OUTER: LOOP/"WEI GHTED OPEN LOOP" POANER CONTROL IN'A  TIME DI VI SI ON DUPLEX )
COVMUNI CATI ON SYSTEM BACKGROUND This invention generally relates to spread
spectrumtinme division duplex (TDD) communication systens. Mre
particularly, the-present invention relates to a systemand nethod
forcontrolling transm ssion power within TDD communi cation systens. Figure
1 depicts a wireless spread spectrumtinme division duplex (TDD)
comuni cation system The systemhas a plurality of base stations 301-30,.
Each base station 301 communicates with user equipnment (tiEs) 32;-32, in
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asystemand method for controlling transmission power within TDD communication
| e | systems. |
Figure 1 depicts a wireless Spread'spe._ctrum-time division duplex (TDD)
'_communicaﬁon systém The As.ystem hasa lplura}ity of base stations 30,-30,. Each
~ base station 30, communicates with user equipment (UEs) 32,-32, ih its operating
~ aréa. Communications transmitted from a base station 30, to a UE 32, are referred
to as dowz_nlin’k communications and communications transmitted ffox_n aUE 32, to
a base station 30, are referred to as uplink commﬁwﬁons.
| In addition to communicating over diffcrent frequency spectrums, spread
spectrum TDD systems cén'y multiple communications o‘ver the s@e spectrum. The
multiple signals are distinguished by their respective chip code sequences (codes),
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeatiné frames 34 divided itito a number of time slots 36,-36,,, such
as sixteen time slots. In such systems a communication is sent in sclccted time slots
36 -36, using selected codes. Accordmgly, one frame 34 is capable of carrying

-rpgltlple commum cations distinguished by both time slotand code. The combination



mul ti pl e comruni cati ons di stinguished by both tine slot and code. The
conbination - 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 cation, one or nmultiple resource units are assigned to that
comuni cation. Most TDD systens adaptively control transm ssion power

|l evels. In a TDD system nany conmuni cations nmay share the sane tine sl ot
and spectrygp UE 32 r .base station 301 is receiving a specific -
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specific communication. Increasing the transmission power level of ‘one
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-communication degradeé the signal quzility of all other communications within that
time slot and spectram. However, reducing the u‘aﬁsmission power level too far
'resqlts in undesirable signal to noise ratios (SNRs) and bit error rates (BER3s) at the
receivers. To maintain both the signal quality of communications and low
fransmission power levels, transmission power control is used. |
One approach using transmission power control in a code division multiple
_‘ access (CDMA) communication system is described in U.S. Patent No. 5,056,109
(Gilhousen et al.). Atransmitter sends a communication to a particular receiver.
Upon reception, the received signal power is measured. The received: signal power
is compared to a desired received gi gnal power. Based on the comparison, a control
bit is sent to the transmitter either increasing or decreasin g transmission power by a
fixed amount. Since the receivér sends a control signal to the transmitter to control
the ransmitter's power level, such power conirol techniques are commonly referred

1o as closed loop.



bit is sent to the transmtter either increasing or decreasing transm ssion
power by a fixed anmount. Since the receiver sends a control signal to the
transmitter to control - the transmitter's power |evel, such power control

t echni ques are commonly referred to as closed |loop. -2 Under certain
conditions, the performance of closed | oop systens degrades. For instance,
i f communi cations sent between a UE and a base station are in a highly
dynam ¢ environnment, such as due to the UE noving, such systenms nmay not be

able to adapt {iaddr cengindondRions, The pedbaninve dftdostddogp sysidine depriales, r at e
of closed |oop power control in TDD is typically 100 cycles per second.
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| WO 98 45962 A discloses a method for controlling a transmission power
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level of a mobile terminal'in.a satelfite communicaﬁon system. The power control
method has both a close;i-loop and an opgn-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takeg into’
accéun£ the propagation delays of -thé sat‘f_:llite systcm- in the power setting
- determination. For the 6§en~lqop element, the strength of the received sighail from
the base station in each framc is compared to the strcngﬂl of tﬁe- signal received in_
the previous frame. The transmit power of the mobile terminal is adjusted ill_VGI'SGlj;'
| with the variations in the observed signal strength. |

U.S. Patent 'Nc_;T 5,542,111 discloses a method for rcgulatiﬁg transmission

power control of a mobile station using iong—term and shon-tgrm trans:nﬁssion ;;c;wer
control. Long—tei'mpowcr control occurs in a base station on the upper level forming
aclosed control loop. A .décision authority statement is communicated from the base .

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



with the variations in the observed signal strength. U S. Patent No.
5,542,111 discloses a nethod for regulating transm ssion power control of
a nobile station using |long-termand short-termtransm ssion power.
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SUMMARY

In accordance with a first aspect of the present invention, there is
provided an outer loop/weighted open loop method for controlling
transmission power levels at a user equipment employing a spread spectrum

time division duplex technique having frames with time slots, comprising: a)

receiving, during a first time slot, a communication including a power level; b)

measuring a power level of said received communication; ¢) determining a

path loss estimate based in part on the measured power level and the

‘received power level; and d) setting a transmission power level for

transmission, during a second time slot based in part on the path loss

estimate weighted by a first factor, a long term path loss estimate weighted by

a second factor and a target level adjusted by received target adjustments,

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

-first and second time slots.

