OUTER LOOP/ WEI GHTED OPEN LOOP POWER CONTROL IN A TIME
DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s

i nvention generally relates to spread spectrumtinme

di vi si on duplex (TDD) conmuni cation systens. Mre .
parti.cul arly, the present invention relates to a
system and nethod for.controlling transm ssion power

wi thin TDD commruni cation systens. Figure 1 depicts a
wirel ess spread spectrumtinme division dupl ex (-TDD)
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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 dowpl_in’k communications and communications transmitted frbm aUEB 32, to
a base station 30, are referred to as uplink communications.

| In addition to communicating over different frequency spectrums, spread
spectrum TDD systems cénymultiple comrmunications o.ver the sélme 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
Figur.e 2 use repeatiné frames 34 divided into a number of time slots 36,-36,,, such
as sixteen time slots. In guch syétems, a communication is sent in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capal;lc of carrying

multiple communications distinguished by both time slotand code. The combination



1 of a single code in a single tine slot is referred

to as a resource unit. Based on the bandw dth

Tequired to support a comunication, one or multiple
resource units are assigned to that conmmunicati on.

Most TDD systens adaptively control transm ssion power
levels. In a TDD system nmany conmuni cati ons may
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resqirgm undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the

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

One approach using transmissjon power 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 §ignal power. Based on the comparison, a control
bitis sent to thg transmitter either increasing or decreasing transmission power by a
fixed amount. Since the receiver sends a control signal to the transmitter to control

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

to as closed loop.
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the transmtter's power |evel, such power control
techni ques are commonly referred to as closed | oop.
-2 Under certain conditions, the performance of cl osed

| oop systens degrades. For instance, if

conmuni cati ons sent between a UE and a base station
are in a highly dynam c environnent, such as due to
“the UE noving, such systens nmay not be able to adapt
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- determination. For the bﬁen—lqop element, the strength of the received signai from
the base station in each &émc is compared to the strength of tﬁe signal received in_
the previous frame, The transmit power of the mobile terminal is adjusted iD._VGI'SCl)-F
with the variations in the observed signal strength. |

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
‘power control of a mobile station using iong-terrnand short—te_mi transmission ﬁéwer
control. Long-tei'm power control occurs in a base station on the upper level forming

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

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



control. Long-ternmpower control occurs in a base
station on the upper level formng a closed contro
| oop. A decision authority statement is conmuni cated
fromthe base station to the nobile station. The
short termtransm ssion power |evel is determned 3
on the lower |oop using an identifier of the long term
power and the decision authority. European Patent
o4k 16 Ri3pINAILtan OABATRE ol 6! BRESofin TR DuldOfhe. decision
regul ating power in a digital nobiTe tel'ephony system
mﬁﬂ&ﬂ?ean Patent Publication Nunber 0160030 di scl oses
a nethod and apparatus for transmtter power contro
in ghFcellular radi g system Accordingly, there is a
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level, a path loss is determ ned. The target |level is

adjusted in response to receiving the target
SUMMARY

Outer loop/weighted open loop power control controls transmission power levels

in a spread spectrum time division duplex communication system. At a first
communication station, errors are measured in a received communication from a second
‘communication station. Based on in part the measured errors, an adjustment in a target
level is determined. The first station transmits a communication and the target
adjustment to the second station. The second station measures the first station's
- communication's received power level. Based on in part the received power level, a path
loss is determined. The target level is adjusted in response to receiving the target
adjustment. The quality of the path loss is determined with respect to a subsequent
communication to be transmitted from the second station. The second station's
transmission power level for the subsequent communication is adjusted based on in

part the determined path loss, the determined quality and the adjusted target level.
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adjustnent. The quality of the path |loss is determ ned
with respect to a subsequent communication to be
transmtted fromthe second station. The second
station's transm ssion power |evel for the subsequent
conmuni cation is -adjusted based on in part the
determ ned path | oss, the determned quality and the
adj usted target |evel. -3a BRI EF DESCRI PTION OF THE

TS | DR RO O AR L

Flgurezlllustratestlrres ames of

a TDD ure 3 is a flow chart of outer
I'oop/ \gé'gifﬁeglﬂl%ﬂ'é SP@%T%\H@D@UW}%I Figure 4 is a
di agram of conmponent s of two conmmuni cation stations
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Figure 5 is a graph of the perfornance of oute
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cont Pape T i B FRn A IRR e TolRAg PESHes lropripieni open Toop,

I. §3andthe conmponents of two sinplified
‘Y:%%‘Fﬁ OPsk lagp andeplossddoap poweRcamrol sysiemsi n Fi gure 4.
For the follow ng discussion, the conmunication

st at Figure#\is agraph of the three systems performance in terms of Block Error

Rate (BLER).

-DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The prefcrred embodiments will be described withreference to the drawing.
~ figures where like numerals represent like elements thrpuéhout. Outer
loop/weighted open loop power control will be ex-p-)lai_ned using the flow chart of
. Figure 3 and the components of two simpiiﬁed communication stations 110, 112 as
snown in Figure 4, For the following discussion, the commumication station having
its transmitter's power controlled is referred to as the Iransmittin g station 112 and the
- communication station receiving power controlled communications is rcfencd 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
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its transmtter's power controlled is referred to as
the transmtting station 112 and the communi cation
station receiving power controlled comrunications 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 conmmunications, the

ransmtter  havjng its power controlled nmay be
b AsoidiPannc i poid pelie” S dogmbal o Sorad are_ysed, the
both. Accordingly, if both uplink and downlink power
respiving| andy gangméting tstadion’s sewiponants ansdassecaatedivtithi befh the base
station's conponents are associated with both the base
statatn 3h aBOUFa3%]. UE 321. The receiving station 110

recei ves various radi o frequency signals including

co [ A : he, L.rangm t.ti S [ : ' -
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38. The recei.ved signal s.are passed thorough an
SorypupSPlio tm, the ApaaTilge Hates WY2ohtieg ap gakapantd. or
signal. The baseband signal is processed, such as by
Hewnishn an @errmorﬁtmg&c&e?mcdmﬂ alguials are passerhtlioonigh an
device 72, in the tine slots and with the appropriate
isti@s6@msa garasiuldort 68tot proMediat tids€tiing sizhhl0Ths baseband signal is
communi cation. The channel estimation device 70

I t -0l C ) in the, .

FERSERE LR 4 Mo Buflefth 4R ANES SLOMRAARHon By 92, in
as . channel inpul se responses. The channel infaorpation
ﬂ?f‘sﬁ’a'géﬁotwnq %%@? APROPIIA Godfs agiamed do the trapsnitting station's
i nterference nmeasurenent device 74, and the transmt
cppwanicetidrc ul Hiei cmnneleestimting. défive @A t@uasdrilymatseonhe training
device 72 recovers data fromthe channel by estimating

s@fdérice SO S RIbisBsand NAAR Y hrAVRIE TBEARD information, such as

channel impulse responses. The channel information is used by the data estimation
device 72, the interference measurement device 74, and the transmit power calculation
device 76. The data estimation device 72 recovers data from the channel by estimating
soft symbols using the channel information.

Prior to transmission of the communication from the transmitting station 112, the
data signal of the communication is error' encoded using an error
detection/correction encoder 110. The error encoding scheme is typically a circular
redundancy code (CRC) followed by a forward error correction encoding, although other
types of error encoding schemes may be used.

Uéing 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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Prior to transm ssion of the conmunication fromthe
transmtting station 112, the data signal of the
comuni cation 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 encoding,
although other types of error- encodi ng schenes may be

deteet rratE’ Ekﬁiﬁaﬁﬁﬁ%&éﬁ%}‘}hl%fef gg@g\{t%?%c&'@g\gﬁ%gﬁ%,sstep 39

Iron devi ce an error
111

detects errors in the soft si/rrbol S. eti_)krocessor
Basesl gu ghe erher 18ted ghecprosesser 1d griagoyngif apyop target

rate for the received conmuni cation, step 39. Based
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armunt it a target |evel, such-as a target

sjgnal to |nterfe | R needs tqo b
o ShE g b e Aok 20, Phel oI TR iR, R
Based on the determ ned anount, a target adj ustnent
adjigneht signgels geatratbdily theaatgat gdjustasing genemntorddde r'Bhe target
114. The target adjustment is subsequently sent to
s t r )
i ROl b BAgR (Bh, O T Ritiing Lol B 41 The target
112, such, as using a dedlcated or reference
adjissineed s Signelodde i gaesTRiging plation 113, sachzsaiing pfledicated or
adjustnent in the target |evel uses an upper and

a refen@icetdhagaélol d. |f the determined error rate exceeds
an upper threshold, the target |level is set .at an

LSRR Aod G4 e ASRRES! i Qubner AFOTSRAI kel s
an Rt pdclanisn resbelna hﬁ%ﬁﬁ@r@? %dﬂéﬁ?ﬁ&%é{“ﬁ%%%%f%ﬂsum

set
threshold, the target lcvcl is set at an unacceptably low level and nceds to be

increased: A targetlevel adjpstment 31gna1 is sent indicating an increase in n the targct
. level. If the determined error rate is below-'a second fhreshold, the target level is s;et
atan unnecessanly high level and the target level can be decreased. By reducing the..
target level, the transmitting station’s power level is decreased reducing interference
to other communications using the same time slot and spectrum. To improve
performance, as soon as the error rate exceeds the upper iimit, a mrget adjustment is

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

adjusted slowly, such as once per 10 seconds. If the error rate is between the

thresholds, a target adjustment is not sent maintaining the same target level.
Applying the above technique to a system using CRC and FEC encoding

follows. Bach CRC block is checked for an error. Each time a frame is determined
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ai 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 conmunications using
the same tinme slot and spectrum To inprove '
performance, as soon as the error rate exceeds the
upper limt, a target adjustnment is sent. As a
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mai ntai ni ng the sane target |evel. Applying the above

