1 mum possSI
frane ha\é\, slot IS s |f the delay is D., ais zero
D e e PRSTE8s B BorBinght i s B by epbmmtentorghopath ices povier
control .Alf t.he de| ay exceeds D...Hpwd, open |oop

cordingly, a'is set at a value closer fo Zero.

Equations '3' and 4 are equations for determining .

oa=1-(D- 1)/(Dm-1) - " Equation 3
o =max {1-D-1)/(D. _uiowea -1), 0} Equation 4

The value, D, is the number of time slots 361-36 bctwcen the time slot of the last
E path loss estimate and the first umc slot of the transmitted communication which will

be re’fcned to as the time siot delay. If the delay is one time slot, o is oné. D, is
the maximum possible delay. A typical value for a frame having fifteen time slots:
1s seven. If tlile delayis D, « is zerd D ax sttowea 15 the maximum allowed time slot
_delay for using open loop pbwcr cc_mtrol. If the delay exceeds Dax-atioweas 0pet loop
power control is effectively turned off by setting o = 0. Using the transmit power
level, Py, determined by a transmit power calculatmn devxce 98 the transmit power
of the transmitted communication is  set,

Flgures 5and 6 compare the performance of the weighted outer Ioop/open

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




Is effectively turned off by setting a = 0. Using the _
transmt power level; P,.5 determned by a transmt power calcul ation
device 98 the transnit power of the transnitted conmunication is set.
Figures 5 and 6 conpare the performance of the wei ghted outer |oop/open

| oop, open | oop and cl osed | oop systens. The sinmulations in Figures 5 and 6

were -14 perfornmed for a slightly different version of the outer
the target SIRis

| oop/ wei ght P.1: oLk, thm "In_this version,
updat ed every °819‘§§ I{{)P% %ﬁ@hié&ﬁ“r@% vessity ebdieqonter loap/weighesd opendiop
detected and decreased if no block error was detected. The outer

| oop/ wei ght?&#PTilan Indbis eysiventhe sageE8IRals witabed SRR BIGE. 34 VEIR, Usedis 10
cal cul ate a. The sinulations conpared the performance of the sYSCENs '
the sinmulations, 16

cont rol | i ndncreasklFifs tldck | fapd I . For

CRC. bits were padded ev%%ﬁ#oﬁé&&nﬁ%c&%igﬂoﬁ?c%%‘B‘i‘ s 4
frames. A %Qg%gforor Waﬁ geclared when at | east two raw bit errors occur.
over a bl ock. e 6’8{‘?’% ted/psR feop system wsed ayation 2sEiyation Grveastiiss@ S| ot

" per frame. The target for the block error rate is 10% The SIRT,Rcy. is

updat ed evioroplenlate anthe siﬁhﬂatﬁmub@%b&ﬂ%h@}f&f(ﬁﬁﬁnéé@f tRB gfsfté]{?%@dh(&%]% t t\e 3 e
our. The sl at e

"systens for a UE 32, traveling at 30 kil oneters per

base st at i DUE4I20itrhienid ' | for ept j.t.h each antenna
having a three flgnger R%EEB}B g’gglleygff %‘oﬁ:ﬁesﬁ%ﬁ%ﬁ# QB bits were padded
estimati on based on a m dantbl e sequence of

realistic, | ;and SIR
burst t ype‘*‘.’ﬁg’ﬁ]‘!’;‘ﬁ% IP;‘}'QC YRwlgioaseachdlonk wardt frimes. whiblaxk@aos siaa dectaicgie
(AV\GN) The sinulation used an |

- when at least two raw bit errors occur over a block. The uplink communication

power control

chmel is assignegi 6ne time slot per frame. The target for the block error rate is
10%. The STRyygeg is updated levery 4 frames. The simulations address the
performance of these kystems‘ for a UE 32, traveling at 30 k:ilometerg per hour. The
simulated base station used two antenna diversity for reception with each aﬁtenna
.haying_ a three finger RAKE receiver. The simulation approximated a realistic
channel aﬁd SIR estimation based on a midamble sequence of burst type 1 field in
the presence of additive white Gaussian noise (AWGN). The simulation used an
International Telecommunication Union (ITU) Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no unce:tainfy. Channel
coding schemes were not considered. 1., was set at O db.
Graph 120 of Figure 5 shows the performance as e#pected in teﬁns of the
required E¢/N,, for a BLER of 10" as a function of time delay between the uplink
time slot and the most recent downlink time slot. ;I‘he delay is expressed by the

number of time slots. Eq is the energy of the complex symbol. Figure 5
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_International Tel ecomrunication Union (ITIl) Pedestrian B type channel and
~ QPSK nodul ation. Interference | evels were assuned to have no uncertainty.
Channel coding schenes were not considered. Iro was set at 0 db. G aph 120
of Figure 5 shows the performance as expected in terns of the required '
ES/No for a BLER of 10-' as a function. of tine delay between the uplink
time slot and the nost recent.downlink tinme slot. The delay is expressed by