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

communication; b) measuring a power level of the first communication; c)
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receiving, during a first tinme slot, a comrunication including a power
| evel ; b) neasuring a power |evel of said received conmunication; c)
determining a path |oss estinmate based in part on the nmeasured power |evel
and the received power level; and d) setting a transm ssion power |evel
for transm ssion, during a second tine slot based in part on the path |oss
estimate weighted by a first factor, a long termpath | oss estimate
wei ght ed dejermainingod pattf lass estionate based gepart englovestj leseleabtbined @t stoped t ar get
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equi

controlling transm ssion power |evels at a user pment enploying a

spread sEsémaienweiahtedi by g fist tagkora loaghteagupathh lossnestimatesgeightdd ti ne

slots fon ' ' ri.Slng; [ LyiN ring a first tinme
slot, a fqyfgpg%@nq(:?ua?]élcg(g%i%%at%éepg%ﬁjﬁcﬁéﬁ?ga ’tl&e ﬁ%F%eB a‘ﬁBmﬁﬂ cati on;
b) measunihegein thevirst hed skecond fodofs sret a AATBNBRI 6Tt tigR s?argﬁ’oﬁj@f fiegnining a
pat h |OS§_ estimate based in part on power |evel obtained at step (b); and
d) setti nfStAnd eranddingslaiswer 1 evel for a transmission of a second
communi cation during a second tine slot based in part on the path, |oss
estimate weighted by a first factor, a long teampath | oss estimte

wei ght ed '
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by- a second factor, and a target |evel adjusted by the target adjustnent,
wherein the first and second factors are a function of a tinme separation of
the -first and second tine slots. 3b BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 illustrates a prior art TDD system Figure 2 illustrates tine
slots in repeating frames of a TDD system Figure 3 is a flow chart of
outer | oop/weighted open | oop power control. Figure 4 is a diagram of

conponent s of two communi cation stations using outer |oop/weighted open

| oop power control. Fi @REED%@RH’FHDN)OETHB)BW of outer

| oop/ wei ght ed open |oop, weighted open |oop and closed Toop power control

systemns. "Fi gure g ree systens performance in ternms of
Bl ock Error Rateg%'%Lgﬁgﬁ&%sA% E‘%‘% EBES ﬁﬁl B OF THE PREFERRED EMBODI MENTS
The preferred enjodi nents will be described with reference to the draw ng.

figures where i ﬁﬁ?réﬂﬁ#tﬁwsépn@s]@mmlmp&tmmw@ah‘E[‘D)Igbmm Qut er
| oop/ wei ght ed open | oop power control wi |l be explained using the flow

chart of  Fi gur Figueed ig ﬁ]ﬂoﬁ%ﬂ%&mﬁeﬂf)og %ﬁt@?lo' F;ﬁ ?(90 ;ﬁ%ﬂ“ L ' on
: o c he

stations 110,112 as shown in Figure 4
communi cati on st
Iﬁéﬁ&ﬂ‘; dla%,ram of components of two communication stations usmg

outer loop/weighted open loop power control.

Figure 5 is a graph of the performance of outer -loop/weighfcd open. loop,
weightéd 6pen loop and closed loop power control systems.

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

:Rate (BLLER).

DE’I‘A]LED DES CRIPTION OF THE PREFERRED EMBODIMENTS

The preferrcd embodiments will be descnbed with- refcrcnce to the drawing.

figures where like numerals represent like elements ﬂnouéhout. Outer
loop/weighted open loop power control will be cxblai_ned using the flow chart of

. Figure 3 and the componehts of two simﬁliﬁed communication stations 110, 112 as
s%lown in Fignre 4. For the following discussion, the communication station havin g

_ 1ts trausmitter's power controlled is referred to as the h“ax;smitting station 112 and the
communication station receiving power controlled communications is referred to as
the receiving station 110. Since outer loop/weighted open loop power control may
be used for uplink, downlink or both types of communications, the transmitter

‘having its power controlled may be associated with the base station 30,, UE 32,- or

A



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 30" UE 32, or -4 both.

Accor di ngl j f | i, | N control .are used he
recei ving éﬁg{tégﬁg‘%ﬂ@? i ﬁgﬁ’é’?{;ﬁl gﬁ@‘*&‘o?ﬁ‘%ﬁﬁ% & Ogvr%é %)sn%ré) i AY eucfe%i hhe bot h
the base station %g, and UE 32]1. The receiving station 110 receives
vari ous ralfE i 4t HESRH g FaUeTT PFORPHRF RSB RASINCERAE] BHE $thiihe Hase

transmtting station 112 using an antenna 78, or alternately, an antenna
array, stegtaggn3¢nand@B3d2ued signals are passed thorough an isolator 66 to
a denodul ator 68 to produce a baseband signal. The baseband signal is

processed, sucih@sedsiving shRmNallo estdivat b@i&uﬂeydi@eﬁqﬁﬁelﬁ:s}dsi%ﬁhamm@ﬁ{gi mation
device 72, in the tine slots and with the appropriate codes assigned to

the transmbhiithisfthlsORof afOHORGRRERaaID918N800E e ShIRL AN devi ce 70
commonly uses the training sequence cgnponent in aseband srgnal to
provi de chaEneI i nformati on, such %g channel Hg@ﬁlse responses. . The

¢

channel i nfFRREl RN PRlCHRL ATy StRe38ialhy Bepiveh s afehissel thoroyghen
interference nmeasurenent device 74, and the transmt power cal cul ation
devi ce 76. isPhitordiftte sedamadatatayré8diepredicE 2 rasdmud signalaiibe bashatdhégrehannel by
estimating
processed, such as by a channel estimation device 70 and a data estimation device 72, in
the time slots and with the appropriate codes assigned to the transmitting station's
communication. The channel estimation device 70 commonly uses the training
sequence component in the baseband signal to provide channel information, such és
channel impulse responses. The channel information is used by the data estimation
device 72, the interference measurement device 74, and the transmit power calculation
- device 76. The data estimation device 72 recovers data from the channel by estimating
soft symbols using the channel information.
Prior to transmission of the communication from the transmitting station 112, the
data signal of the communication is error encoded using an error
detection/correction encoder 110. The error encoding scheme is typically a circular
redundancy code (CRC).folléwed by a forward error correction encoding, although other
types of error encoding schemes may be used.