- pdjupfRRenl ds tsent ingreastng el nggdRevelnd ToE&djRRC st SIR at the
follows. Each CRC block is checked for an error. (=
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tgg. Uﬁger. thre(zth(fé?, such as_1.5 to 2 tinmes the

ISP Birgtae ¢/4-43 dBde d diis| Mthe number ofcdCRCatpmes emrutuntered
is sent increasing the target level. To adjust the

CRPIARGE prealetdriined tiamis suth und 000 Mok, tHeldalub R the counter is
increase in the SIRTARGEr is sent (SIRr,,,c), which is

uparel o 10 hARAGIIOL D £%,9% 0% lPyd he il HIRC e he

of CRC franes encountere

i suc 1Q00 bl ocks, the.value of the counter
".L'?We%: 8%6%‘?‘2‘83 Block ssoms s Fﬂpgfs%ﬂawe% theeshedd,(n arges adjigtment
tines the desired BLER |f the nunber of counted

sigpedR sentrdsceeasingttht cugétievdl OSER ¢ hAagpiehbiange bASIR),. is 0.25
adjustnment signal is sent decreasing the target '
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-t dB. The val ue %@Rﬁg%? br{?nr:\y eogggﬁ%&g@jggkﬁgﬁ%gﬁm rate,
; t blaag t -BLERTARGET.. The BLERTARGEE
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the BLER 4 pger is 0.1% to 10%. Equation 1 illustrates one such approach.for
détermining SIR .. |

SIRpgc = SIR e X BLER1apger/(1 - BLERz4rger) A quati_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
threshold, the térget level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the targetlevel adjﬁstmcnt signal may have several

adjustment levels, such as from 0 dB to +4 dB in 0.25 dB increments based on the

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



the BLERTARG is 0.1%to 10% Equation 1 illustrates
one such approach for determ ning Sl RDae SIRDEC =

SI Rmc x BLERTARGET/ (1 - BLERTARCET) Equation 1 |[If the
count is between the thresholds for the predeterm ned
block limt, a target adjustnent signal is not sent.
Alternately, a single threshold nay be used. |If the

or.rate exceeds t .threshold, the targe vel is
i Bl Re HRE el Sovit 78 3 Delfiediting HBNeH L fPapinds tho
the targiet is_decreased. Additionally, the target
| iBtreerengglenel welkt Iisi within theeghannsl based v exther taedjheehisfirmation,
| evel s, such as fromO dBto 4 dB in 0.25 dB
| o dincesviirsystbhla gerdtraad Hyhthe dath feftimtation deiet 192 6N bdtheUsing the soft
determ ned error rate and the desired error rate. -7

bbbt SRR ?rﬁ"oﬁ?aﬁéﬁ‘,rtﬁé@ﬁ{smﬂ?sék‘?ﬁ Al fion H?ﬁce 76 controls the

C
‘receiving station 110 determn e 1Interference

I - B..lRS. within the,channel. ased on either

rfoefing 3RS maeRpsnliniobly B et o5 R Tire BERREPER vt s¢.
enerated by the data estimation device 72, or_ both.

%Qr Y5 18 Geinaging thepatassdereendhpisaaving and farsnitimg staiens 110,

transmt power cal cul ation device 76 controls the

A &2 gidembngsdaty, theméesivingantion $81 endsposvatmuiréostidn tythe transmitting
controlling the gain of an anplifier 54. For use in

- ©5fidn L2, REbpt 4 TR HhBRHidasd B Gent %ﬁeinyid}% &the various
ndi hg e

transmtting stations 110, 112 and se ata, th
L [ d i cat | toth
CRERL TR RRA, e D393, PuC RIS B oty ephlos

may ge q?ent on.any one of the various channels.
9 JPIeHPY yo 2f mefgrenesochapnels nlthongh efignskanselsgnay boused. If the

estimating pathloss are referred to as reference
wheiving sefioml this adlascodtition 30hahe edrsmomiyation isip@tbrably sdohever 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,
- Igg, multiplexed with other reference data, such as the transmission power level. The
interference level, Irs, and reference channel power level; may be sent in other channels,
such as a signaling channel. The reference channel data is generated by a reference channel
data generator 56. The reference data is assigned one or multiple resource units based
on the communication's bandwidth requirements. A spreading and training sequence

insertion device 58 spreads the reference channel data and makes the spread
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~other channel s, suc

receiving station 110 is a base station 301, the
communi cation is preferably sent over a downlink
common channel or a commobn control physical channe
(CCPCH). Data to be communicated to the transmtting
station 112 over the reference channel is referred to
as reference channel data. The reference data may
%%glude as shown, the interference level, IRS,

rengs dakasingimotitiplered withherimingsedatce is U ppsopie time slots
transm ssion power |evel. The interference [evel,
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and training sequence insertion device 58 spreads the