t he nunberd&mhomh‘m&s'&ia@,tvﬁlen N of .the conplex synbol. Figure S
-15 denpnstrates that, Men%ﬁrt%?gﬁ%ﬁfé%mﬁwFW?%ﬂlemd,‘ t he

performanceyr ¢ he. i ned, systemis alnost identical to that of weighted
open | oop g)yfsﬂtqér%bﬂ’l eg’n%ﬁé]%‘i"ﬁefﬁnwgtdéﬂil@]ttgéh&tmfmiglued@bgﬁ%bﬂ SARgy st em

f-or all delﬁ%s. In the presence of gain and interference uncertainties, the

transnit t ed i5epEtbined systeim ofitpetforap & d1624 18¥ fg{é | r. too high or too
| ow of the nonunal value.. In graph 122 of Fi%kreﬂg,ﬁcogﬂgg?eiﬁy%ncertai nty of |

-2 dB was used. Ifh@Wr&efes . BLEB as a function of the delay. The
initial reference S ng%sgpé‘%?agggﬁe‘gffgpﬁwwém%ﬁ the rangmited pesypondi ng

nom nal vajﬁgglmﬁgi ned from Figure 5 1in order to achieve a BLER of 10-'.
Figure 6 shows thHaPPR IPopHasispEissttber top higl or tondewtafithé Nombial Rafiuhe
conbi ned and cl osed | oop systens achi eve the desired BLER. The perP(l)rmance.

- of  the webghk 422 of igursoh mgedh eUERNRY N2 UROKANESod. (Figuid € shows the
BLER as alfunclion of the delay. The initial reference SIR 1 4peer foreach 'system was

¢

set to its corresponding nominal value obtained from Figure 5, in order to achieve
a BLER of 10", Figure 6 shows that, in the presence of gain uricertainty, both the

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

the wcighted open loop system severely degrades. -

* %
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CLAIMS: 1. A user equipnent for a spread spectrumtune division duplex
comuni cation using franes with tinme slots for comuni cati on, conprising:
nmeans for receiving target adjustments and, in afirst tinme slot, a first
comfruni cation having a transmt power |evel and neasuring a power |evel of
said comuni cation; nmeans for determning a path | oss estinmate based in
part on said neasured power |evel and said received power |evel; neans for

setting &4 sm ssion power |evel for transm ssion of a second
commni%—n—%@—’rn'a second time slot based in part on-the path | oss estimte

wei ghted by a first factor, a long termpath |oss éstimte weighted by a

second factor and a target level asjusted by the target adjustnents, said
' separation_o the first

first and segond . or s. bei a fungtion of, a Line .

and second t e s‘i&gg ;eqa’ﬁaﬂeﬂg@ﬁ§315f8%ff$nesﬁ%ﬂﬁq pistopdupleg sppmpmisationcat i on
in the second ting slot at the set transmi ssion power level. 2. The user
equi pneﬁ?mg%ﬂﬁeéi"wﬁ@Eﬁkﬁéﬁrmmgmcmmg:or determning the longterm
path | oss estimate based at least in part upon an average of path |oss
esti mat es of meforieceivingtagdadinstmenia andpinfa firsttinsd o, 8 firdt CotemERgend
station. 17 3. The user equi pnent of claim2 wherein the first station

f ur t her hawngpa trapsmit powanizviland drbeiitipn pitver 1VeboS da¥d cdam@lichlig: Pat h | oss
estimate which is based in part - '
means for deormining a path loss estimate based in part on said measured power
level and said received power Jevel;
means for sefting a transmission power level for transmission of a second
communication i & second time glot 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
asjusted by the target adjustments, said first and second factors being a function of a time
separation of.the first and second fime slots; and
' mcans for transmitting the secoﬁﬁ commmication in the second time slot. at the set

7

transmisgion power level.

2. The user equiﬁment of cleim 1 further compriging:
mgans for determining the long term path Ios.s estimate based at least in part upon an
average of path losg estimates of commuatdcations sent from the first station fo the second

station,
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on a nunber of tinme slots, D, between-the first and second tine slot; and.
wherein the first factor is a and the second factor is 1-a. 4. The user
equi prrent of claim 3 wherein a naximumtine slot d el -ay is Dand ais
determined by: 5. The user equi pnent of claim3 wherein a nmaxi nrum al | oned .
time slot delay is D and the determned quality, a, is determ ned by. a=
max 6. A user_equipnment for use in a spread spectrumtime division duplex
comuni cat i on3sy.stﬁmu59%¢%@mﬂmﬁ§1ﬂmﬂlwhﬁr¢hﬂzﬁlﬁlstsmﬁ:m fiwtien oomptiseen,
conprising: a device for receiving a'first commnication in a first tine

sl ot and tr anssrirstfondetamminignl qufalioy oS 6£1h8 patAnTR eatismtd Which s BagAGA Rent | Me
slot; a channel estinmation device baying an input receiving said first