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

detection device 113 detects errors in the soft symbols. A processor 111 analyzes the
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soft synbol s using the channel- information. Prior to transm ssion of the
comuni cation fromthe transmtting station 112, the data signal of the

. communi cation is error encoded using an error = detection/correction encoder
110. The error encoding schenme is typically a circular redundancy code
(CRC) followed by a forward error correction encodi ng, although other

types of error encoding schemes nay be used. Using the soft symbols -
produced by the data estimation device 72, an error detection device 113

det ects eiepbfedieirdraad defchmimeanlefror Aitoforeksreesivid bopatizatior, Beep 3.
detected error and determnes an error rate for the received commrunication,

step 39. _Based on the errof rate, t processor 111 deterjines the, anmount,
$1  hny. aBeardan the ger Fitefip pRaCss ol HRUCAETREP TG AMRUD AP PR on
(SI RTARGsr), needs to be changed at the transmitting station 112, step 40.

Based on idvel datlensmh eegervipuito imerfercges ratindj(SER nRpi)giegdato bes chpngedat ed by
the target adjustnent generator 114. The target ~adjustnent is subsequently

sent-to th r L Ng.. .5 ' p : : qhgﬁ gé} “

si gnal ed Pgﬂﬁr@ﬂ?@é‘%‘?&%@@ﬁs@%ﬁﬁ@l ggeds%-%ﬁ'eta@ét%@#ﬁlga a de @%are%& or a
reference channel . One technique to deternine the amount of adjustnent in
‘the t ar geadjustnentsignal isigenesated byrthe fageiradinstmenb enerptor dild. dhiceiapgited
error rate exceeds an upper_  threshold, the target level is set at an
unaccept aphpstn®iit i tabscentlp @8t {oOtheetransmitting station, step 41. The target

(. ;,;' aﬁjustment is signaled to the transmitting s@ﬁon 112, such as using a dedicated or
a reference channel. | |

One technique to determine the amount of adjusﬁnent in thé targcf level nses

an upper and léwa;r threshold. If the determined error rate exceeds an upper

threshold, the target Ic'vel is set at an unacceptably low level and needs to"be

increased: A targetlevel adjpstment signai is sentindicating an increase in the targ:;t

| -le_VelA. If the determined errorrate is below:a second ﬁmeshold, the target level is s.et

at an unnecessarily high level and the target level can be decreased. By reducing the -

o target levei, the transmitting station's power Ievcl-is decreased reducing interference

to other communications using the same time slot and spectrum. To improve

performance, as soon as the error rate cxcecds the upper iimit, a tafget adjustment is

sent. Asa result, high error rates are improved quickly and lower error rates are

adjusted slowly,_such as once per 10 seconds. I the error rate is between the
thresholds, a target adjustrhent is not sent maintaining the same target level.

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

follows. Each CRC block is checked for an error. Each time a frame is determined

-6-



I ncreased. A target |evel adjustnent si gnal I's sent indicating an increase

tn the target level. If the determned error rate is below. a second
threshold, the target level is set ‘ai an unnecessarily high level and the
target |level can be decreased. By reducing the . target l|level, the

transmtting station's power level is decreased reducing interference to
ot her conmmuni cations using the sane tine slot and spectrum To i nprove
performance, as soon as the error rate exceeds the upper -limt, a target

adj ust nent thdaveanerrons counteris incremegied r A 95odmedsake %@ntbfr&&%&%rﬂﬁjgﬂ" y and
|'ower error rates are adjusted slowy, such as once per 10 seconds. I|f the

i ntal i no b ooy a3 o BT Ae ol BRI R e syst em

‘using CRC and FEC encodin foll ows. Each CRC block is checked for an
error. EacKHUSHECH! 15 SRt ingregsing therfarget levalo Ravadiust ther SRy acatther i s

i ncrenented. As soon as the counter exceeds an upper threshold, such as

1.5 to 2 titmpsmitting deatiored1D) e kneesse in MeSIRBLER) is @eﬂtg;s@g,ﬁw)f ﬁ@h&%went i s

- sent increasing the target level. To adjust the RTA

transm tti pghisdiRLinQ hC S&:l.,n the SI I, is sent (SIR .),
whichis O CQ{‘F’%&#%%F“%%’?%E" %@5%&‘%“@%%’?%@?&%@@&% -
franmes encountered cheeds a predetermined limt, such as 1000 bl ocks, the"

val ue of t FECSEEE A RIEdperminghimitg such as 160 bladksetieovalue ofiche asueRist 0 0. 6
‘tines the desired BLER |f the nunber of. counted block errors is below the

Iiower t hr estropareddo taallog&h- thsshisiti®izh as 0.2 to 0.6 times the desired BLER. If the
number of counted block errors is_beloﬁr the lower threshold, a target adjustment
signal is sent decr_easing the target lev.el, SIRpgc. A typical range of SIR . is- 0.25
to 4 dB. The value of SIR pg- may be based on. SIR ¢ and a target Block error rate,
BLERjrcer The BLERpcer is based on thé t&pe of service. A typical range folr
the BLERspger is 0.1% to 10%. Equation 1 illustrates one such approach'for
determining STR . |
SIRpgc = STRpy: X BLERppgger/(1 - BLER pxpcer) , Eqpati_on 1
" If the count is between the thresholds for the predetermined block limit, a target
adjustment Signal is not sent. |
Alternately, a single threshold may be used. If the error rate exceeds the |
fh_rcshold, the térget level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjﬁstment signal may have several
adjustment levels, such as from 0 dB to +4 dB in 0.25 d]_3 increments based on the

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



signal is sent decreasing the target level, SIRDEC. A typical range of
SIRDEC is 0.25 to 4 dB. The value of SIRDEC may be based on SIRING and a
target block error rate, BLERTARGE . The BLERTARGEr is based on the type
of service. Atypical range for the BLERTARGET is 0.1%to 10% Equation 1
illustrates one such approach for .determning SIRDEC. SIRDEc = SIRI NG x
BLERTARGET/ (1 - BLERTARGEr) Equation 1 |If the count is between the

threshol ds 4t ; ' ] -t arget di Ust nrent, signal
is not sent. r{tée}?eﬁg{cg?@%agg@gﬁﬁg egl ctg §1\7Irae(£,~:ijhﬂ(ﬂe Eecﬁ%ﬁgoget%oél e@ T 5S td?er or rate
exceeds the, threshol g, target level is increased. |f the error rate is
bel ow t he t FEEHY evqﬁ%&gf}aﬁsd‘@ 1} the ghanngl; basgd omgigher thsishanngl mforpatiog, get

| evel adjustnent signal nay have several adjustnent |evels, such as fromO
dB to 4 dB ¢mthe sofbsyambolsngeneratoh by theadatelestimatidredevitief Reorcbate Bsihguthensdfihe
determ ned error rate and the desired error rate. -7 The interference

nmeasur ement syaisholscad Cagfe]l InfembRas thel tR@sit pbiveincalchitise H6/ié8 7esntbR the
interference level in dB, las, within the channel, based on either the