6R6LRE QG Q the spread -8
AR B RGR Y, R0 Bfigee, quch as a data

reference data ti ne-nu
and codes of

» equen in the appropriate tinme slots
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refer'r_ed to as a communication burst. The
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anplifier 60. The anplified comruni cation burst my be
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dat a
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- conmmuni cation bursts are nodul ated by a nmodul ator 64.
thrpngh 2 witdessatdid chivgied B kS apaneth 83 6FBY HanaRidinbakioh 112,

66 and radi ated by an antenna 78 as. shown or,

Thal TSt Masi , .._The radi at ed
i b Qlua ¥R AR ARLERRA Bt Y G ghose

signal is passe r ou
the transmtting station 112.

n.antenn 0
kné¥n 35 those rﬂaﬁeg %n t{m art, such as direct phase shift keying (DPSK) or

quadrature phase shift keying (QPSK).

The antenna 82 or, alternately, antenna array of the transmitting station 112
receives various radio frequency signals including the target adjusunents. The
reccived signals are passed through an isolator 84 to a demodulator 86 to produce a

baseband signal. The baseband signal is processed, such as by a channel estimation

device 88 and a data estimation device 90, in the time slots and with the appropriate

codes assigned to the communication burst of the receiving station 110, The channel

estumation device 88 commonly uses the training sequence component in the

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




The type of nodul ation used for the transmtted
communi cation can be any of those known to those
skilled in the art, such as direct phase shift keying
(DPSK) or quadrature phase shift keying (QPSK). The
antenna 82 or, alternately, antenna array of the
transmtting station 112 receives various radio

fr.eqyency si.gnal.s i.ncludj ng the target adjustnents.
T HRRE, DEARESar S5 b e 0 ShiMtigh dsiceotl aadbi power
84 to a denodul ator 86 to produce a baseband signal.

TheaspawenaledicePnal i s processed, such as by a channel
estimation device 88 and a data estimation device 90,

in tMehet bReS QP 7Nl WhbBestie c@ﬁﬂtﬂl‘?{%&iﬁ?h ecorfegg?r@ili% to the

assigned to the conmunication burst o e rec

i on.,.110, ~The channel stimation device 88
SR tand, oy i SRR by R iR e ubgm e 97 aphgent © 2
baseband signal to provide channel information, such
a?ﬁ@ﬁ%ﬁﬁmaﬂvwww£ &pJasBeth the ghanhel eshimatial device 88 and the
information is used by the data estinmation device 90
datel estinption devioesk art enible deypeRind 2he BRReRe \MRinnkEN6h aRlother
t he processed comuni cation corresponding to the

E8hRIENE n %ﬂ%ﬁﬁﬁh §a1§;c%gtgglsdms&rﬁgplmég ﬁ%ﬁ%eggf\é\@{)rocessﬂlg the

measur enent devi c sent to
est.i mati o evice 94, step 42. Both the chapnel
TSR EBI BEvn s g bawer tordl ¢ 6‘5?55%9 Goseli 1oh theegain: ef these
90 are capabl e of separating the reference channe
davises al ¢ithst Fherpowsh arpasirementfdesive 3t arpatlilass gatimatonndevize 94.
device or anplifier is used for processing the

TieqRiwe theadugdiadnt dedibitis ARBMPb RS BPNESutbEY¥§h/ W‘é?glﬁngi1 g?&? thop

to correct for the gain of these devices at eit

cgg\%oggéﬂgzq.”%%ﬂ&%‘%ﬂ%igdu%}é i4? ﬁ'tegozutgrr 1088 w%%g%?e‘ o%gxg ioggt(:(i)n rg)ller

‘100 comprises the power measurement device 92, pathloss estimation device 94,
quality measurement device 96, target update device 101, and transmit power
calculation device 98.

To determine the path Joss, L, the transmitting station 112 also requires the
communication's transmitted power level, Tgs. The communication's transmitted power
level, Txs, may be sént along with the conﬁnunication'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 paﬂﬁoss
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-




N

The power neasurenent device is a conponent of  an
outer | oop/weighted open |oop controller 100. As
shown in Figure 4, the outer |oop/weighted open | oop
controller 100 conprises the power neasurenent device
92, pathloss estimation device 94, quality

nmeasur enent device 96, target update device 101, and
transmt power calculation device 98. To determ ne
conenptdtionsyower leveh B4, fronstiie sentegmanenicatiordsipansiitied power
requires the comunication's transmtted power |evel,