CONMUNI CahigGhmfiRF of M8 16t DOLERARA Ble 8 MR time for, andat @ estimation

devi ce responsive to said first conmmunication and sald channel information

for produci nggd r t: repent device responsive to
sai d channel g‘lﬂﬁgf‘}(%]?ln@%%wlggtﬁgﬁgﬁeﬁm%@"@ed power |evel. of the

first conmunication; a path loss estimtion device responsive to said

~ measured power |evel for producing -a path loss estimate of the first
communi cation; a %igl ity measurenent device for producing a quality
measur ement hs ed 1€ U squipment of glaimvehierein o muainsep dime slotdely is B, ind st
tine slot and a second tinme slot:

: o.is determined by: - '

=1~ (D - DDy -1).

5.. The user equipment of claim 3 wherein a maximum allowed tihle slot delay

38 Dy apiones 800d the determined qualify, o, is dq:mnn'ined by:
' 0= 0% {1-(D- /D1, 0}.

6. A user cquipment for usc in a spread spoctmm tirme division duplex
commmication system, nsing frames with time siots for communication, comprising:

a device for receiving a first communication in a first fime slot and transmitting an
amplified second communication in a second time slot;

a channe estimation device having an input receiving said fitst communication for

 producing channel information;

- 18 -




a transmt power cal cul ation device responsive to said path | ess estimte
and said quality neasurenent for producing a power control . signal based at
| east in part upon said path |oss estimte weighted by a first factor and
a target level adjusted by the target adjustnents, a |long teen path | oss
estimate weighted by a second factor, wherein the List and second factors .
are based in part on the quality nmeasurenent; and an anplifier receiving
the power con@dsta estigration akdice respomiet: twosdd fiise bmeRmALBE anll kHATHhidepd 1 N
the second time .slot for anplifying the second comuni cation responsive to
the powerinfbonation fod pedating diBhedbEgth;ne anpl i fied second communi cation for
transm ssion by sald receiving device. 7. The user equipnment of claim®6
further conprighiwek q her Jor produci CO nicajion_data: -
1911 A s hpaR medhulie AR BBl O B PR drig
I.nput regejiVv th C I gation data,for producing the second

communi cgt?‘%’%’?]‘%?#Wﬁ‘%%ﬁeﬁWW% a nodul at or havi ng an i nput
receiving the a Li fied second comunication for- nmodulating the anplified
second com‘rurﬁpﬁgﬁ Qs ostsnationidsvice egpensisp tp stid meagnred powes levéldor; pro@ucidihe user -
equi pment of claim6 further conprising: a denodul ator having an i nput '
recei vi ngPatidossegimetsdf the st commmication; on for  produci ng a baseband _
signal ; and wherein the channel estimation device and the data estimation -

devi ce each Heaypmlignmeasuremient device for produciﬁg a quality measurement based at least in

part upon 4 time separation of the first time slot and a second time slot:

- a transmit power calenlation device responsive to said path loss estimate and said
quality measarement for producing a power control signal based at least in part upon saixi
path loss estimate weighted by a first facfor and a target level adjusted by the target
idjusﬂnents, a long term path loss estimate weighted by a second fact&r, wherein, the first
and second factors are based in part on the quality measurement; and

an amplifier receiving the power control signal and a second communication to be

transmitied in the second time slot for amplifying the second communication responsive to
the power control signal to produce the amplified second commﬁnication for transmission
o bysaidmceiviﬁg device.

7. The user equipment of claim 6 further comprising:

2 data generitor for producing commmmication data,
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receivfng t he baseband signalL 9. The user equi pnent of claimé6
Is in the range, of zero to one and the

I nput
is one minus

wherein-the quality measurement
first factor is the quality measur enent and the second fact or

t he qual ity neasur ement . 20
a sproading and training sequence insertion device having an inpnt receiving the
communication data for producing the second communication in the éecond time slot; and
a modnlator having an input receiving the amplified second communication for

maodulating the amplified second communication to radio frequency prior to transmission.

| 8. The user equipment ef claim 6 further contprising:

a demodulator havmg an mput teceiving the received first communication for

producing a baseband signal; and
wherein the channe] estimation device and the data estimation device each have an

input receiving the baseband signal.

9. Theuser equipment of claim 6 wherein the quality measurement is in the range
of zero to ome and the first factor is the quality measurement and the second factor is one

minus the quality measurement.
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