Al ) e SO SR 4

device 72, or Ing the s mat1on, the

transmt p r cal cul at.ion deyice.76 controls the receiving statjon's
transni ssi ongonRet B ng'ﬁ? ﬁﬂ?*é’?ﬁ%ﬁ%ﬁcﬂﬁnﬁ apd “%E}FHHWBE%@P%‘P léﬁt For
use in estimating the (ﬁat hl oss between the receiving and transmtting

st ati ons 11HL2 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 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,
Irs, multiplexed with other reference data, such as the transmission power level. The
interference level, Igs, and reference channel power level; may be sent in other channels,
such as a signaling channel. The reference channel data is generated by a reference channel
- data generator 56. The reference data is assigned one or multiple resource units based
on the communication's bandwidth requirements. A spreading and training sequence

insertion device 58 spreads the reference channel data and makes the spread

-8-



112 and sending data, the receiving station 110 sends a conmunication to
the transmtting station 112, step 41. The communi cation may be sent on
any one of the various channels. Typically; in a TDD system the channels
used for estimating pathless are referred to as reference channels,.

al t hough ot her channels may be used. If the receiving station 110 is a
base station 301, the communication is preferably sent over a downlink
common channgl -or .a common_control physical channel (CCPCH). Data to be
~‘communi cat é%%’fféw?ﬁ@aﬂwtmlﬁx@wga Iremingis2quanee it the appferinesme lonel is
referred to as reference channel data. The reference data may include, as
shown, t heandteddsefene gsstg@éd resour8Sunitd 'tk i1 AL W4 d%n%?ﬂef%ﬁ&ffoeﬂ%e dat a,

, las,

such as the transm ssion power level. The intertference [eve and

ref erence L evel , may be sent in.other channels, such as a
si gnal i ng gEanngl:lan%ﬁgiur&etf Zﬁ?n‘é%m%wg?ﬁf@fm %B sh 1§ wubsequenileamplifigd byfasr ence
channel data_generator 56. The reference data is assigned one or nultiple
resour ce ufPPYligeeh drhesmpliGed comuniniation bust haydeisdtimed by h sanRidvie A
‘'spreadi ng and training sequence insertion device 58 spreads the reference

channel daé2 vatflampbger cBamapiiBaAsh Buf Slah2addings inl exed with a
training sequencgmian the approlprl aQt e tsl?%ﬁgngtﬁg "angé‘%:lo ésrgd%# agﬁ’leé%ési gned
res sequence is referred to as a conmuni cation

resource - up, T, ltin \ )
burst. Th éltgfﬁffm c3?5%#”5@?’3@%‘@5&5@&&%%%%@ Handamplifierfd.i f i er
60. The anplified comunication burst may be sunmed by a sum device 62
with any ot her Tderavmmedcommumicaiondnest e rbddued ey narflatsH64 THea data

-

&

- .modulated signal is passed thorough an isolator 66 and radiated by an antenna 78 as.
shown or, alternately, through an antenna array. ‘The radiated signal is passed
ﬂﬁrough a wireless radio channel 80 to an antenna 82 of the transmiitting station 112.
The type of modulation used for the transmitted cornmunication can be any of those
known to those skilled in the ért, such as direcl; phase shift keying (DPSK) or
‘quadrature phase shift keying (QPSK). |

The antenna 82 or, alternately, antenna array of the transmitting station 112
feceives various radio frequency signals including the target adjustments. The

| received signafs are passed through an isolator 84 to a demodulator 86 to produce a

| basebaﬁd 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 of the recéiving station 110. The channel
estimation device 88 commonly uses the trainiﬂg sequence component in thé

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



generator 50, spreading and training sequence insertion device 52 and
anplifier 54. The summed commruni cation bursts are nodul ated by a nodul at or
64. The nodul ated 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 tr ] i cation.can,be,any of rhose . known to those
skilled i na?%é;]cﬁaérnt%,gl guc gtléondllsr%sc?fi ﬁhg]éaeda? iefttlmﬁé?ﬁ’ %’5"?5&%@“%? PO¥Eadr at ur e
phase shift keying (QPSK). The antenna 82 or, alternately, antenna array of
t he transni PEISHEIEOEEGVHE 12 recei ves various radio frequency signals
including the target adjustnents. The received signals are passed through

an isol ator 84 The gokrodutlabp thd procsfpxlodsiamunicalas eanrdpgidanke doe
baseband signal is processed, such as by a channel estinmation device 88

and a data t%ﬁe[*én@@&lilﬁﬁ?ﬂelgﬁ\’i fsemgag?rﬁh %Yg%fgﬁ%&%ﬁ&%ﬁ%% 551 a{lcggenf?‘?om opri ate

codes assigned to the co nication e recerving s on’ 110. The
ses the training, sequence conponent

T the  backeling SREHEN 155y e SerEphdre HmorhEeRaion duRN BagHEne
i npul se responses. -9 The channel information is used by the data
estimation simation devices? drpeapablead sepaentmgtthatefirese @Rannthompallethet evel  of
t he processed communi cati on corresponding to the
channels. If an automatic gain control device or amplifier is used for processing the
received signals, the measured power level is adjusted to correct for the gain of these
devices at either the power measurement device 92 or pathloss estimation device 94.
The power measurement device is a component of an outer loop/weighted open loop
controller 100. As shown in Figure 4, the outer loop/weighted open loop controller
100 oomprises the power measurement device 92, pathloss estimation device 94,
quality measurement device 96, target update device 101, and transmit power
calculation device 98.