T BRSO B R Uy e

in a signaling channel If the power |evel, TRS
twe stations &l&ﬂd%ﬁtﬂ? 4% a&d@mﬂ;bc atlpog terna astimate ipf tbfapaﬂﬂoss

estimation device 90 interprets the power |evel and

13 q?géraét&? st} £4.FORL @Pan?@%f a kitAerth Pat1GssRALARSE a long term

tidn device 94 therece|V|ng station 110 is

a base tion 301, prefe abl transmtted

Ay, ThIgng Grdgerdge of e Scketis i5 3R A1EAES Qg pathloss
fromthe base station 301._.By subtracting the

estinartesy dd ceftfincitmiions; itstead' of tposwittingwhd traftmittef pomver level,
the sent communicition's transmtted power - |evel,

R?l‘h H‘%I[_ %&? LR ARhit R Yefeforitd 165 Eﬁé’fﬁfhﬁﬁn&ﬂéﬁ power
0SS en the two st atl ons 110, 112, step
43 Addi t |1 1 t]

Leyih B stsasc.iap pAtblogheevarsionslutye 4 Drovicsseifpnes el for the

| ong ternpathl oss estimate is a Iong term average

paflidesd, ing term average of the pathloss, Lo, is an

aver age of the pat hl oss estimates. In certain

si t %&%eeve érﬁ?i’m%mftrcﬁﬁﬁﬂﬁkt AfPuplisk cbABSMitdRshs in the

power t he rece|V|ng station 110 may

satne B enct 358&%&{%,” & Lolaikibg: WARSHANATRAYE! experience are

similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path

 loss experienced for the downlink will also be experienced for the uplink and vice

- versa. By adding the estimated path loss to a target level, a transmission power level

for a communication from the transmitting station 112 to the receiving station 110
is determined. |

If a time delay exists between the estimated path loss and the transmitted
commuﬁicati’on, the path loss experienced by the.ti'ensmitted communication may
differ from the calculated loss. In TDD where communications are sent in differing
time slots 36;-36,, the time slot delay between received and transmitted
connnunications may degrade the perfon;mncc of an open loop power control

system. To overcome these- drawbacks, weighted open loop power control
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level. In that case, the pathloss estimtion device 94
provi des reference levels for the pathloss, L. Since
TDD systens transmt downlink and uplink

conmuni cations in the. sane frequency spectrum the
condi ti ons these conmuni cations experience are
simlar. This phenonenon is referred to as
reciprocity. Due to reciprocity, the path |oss

R e ) g

estimted path loss to a target |evel, a transm ssion
power |level for a conmunication fromthe transmtting
station 112 to the receiving station 110 is
determined. If a tine delay exists between the
estimated path loss and the transmtted .

comuni cation, the path | oss experienced by .
the-tfansmitted conmunication may differ fromthe
calculated |l oss. In TDD where conmuni cati ons are sent
indiffering tinme slots-36i-36,,, the tine slot del ay
bet ween received and transmtted comrunications my
degrade the performance of an open | oop power contro
system To overcone these. drawbacks, weighted open

- |l oop power -control -11 determ nes the quality of the
estimated path | oss using a quality neasurenent device
-11a 96, step 45, and Weights the estimated path Ioss
accordingly, L, and long term average of the
pat hl oss, . Lo. To enhance performance further in outer
_Ioop/melghted open | oop, a target .
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| evel is adjusted. A processor 103 converts the soft
synbol s produced by the data estimation device 90 to
bits and extracts the target adjustnent information,
such as a SIRTARCET adjustnment. A target update
‘device 101 adjusts the target level using the target
adj ustnents, step 46. The target level may be a ,
rSg!é(l;{TARGGr or a target received | power level at the
elepi 48 @idatehtd 4 esh ks ROYEE; ul.ati on
devi ce 98 conbiir?gls theesgllglj%lgg gg&?&’%&@?&r{é‘\‘/@ﬁw*’?‘# {)‘Wg term
estimate,. L, and |l ong term average

' ! | oS ,
\g?éltggéesgté@ﬁ:fa@gggs, i‘ﬂti mate, Lo, to deternine the
transrﬁi ssjon %r | evel of the transmtting station,
step k9 enimnics pesfopmanceaivstiiet neshtenlcapoediphiaH Gakh %o
fromthe transmtting station 112 i g ,producg)g by 0|pait‘;'latalrgEt
Beeks atjsici02 plhiesdatiasi ttLth hon/ correcti o
encoded}m by er Por et ect i%ﬁ%or r ggﬁ?@%ﬁgﬁgflu .Yﬂ’e data
Is spread and time-multiplexed

r.en ed. dat )
%ﬂftﬁﬁéﬁ? Fgﬁcﬁ%ﬁgog’étﬁﬁ’r% gxirasss thedaggehpdivstnentimfienestion, such as
insertion device 104 in the appropriate tine slots
& roosejestmente Arsggopdate deeics 401 uijubE RS @)
comuni cation burst. The spread si gn‘ff}lﬁlll is anpli %e?g}ju%nygthe
e@ﬂjﬂsi;_ﬁl[g%,&gﬁ n I b lator .108 to
t2?gdi o frequenc .4%2‘11%%%&(1)?‘;6?%5%1% T @ 2 targetrecetved
_ ntyolled by the transm t power cal cul ati on device. 98
P{;‘g'e%%ﬁ?le‘géh? %@e’d’é‘i‘%ﬁﬁ?%&m{ ransmi ssi on power |evel .
‘The power controlled communication burst is passed
t8 gr A arsenit powat ailcBdiandevie9 R EedbRYs HRQIAME fset level”
with the weighted path loss estimate, L, and long term average of the pathloss

estimate, L, to determine the transmission power level of the transmitting station,
step 47,

Data to be transmitted in a communication from the transnﬁtting station 112
is produced by data generator 102. The data ils error 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 slots and codes of the assignﬁ:d resource units producing
a4 communication burst. The spread signal is amplified by an ampliﬁer 106 and
modulated by modulator .IQS to radio frequency. The gain of the amplifier is
controlled by the transmit power calculation device 98 to achieve the det;anrﬁncd
transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.
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The followng is one outer | oop/weighted open | oop
power control algorithm The transmtting stations's
| evel in decibels, PTS, is '

transm ssi on power
determi ned wusing Equation 2. PTS = SIRTARCET + IRS +
a(L-L0) + Lo + CONSTANT VALUE Equation 2 The Sl RTARc;

- ET has an adj usted val ue based on the received target
adj ustnent signals. For the downl.ink, the initial '
val ugtefolARER bt A H0 BR300 508 conk Al 1190k
112. For wupli %k power corﬁr gfgf]ﬁ%#dﬁﬁ;é%{%‘ggngh‘gﬁ@gonm

stati.on 110 to the transmtting

r, e .recei.vin | r
T@?g’{%ﬁ“‘ﬁ% Al Y Prapsmisgion posk lavghinadesibelnibriis determined
value for an adjusted SI RT,,RGE,. may al so be

uging dequsdionthe adj usted SIRTARQEl is linmited to the
maxi mum and m ni num values. RS is the neasure of the

I nt epf erence rolevgl yaty t k4 tatiqn. |
110 0% SoReeb a1 oTTal Pt SN AT e dation 2
R ., Ok, fhe nbost recent tinme slot 361-36" that the
pat hH e R ryest RS AnAd sied Yalue bassdioprbe reseivedvapeyaljoftment
- the %h loss in decibels, is the running average of
sigtiads. (Ror ibheodosvrel ik, dRdifitial valibef SINST AN kndibh & thStr@nsmittii
correction term The CONSTANT VALUE Corrects f(glrlé‘trgnsmmulg
stafiohf BreNpgs ' downl i nk chapnel 5, such,
as to corrpelr%lglzlll%}%eb’iaglf3 Pglu"lf‘#]"l’gr gglg%‘}ﬁ?ﬂs ﬁ’pﬂqafﬁflaﬂﬁﬁb e recerving
mﬁg hhnk ain. Additionall & t he CONSTANT VALUE
8 % R OE agsmiipg sttiop 121 Additionaly: 2 pewinumehd nenisum
-l evel of the receiving station is transmtted, instead

valge fohan adinset SIRaQSH mapailes be Tignhledt NERd 88RLMH X
station 110 is a base gtpati on, tgﬁe C(]\ISTAﬂE}l VArL%IE{Tf‘P?E"IS

line kRN and ik B Sfinds. TS M TN MBI AR NG, e

val ue, nmeasure o
' poxpe%tlgvél%% fhe receiving station 110.

L is the path loss estimate in decibels, Tgs ~ Ry, for the most recent time slot

36,-36,, that the path loss was estimated. L, the long term average of the path loss
in decibels, is the running average éf the pathloss estimate, .. The CONSTANT
VALUE is a correction term. The CONSTANT VALUE corrects for differences in
- the uplink and downlink channels, such as to compensate for differences in uplink
and downlink gain. Additiona]ly, the CONSTANT VALUE may prdvide correction
if the transmit power reference level of the receiving station is transmitted, instead
of the actual 'txansmit power, Trs- If the receiving station 110 is a base station, the |
' CONSTANT VALUE is preferably sent via a Layer 3 message.
The weighting value, o, is a measure of the quality of the estimated path loss

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

13-




and is, preferably, based on the nunmber of tinme slots
361- 36" between the tinme slot, -13 n, of the |ast

path | oss estimate and the first tine slot of the

conmuni cation transmtted by the transmtting station
112. The value of a is between zero and one.