To determine the path loss, L, the transmitting station 112 also requires the
communication's transmitted power lével, Trs. The communication's transmitted power
level, Tgs, may be sent along with the communication's data or in a signaling channel. If
the power level, Tgs, is sent along with the communication's data, the data estimation
device 90 interprets the power level and sends the interpreted power level to the pathloss
estimation device 94. If the receiving station 110 is a base station 30,, preferably the

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

base station 30,. By subtracting the received

-10-



ref erence channel, Rrs, is neasured by the.power neasurenent device 92 and
sent to a pathloss estimation device 94, step -42. Both the channel
estimation device 88 and the -data estinmation device 90 are capabl e of
separating the reference channel fromall other channels. If an autonatic
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 measurenent device 92 or pathl oss
" esti mat i orcafembaigatian’s pawer lpwsldRsnsamthesans comavinieaton SM&WH&‘—F&*RW@T .an
outer Foopfwei ghted open |oop controller 100. As shown in Figure 4, the

outer | oopeygl ghi ek glszmaé.é SRR de¥ided4 esmﬁmés)mergpaaemsg,rm tepWeEn the
e

measur ement - devi® , pathl oss estinmation -device qual ity neasurenment
device 96, target update device 101..and,trgnsmt power cal.cul atj.on device
95 To deitsoitionstpain 3160 43. Addi@lAIRE termterias b tiebatbless, °
requires the communication's transmtted power |ével, TRS. The

communi catliLofy dpdatedstiep dde Oreexampld efielong T pathjodsestimate iakdogg wirtrh -t he
comuni cation's data or in a signaling channel. If the power |evel, TRS,

is sent alQng -w th t ' i on h St | vice 90
I nterpret &V epo%ﬁﬁgsygﬁggé%géﬁggﬁl %ﬁ%ﬂ%&ﬁf ’e]tf'?j‘?%tgg%qf)%%r&?é%gaﬂ?gﬁt he

pat hl-oss estimation device 94. |f the.receiving station 110 is a base
station 3@stimstest & gentain siteationseinsiend of ragsmEHng fetransptied pevesglgveli o t he
broadcast channel (BCH) fromthe base station 301. By subtracting the
recei ved “HQ, the receiving station 110 may iransmit a reference for the transmitted power

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

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

-11-



comuni cation's power level, Rs, fromthe sent comunication's
transmtted power level, TR5, the pathless estimtion device 94 estinmates
the path loss, L, between the two stations 110, 112, step 43. _
Additionally, a long termestimate of the pathloss, Lo, is updated, step
44. One exanple of along termpathloss estinmate'is a long term average.
The I ong term average of the pathloss, Lo, is an average of the pathl oss
~estimates. In certain situations, instead of transmtting the transmtted :

ower |le , WAl I ; i e for
Ito he tra n\s{ ﬂeﬁ%ﬁ&éﬁg&]{i%ﬂhﬂeﬁgﬂtﬁ@ﬂa@g% ﬁ%ﬂ gat ﬂ F ?&%ﬁ%tﬂ?ﬁg devi ce

94 provides reference levels for the pathless, L. Since TDD systens
transm t- downlink and uplink comunications in the sane frequency
-spectrum the conditions these conmuni cati ons experience are simlar. This
phenonenon is referred to as reciprocity. Due to reciprocity, the path

| oss experienced for the downlink will also be experi-enced .for the uplink
and vice versa By adding the estimated path |loss to a target level, a
transm ssion power |level for a communication fromthe transmtting station
112 to the receiving station 110 is determned..|If a time delay exists

bet ween the estimated path |oss and the transmtted conmunication, the
path | oss experienced by the.transmtted comuni cation may differ fromthe
cal cul ated loss. In TDD where conmuni cations -are sent in differing tinme
slots 36i-360, the tine slot delay between received and transmtted

(.

RS
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communi cations may degrade the performance of an open | oop power control

system To overcone these. drawbacks, wei ghted open | oop. power control -U
determ nes the qualityof the estimated path | oss using a quality .
~nmeasurenent device -ila 96, step 45, and weights the estinmated path | oss

accordingly, L, and long term average of the pathloss, Lo. To enhance
performance further in outer |oop/weighted open |loop, a target level is
adj ust ed. Aﬂfgrocessor 103 converts the soft synbols produced by the data,

esti mati on Ys\stege48pand viwiglsts ahel esptinaaet Sath 16ss fc8R%inaR 1S
I nformati on, such as a SIRTARCET adj ustI?faent. A tar glg t%ﬂtgggqgg it?:remlo_l

adj ust s thqivgpf{élg%tf_:rglﬁ%m(g}rgiiﬂg the target adjustnents, step 46. The target

| evel maybe a atarget received power |evel at the receiving
'station 110. Th nsmt power cal cul ation device 98 conbi nes the adjusted

tr
target |evel W?FPrP' cepergermaance firtheos ousert looplvweighted opadldap) @ thgem

average of the pathloss estimate, Lo, to determ.ne the transm ssion power :

level of t level isatjnsted.i AQobadshP03 cshRRisAfe s%fsﬁ}]é&rﬁ.}g%&&%gﬁﬂﬁfag% na

comuni cation fromthe transmtting station 1 uce

detect | ony carpatifadaidon fo Bl Ha CoHERLne dnebhabinmenniomantions steh s
aSIRppger adjustment. A target update device 101 adjusts the target level using the
target adjustments, step 46. The targfat level may be a SIR ey OF a target received

- power level at the receiving station 110, ' .- ’

The transmit power calculation device 98 combines the adjusted target level |
_with the weighted path Ioss est_imate,L, and long term average of tﬁe pf;thloss
estimate, L, to determine the transmission ‘power level of the transmitting station,.
step 47.

Data to be transmitted in a communication from the &ansrrﬁttiﬁg station 112

 is produced by data generator 102. The data is error detection/correction encoded

e by error detection/correction encoder 110. The error encoded data is spread and

time—mlﬂtiple-xed with a training sequence by the training. sequence insertion device
104 in the appropriate time slots and codes of the assigned resource units producing

- a communication burst. The spread signal is amplified by an ampli.f-ier 106 and
modulated by modulator .108 to radio ffe'quency. The gain of the amplifier is
controlled by the transmit power calculation .device-98 to achieve the detérmined

transmission power level. The power controlled communication burst is passed -

through the isolatqr 84 and radiated by the antenna 82.

-12-



ti-me-nmultiplexed with a training sequence by the training sequence
insertion device 104 in the appropriate tinme slots and codes of the
assi gned resource units producing a comunication burst. The spread signal
is anplified by an anplifier 106 and nodul ated by nodul ator .108 to radio
frequency. The gain of the anplifier is controlled by the transmt power.
cal cul ati on device 98 to achieve the deternined transmni ssion power |evel.
The power. controlled conmuni cation burst is passed through the isolator 84
and radi at ed byTltd‘fellaWi@i@@ngauter-ﬂc%pﬁb@igﬁtéh!o?%\ﬁ %ﬁ%%oﬂ&&ﬁ{l%oﬂm.

a m

| oop/ wei ght ed open | oop power control gori e transmt¥fing

stations' spfd @sRligRie2 ower, | evel .in decibel.s, PTS .is determ ned usi ng
Equat i on' Z.ﬁerPl S i Mﬁ@ § transpession powet Jpvel 1p eﬂ%’@@ﬂ%’l“s&ﬁﬂdm@@quat i on
2 The SIRTARGET has an adjusted val.ue based on the received target

- adj ust mentsing ¥auadon 2or the downlink, the initial value of SIRTARGEL is

known at the transmtting station 112. For uplink power contr ol , SI RTARGEF
|3, gl ed {1 B9 ORIGESH LS oAU 1 VEOIART (AINSE | WA @ o0
e S
receiving-station 110. L is the path loss estinmate in decibels, T - RTS,
for the ndenalseFenthedommliskothe initial value of SIR rarcer is known at the transmitting

stgtion 112. For uplink power control, STRp,pepr iS signaled from the receiving

station 110 to the transmitting station 112. Additionally, a maximum and minimum

value for an adjusted SIRy,pqer may also be signaled.” The adjusted SIRy,pgp; is

limited to the maximum énd minimum values. Ipqis the measure of the interference
- power level at the receiving station 110.

| -.L xs the path loss estimate in decibels, Tys ~ Rys, for the most recent time slot
36,-36, that the path loss was estimated. Ly, the Idng term average of ‘the path loss

in decibels, is the runni;lg_ average of the pathloss estimate, I.. The CONSTANT

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

I

the uplink and downlink chzinnels, such as to compensate for differences in uplink
‘and downlink gain. Additionally, the CONSTANT VALUE may prdvide correction
if the transmit power reference level of the receiving station is transmitted, instead
of the actual.n'ansnﬁt power, Tge. If th.c receiving station 110 is a base station, the .
CON STANT VALUE is preferably sent via a Layer 3 message.

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

and is, preferably, based on the number of time slots 36,-36, between the time slot,
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361=36" that the path | oss was estimated. Lo, the long term average of the
path loss in decibels, is the running average of the pathloss estinmate, L.
The CONSTANT VALUE is a correction term The CONSTANT VALUE corrects for
differences in the uplink and downlink channels, such as to conpensate for
differences .in uplink and downlink gain. Additionally, the CONSTANT VALUE
may provide correction if the transmt power reference |evel of the
receiving station is transmtted, instead of the actual transmt power,
TRs. If tha, @@b@ulaﬁtn@héqsamtmtqami the fisst haseslettod theorpmrpinrgcatiCOMSTANcAVALUE i s
preferably sent via a Layer 3 nessage. The weighting value, a, is a neasure

of the quabitie @nsinttengesitional B.ArHRakle loP§Ss batWder Soro MEIR 6BleYallybgsRd on the

nunber of tine slots 361-36" between the time slot, -13 n, of the | ast
path | oss | SR fig st 0 nsmtted
by the tra(r?g{rcﬁ tting sg%{e?rgﬁlel Sl% tthe %ceﬁtq’%ﬂﬁ et\/\egﬁg 1?{5] gaﬁﬁ’ one.
Cenerally, if the  tjne dlfference betvveen the time slots is small, the

recent pat RCIUELGaNd Is3gkab 2 Walbg clpse tp gpe. By copastibihe g di qnge dwrgathes val ue

close to one. By contrast, if the time difference is large, the path |oss
esti mat e nagthiess edtimateaoay et ke motate hied thehyg teamrmverdge pagie [qeatieadubssent is
nmeasurenent is nost likely a better estimate for the path | oss.

Accor di ngl Ynostlikely & Bkttées@m(@|feths |th§QBsst ﬁccc?r@ihgly, Rt hiohwnk andr b are
equations for determning a. a = 1)/ x 1) Equation 3
ZC1o.

Equations 3 and 4 are equations for determining a.

a =1-(D-=1D(Dna-l) Equation 3
¢ =max {HD-I(Dyex_atowea -1), 0} Equation 4

The value, D, is the number of time slots 36,-36, between the time slot of the last path
loss estimate and the first time slot of the transmitted communication which will be referred
to as the time slot delay. If the delay is one time slot, o is one. Dy, is the maximum
possible delay. A typical value for a frame having fifteen time slots is seven. If the delay is
Digaxs 0 18 Z€10 Dy aliowed 15 the maximum allowed time slot delay for using open loop power
control. If the delay exceeds Dpuy.aiowes; Open loop power control is effectively turned off
by setting o = 0. Using the transmit power level, Pys, determined by a transmit power
calculation device 98 the transmit power of the transmitted communication is set.
| Figures 5 and 6 compare the performance of the weighted outer léop/open loop,