Cenerally, if the tinme difference between the tine
slots is snmall, the recent path |oss estimate will be
hpofithy lastgmaiiossd @timad aad il et tiraé slat yathél€ofin@sRatidd tRmitted
By contrast, if the tinme difference is large, the

PRlR ﬁaﬂﬁﬁttﬁgtsﬂag?{]ﬂlzn‘?ﬂe Mle H% A%E e@x’i gergglq(% BIF]E eﬁé}ggz if the

term aver ag 0SS neasur erren
est mate or t pat h | gss. Accord| ngl.y,

BB o et b mp s il B o mehos oot i b iy

equat i ons for determning a. a =1 - (D -1)/(Dmax 4)

Fgurakeiaph 0 3s sehatarmaluc@loBe to)one. By eomtrasiyif )he Ginciffiatrice is ldrge, the

The value, D, is the nunber of tine slots 361-36"

et Jogestihdiemby i bs hetrafand B 1dm%dmmiatA. ¢ bﬁﬁ $os8 flefREBent is
and the first time slot of the transm

I ef ad as the
ERTTREY Pl ot paliQof AEb e § i R bivaiefoser o
D. is the maxi mum possible delay. A typ| cal val ue for
2% rame having fifteen time slots is seven. |If the
delay is D,,,a,;, ais zero D' ,aw,,,,d is the
maxi Pquationd bavelH irc eguations fcnidbmmifno‘ng wsi ng open | oop
power control. If the delay exceeds D,,,a,;ab,,b open

| ooy aoy\emcqmmol_ly s effectively turned off bygguation 3
setting a = 0. Ing the transmt power |evel, Pr%,

det éﬁfmfﬁ@@{l—@rl)éDﬁnﬁmrh)lO}pomer cal cul ation devilguain 4
the transmt power of the transmtted comunication is
set. Figures 5 and 6 conpare the performance of the

wei.ght e uter .| oop/open | o
The valge,tD,qls e number OP tlmg slots 361-%6 between the time slot of the last path

loss estimate and the first time slot of the transmitted communication which will be referred
to as the time slot delay. If the delay is one time slot, @ is one. D, is the maximum
possible delay. A typical value for a frame having fifteen time slots is seven. If the delay is
Dy, 0118 2610 D atiowed 18 the maximum allowed time slot delay for using open loop power
control. If the delay exceeds Dymyalowed, 0pen loop power control is effectively turned off
by setting o = 0. Using the transmit power level, Prs, determined by a transmit power
calculation device 98 the transmit power of the transmitted communication is set.
Figures S and 6 compare the performance of the weighted outer loop/open loop,

open loop and closed loop systems. The simulations in Figures 5 and 6 were
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open | oop and cl osed | oop systens. The sinulations in

Figures 5 and 6 were -14 perforned for a slightly

di fferent version of the outer | oop/weighted open | oop
algorithm In this version, the target SIR.is updated

every block. A SIRTARGET is increased if a block
error was detected and decreased if no bl ock error was
detected. The outer | oop/weighted open | oop system

. - . .
upedoimpdatarod sBghtEAURMEAR Rri6s 0? 2?%&)}]1%52 lgﬁf)&ﬂeé@{tgd ¥pen loop

The sinmul ati ons conpared the per
ssi on power

S c olling ..a UE's 1 transm :
;R SIS versiith, 15 Greet SIB ierpdiied svemiblopaddeS R usger is
every block. In the sinmulation, each block was 4

fingreased ifa blaskierzor mas detested end de@easedhitimo Block east wh¥Betected.
raw bit errors occur over a block. The uplink

CTHEOKrA86p AN Eigl i l?hés %QQ&FEQ?QQQ%QEI@ u%%id&eﬁr was used

frame. The target ock err

ARQET L s updated eve 4 frames. The _
-s[{; grrell}ﬁgﬁg %%&Wg@goqq@mm %P Rethenwicepl fesystpatsenstrolling
for a UE 321 traveling at 30 kiloneters per hour. The

3ils A dernsmgssiant pawaneved eBot e simnilefows, 46 CRE bity wel padded
reception with each antenna having a three finger

BRIFDI0RR S Y e it of, TS 10RR wADR BORIITR U 0B L8820 dStare

channel and SIR estirati on sed on a m

of burst.type 1 field in_ the presence of
g’ﬁ%ﬁ?@é%ﬁ\‘f ¢ ’éa‘%%l{}éﬁp% ofgirer akingk. Fhe uplinkl copimnnication
yused an International Tel econmuni cation Union (JTU) :

¢baprelis pepigmed gretinh alut pler firacheQPEe tapge fof thiedblock error rate is
Interference | evels were assuned to have no .

‘cone der o P g Tate Ve R R, Seiong, pgavess e
p%%%aﬂé&%f%égeossrﬂgr% forRUE TS %rgsgiﬂgnattfﬁ%r OII?gtCl‘tS ?)%r hour. The
simulated base station used two antenna diversity for reception with each antenna

_ haying_ a threc finger RAKE receiver. The siﬁlulation approxiﬁlated 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 Werc assumed to have no uncertainty. Channel
coding schemes were not consideréd. Ly 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. E; is the energy of the complex symbol. Figure 5
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required ES/NO for a BLER of 10" as a function of tine

del ay between the uplink tine slot and the nost

recent downlink tinme slot. The delay is expressed by

the nunber of tine slots. Es is the energy of the

conpl ex synbol. Figure 5 -15 denonstrates that, when

gain/interference uncertainties are irgnored, the

performance of the conbi ned systemis al nost :