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



a =maxP-(D-1y(D~_ -1),0 Equation 4 The value, D, is the nunber of tinme .
~slots 361-36" between the time slot of the last path |oss estimate and the
first tinme slot of the transmtted communication which will be referred to
as the tine slot delay. If the delay is one time slot, a is 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,,, , ais zero D' ,,,d is the nmaxi num

al l oned ti meaxsfl ot delay for using open |oop power control. If the delay
exceeds D, , pesformed-fior aptiphily dff@eneversMt 60hel Sutef i&@?' . ff by
setting a = 0. Using the transmt power |evel, PTs, d t‘gzré_ %eng%é;Fg)o%

transmt po iR et Rp: devi ce 98 Ltr )t power of the transmtted
comuni cati o 1's setf.Il | ﬁ'%{rjsé‘gjﬁh%%g%t a‘ﬂgp”? Y > 1Bfraschels
wei ghted outer |o {agggcgcloop, open | oop and cl osed | oop systens. The

si mul ati ons™ &rrr vaswistestediandutecteaasedd nbdlock atirohiad detelitéd er ent
version of the outer |oop/weighted open loop algorithm In this version,

the target Bhéviter lpgaveighed @p¥n M@%ﬁgteg}?ﬁ%%ﬂﬁsEgg%{égﬁﬁﬁ 'Ifﬁ§ SL? gr

~error was detected and décreased |
| oop/ wei ght st em used E ion.2. Equation 3 was. used to
calcul ate ats%%gﬁlgei Arcmofgﬁs%Wia%%‘ﬁﬁmﬁr%ﬁﬁfée%ﬁWQ 5 pyStpras egutadling
controlling Téﬂ' 55 s 321 transm ssion power |evel. For the sinulations, 16
Jaldd

"CRC. bi t's- wek Bansmizeioy ppvetlevel. Fartiee siimbitionis phe CREbitwerlpaddsd 4
frames. A block error was declared when at least two raw bit errors occur

o(w—:«} r a bl ockerylleck) thﬂi%sﬁﬁlﬂﬂﬂil', ERN YOk was 4 frames. A block error was declared
- when at léast two raw bit errors occur over a block. The uplink communication
channel is assignef.:i dne time slot per frame. The target for the block error rate is
10%. The SIRpspeer is updated every 4 frames. The simulations address the
performance of these éystems for a UE 32, traveling at 30 kilometers per hour. The
Simulated base station used two antenna diversity for reception with each antenna
_ hal.f.ring‘ a threé finger RAKE receiver. The sifrmlatidn approxirhated a realistic
channel anﬁ SIR estimation based on a midamble sequence of burst type 1 field in
the {prescnce of additive white Gaussianr noise (AWGN). The simulation used an
International Telecommunication Union (ITU)Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertaiﬁty. Channél
coding schemes were not considered. .Lo-was set at O db. |
Graph 120 of Figure 5 shows the performance as expected in terms of the
required E¢/N,, for a BLER of 10™ as a function of time delay between the uplink

. time slot and the most recent downlink time slot. The delay is expressed by the

number of time slots. Es is the energy of the complex symbol. Figure 5
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channel is assigned one tine slot per frame. The target for the block error
rate is 10% The SIRTcfl. is updated every 4 frames. The sinulations
address the performance .of these systens for a UE 321 traveling at 30.

kil ometers per hour. The sinulated base station used two antenna diversity:
for reception wth each antenna having a three finger RAKE receiver. The
sinmul ati on approximated a realistic channel and SIR estimation based on a
m danbl e seauence of burst type 1 field in the presence of additive white
Gaussi an nof SEORARythatywhengainfinterforence edcamintiostaes ipabiedle performance

Tel ecommuni cation Union (I TU) Pedestrian B type channel and (BDSK

modul at i on. of tesrdrabinne eydtamak S1Med: RATTRS gquncertainty.
Channel codi ng schemasgywere not cogglﬁgere .ﬂ%g()%v]vg&sé?%hg?d gpelbi%ﬂ?. S@%h 120
of Figure rformance as expected in ternms of the required
Es/ No f or ?%{%3&?6%‘8@%%#%%3 oseft deopywistgm benalkbdelayshe upl i nk

time slot and the nost recent glownlj nk time slot. The delay is expressed by
the nunber of tiptee presense of gaimsandimtarferenye wicetthiditied The &énﬁ%ﬂfé@!pov@:érgur e S

? :

-15 denonstrates that, when gain/interference uncertainties are i‘gnored,

't he perf or feve ef tiof o;bé}ﬂ()@ﬁm%}gqsé gﬁ%’%@% ﬁg@t‘iﬁ?%ﬁ%ﬁ%ﬁa' .t g%&at of

~wei ghted open | oop system codBd | oop

system for I he presence of gain and.interference

uncert ai nt iggésﬂ,h %8‘(?%%“ %6{’ ?%P’bwm"}%@él*zéﬁ vavuse Figuop 6ssphevarthe s
ei t her tooBi h or too | ow of the nom nal value. In

_ ( | as a function of the delay. The initial reference SIRparcer for each system was

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

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

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

the ‘Weightcd open loop system severely degrades.
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gfaph 122 of Fi gure 6, a ga| n uncertainty of -2 dB was used. .Figure 6 shows
‘the - BLER as a function of the delay. The initial reference SIRTARGET for
each system was set to its correspondi ng nom nal val ue obtai ned from
Figure 5, in order to achieve a BLER of 10-'. Figure 6 shows that, in the
presence of gain uncertainty, both the conbined and cl osed | oop systens
‘achi eve the desired BLER The performance of the .weighted open | oop system
severely degrades. -16 CLAING: 1. An outerl.oop/wei ght edopen | oop net hod
fbrcontrol | Epgigansm ssi onpower | evel s- at- a user equi neat enploying a _
spread spec‘t‘r‘uvr‘t-rrre di vi si on.dupl ex. techni que- having frames with. tine"
slots, conprising: @) receiving, during a first tine slot; a comnmicalion”
i ncl udi ng a po Ie){ml b) neasuring a power |evel of said received .
communi cat i on; Wi) outer loap/weighted open loop method for controfling transmission power
determ ni ngﬁ%&t hl ossest i mat ebasedi npart ont heneasuuedpower | evel and . the
received p ek Bper cawipragntswuiloyig a spraad SPeARIE BnROWR s dedR} ok ﬂ{c}ml ne
~transmi ssion during a second tinme slot based in part on the path g
estimate wéiaglﬁgé'mnm}mﬂiﬁmtsldt@,qfaﬁjp le ong tedr path loss estimate

wei ghted by a second factor and a. target |evel adjusted by received target

adj ust ments, whay ei mﬁwgwgﬂﬁgmc&ﬂﬁa&mm{&gnﬁifu&ngogpg% t| me

separation of the first and second time s
b)  measuting a power level of said received communication; -

,f’."'\
N

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

the received ﬁcwer level; and | |

d)  sdettinga transm:ssmn power level for transmission during u second time slot

based in part on the path lass estimate weighted by a first factor, & long tmn paﬂl loss

estimate ngﬁted by a second facmr and a target level adjusted by received target

adjustiments, wherein the first and second factors are a fanction of 4 ime separatiar of the
first and second time glots. '

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

of path loss estimiates of received commmnications,

3. The method of claim 1 further comprising: -
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2. The nmethod of claim| further conprising; determning the Iong term path
1o0s$ estimate based at |east i-n part upon an average of path |oss
estinates-of recei wd commruni cations. 3. The-nethod of claim1 farther
conprising. 17 determining a qualify, ", of the path |oss estimte-baSea
in part on a nunber of tinme slots, D, between the first and second tine
slot; and wherein the-first factor is o, and the second factor is 1-t 4.
The net hod of claim3 vvherein a maxdmmmtine slot delay is DD and the
det'erm ned qua term_ned by: 5- The method of claim:3 wherein a
maai nuuh al’l o E‘%ﬁ”ﬁ@ﬁgﬁ&’ % % ypfthe path nsan@mﬂ@bwdenmeummbewfnm i s
determ ned by: a= fag{légly(n ,u, _e-T),0). 6. A method for controlling
transm ssi Wsm éiratandsa@mdtﬁmlﬂptmnd enpl oyi ng a spread spectrum
time division duplex teciw que having franes with tine slots  for

communi cat i on, veminites fugt Eejoriee eid tHeGeoshdl fa0@r & f-i St tine slot; a first
communi cation- target adjustnent and a first communfoalion; b) measuring a

power |evel of the first oonnmum cation; c) determning a path | oss estinmate
- based in part on power |evel obtained at step

4.  The method of claim 3 wherein a maximum time glot delay is D, and the
determined quality, a, is determined by: | |
0= 1= (D-1/(D,r 1),

5. The method of claim 3 wherein 2 maximm allowed time slot dclay 8D,
- stieweq 80 the determined quality, o, is determined by:
| = max {1-(D~1)1(Dm..nm-l). 03.
6. A method for controlling ﬁnns:ﬁissioﬁ power levels at a mser equipment
‘ erploying g spread spectrum time division dnylex technique hmng frames with time slots
for commnmication, comprising:
®)  rookiving, ducinga fixst time slot, & first communication target adjusiment and
a fimst communication;
b)  measuring a power level of the first communication;
t)  determining a path loss estimate based fn part on power level obtained at step
(b); and '
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(b); and - 18 d) setting a transm ssion power |evel for a transm ssion of
a sectond: comuni catjon during a second time slot based in part on the path
| oss” estd mate weighted by a first factor, a long termpath |oss estimte
wei ghted by a second factory and a target |evel adjusted by the target

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

of cl ai.n/wher ei g an sédhg 0 .t heS| aI o WAerence ratio lies within
a maxi mum and m®n| mim vl &ngﬂﬁg%il'lﬁ P?é’&hf% af ttensimigsipneér &i secomth
target adj n,'a range _of apprOX| mately 0.25 decibels to 4

deci bel s. W@ﬂ%‘%ﬂh srepihtisne stytdrsedinpariowethe Gatit los edtimfte Weightod

Di vi si on [?éj]gl eé_ Com*rum cation System Abstract of the Disclosure Quter

| oop/ wei ght¥ed WBefctsoplops ke pash lowl estionty wtighted 29T icseh@ i laRghe 1 1

a spread spectrumtine division duplex comunication system first

comuni catlew adfustiddy thé et sdfurBaet WherPMRYRIGARKE ﬂﬁoﬁ%ﬂlﬂa‘%‘g’d at

conmmuni cation station including target adjustnent infornma

the first mmammﬁoh%fhﬁsﬁﬁtﬁd%ﬁ&ﬁﬁﬁs?&ﬁor rates of

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

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

" Hes within a mazumum and minimwm vahxé litnits,

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

T g
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cOrmunl cations fromthe second station to the first station. The second
station‘receives the conmunication and neasures its received power |.evel.
Based on in part the received conmunication's power |evel and the
comuni cation's transm ssion power level, a path loss estimate is

determ ned. A quality of the path | o0ss estimate is al so determ ned. The
commnlcatlon fromthe second station to the

t
ransm ssi on pGWRL: | Exlyddlied Sen Lsinghew e Controbht A TingsDietiomBuglexn

first station Is
response to the estinmate's qual i t GommannibatiedSysteiahe recei ve target
adjusted by the target adjustment information transmtted fromthe first

station. Figure 4.
Abstract of the Disclosure

Outer loop/weighted open loop power control controls transmission power levels in a
spread spectrum time d1v1s10n duplex commumcatlon system. A first communication station
(110) hansmlts a communication to a second communication: stat:on including target

adjustment information generated at the first station on the basis of measured error rates of

Y

c@lmunications from the second statidn_ to the first station. The second station receives the
communication and measures its received power level. Based on in part the received
communication's power level and the commnunication's transmission power level, a path loss
estimate is determined. A quality of the path loss estimate is also determined. The
transmission power level for a communication from the second station to the first station is
based on in part weighting the path loss estimate in response to the estimate's quality and
based on the receive target adjusted by the target adjustment information transmitted from the

first station.

-Figure 4.
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