[ ersEafes thattrfeen gain/inetritrtrd umeeftaindePare Y&IRED, thel ormance

conmbi ned system out perforns the cl osed | oop syste or

afl thdebaytfined $ystieis i d_i.nterference

- uncertainti es%y t hels?z{rlgﬁ)g{r]nﬁ??@%] ggﬁ%’%ﬂ’é‘?}@f“eeﬁppﬂ O0p system.
[WeTe) stemis ejther tgo high or too | ow of the

_ (rallgrﬁﬁrbr?a 153‘?%{)5%3‘? Rutpgrtaphs texleseddpep systen far ghdeiays.

' uncerhg{l_;ty of -2 dB was used. Figure 6 shows the

BLEB Hreseote ofgaifi ahd inteiEb@yce TR riafitdds

SILRr,Rcn,. for each systemwas set to it s%eﬁ%&hﬁ%ﬁ%ower-

el eShe R ' - Lai ned f.romFigure 5, in

order t ola)gchi g\g’?%%ﬁkﬁéﬁh%’lfw?%?&ﬁ%g}gwgﬁh feminad value. In

j presence,_of gain uncertainty, both the -

%%ﬁ‘{% :i%% & f‘jﬁﬁwiﬂ G fogalp H@ﬁﬁf@%tﬂélfs_z&We& usechFigase 6afiows the

BLER. The performance of the weighted open | oop

ER afa fenasionlof thitaiplad The inilil SEALAB SIRL, A 4is
equi pnent (UE) for controlling transm sgf‘%?ﬁr%g%{lecrhsyﬂemwas

skerdissedriEsforisd SALER VX ead-spectrumtijnme .
di vi si on dg%l exé(T ) tecLe%&%Qg@ hEIgULe ek oxger fp achieve
: t'ﬁ@ﬁl t.safar co ni cati on, the UE conprising: a
ar}rgeas U r"?r@ d g&ﬁ‘&’@%}ﬁ‘?@@%@ the presssice of gdinrimgrtainty, betth the
tipe slot, a . '
combined and closed loop systems achieve the desired BLER. The performance of

-

_ ﬂle_"weighted open loop system severely degrades.

E S * *
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comuni cation including a power |evel and neasure the
power |evel of the received communication and an
interference power |level; a pathloss estinmation device
configured to determ ne a pathloss estinmate and a

| ong term pathl oss estimate, based in part on the
nmeasured power |evel and the received power |evel; a
qual ity nmeasurenent device configured to determ ne a

CLAIM8st quality factor, g and a second quality factor
1- q of the pathloss estimte based in part on a
nunber of tineslots, D, between the first and a second
tinmeslot; and a transmt power cal cul ati on device

Can I gAr ﬁéiart Quifeat (UF) 30# %%ﬁﬂlllr%oﬁ%hshﬁyﬁbn fp@%ver levels in a
ssion duri,ng the s %& tlﬁE({ art
systefs, Sihy E%sﬂagt%%vreaét BeLm Bpre divasian, ‘}P:%?’F CEDEY teptiniaue having
framésd with nmlslots/fdramhﬁnunicatzbnnﬂretUEnomqiﬂmémgs est i mat e
mul ti phgﬂ Q%{lrtilpé d%gfcgng)n cﬁ 11%%19{3 d{lflnt hg ﬁrst tlmF slot, a
I'nt erterence eve

nmeasur e
commuynipgfien indediag 2 pever EtVGI andmgam thalm@ergeveﬂ% thiE received

comnﬂim@éﬁbﬁhﬂd‘éﬁﬁh@éﬂeﬁnﬁ@ b%m&}eilre sl ot del ay i's Dma,
erm ne y, g is, dete

and a=
" o 1 Pt ool ddbicn <BRRAE Whodgiariing o pathloss
- estimabx iandna drgotereh batiosd e@mﬂal:@}bassd[i)mpart @l theetheaBdired power

level %Qge;%g%%ew ‘g%afwgéyl) qis dfet ir7m ned by: a= max

a quality measurement devme configured to determine a first quality
factor, g and a second quality factor, 1- a of the pathloss estimate based in part on a
number of timeslots, D, between the first and a second timeslot; and

a transmit power calculation device configured to set a transmission
power level for transmission during the second timeslot based in part by adding the
pathloss estimate multiplied by the first quality factor, to long-term pathloss
estimate multipied by the second quality factor, to the measured interference power

level, to a target signal to interference ratio, to a constant value.

2. The UE of claim 1 wherein a maximum time slot delay is D___ and the

determined quality, g is determined by:
a=1-(D-1)/D,.-1).

3. The UE of claim 1 wherein a maximum allowed time slot delay is D__,

allowea 1A the determined quality, g is determined by:
a= max {1-(D-1)/(D,,... atowea-1); 0}.
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