9 Cctober 2006 WEI GHTED OPEN LOOP PONER CONTROL IN A TIME DI VI SION  DUPLEX
COVMUNI CATI ON SYSTEM BACKGROUND Thi s i nvention general | Y @ablxr@806 o spr ead
spectrumtime division duplex (TDD) comrunication systens. More
particularly, the present invention relates to a systemand nethod for
controlling transm ssion powerw thin TDD comruni cati on systens. Figure 1
depicts a wireless spread spectrumtine division duplex (TDD)

comuni cati on system The systemhas a plurality of base stations 301-30,.
Each base WEIGHTEID ORENTOORPWER [CODIROIVINTE THMK WVISTON 323 in

ts operating  area. CUPLIER COMMMURIERTIGN SYSTlgbase station 301 to

a UE 321 are referred to as downlink communicati ons and comruni cati ons
transmtted froma UE 321 to a base station 301 are referred to as uplink
conmuni cations. In addition to cgapugiqebigpover different frequency
spectruns, spread spectrumliDD systens carry nultiple conmunications over
the sanme spectrum The nultiple signals are distinguished by their
respective chip code sequences (codes). Also, to nore efficiently use the
spr ead- spect r Ulipis ibRestjout geserally irtlatest toasprdad spedtivgininme disdsione@gslek ng

fradmes 34 divided into a nunber of tinme slots 361-36,,,, such as fifteen

361 35 (P SRR e MDD ARG B ient naBGE B T '

carrying nultiple comunications distinguished by both tine slot 361-36.
and code.asygemangl method for controlling transmission power within TDD communication

systems.

Figure 1 depicts a wireless spread spectrum time division duplex (TDD)
communication system. The system has a plurality of base stations 30,-30,. Bach
base station 30, communicates with user equipments (UEs) 32,-32; in its operating
area. Communications transmitted from a base station 301 to a UE 32, are referred
to as downlink communications and communicatic;ns transmitted from a UE 32, to
a base station 30, are referred to as uplink cprﬁmunications.

In addition to communicating over different frequency spectrums, spread
spectrum TDD systems carry multiple communications over the same 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 repeating frames 34 divided into a number of time slots 36,-36,,, such
as fifteen time slots. In such systems, a communication is sent _in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capable of carrying

-multiple communications distingqis_hed by both time slot 36,-36, and code. The use
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9 Cctober 2006 of a single code in a single tinme slot is referred to as a
resource unit. Based on the bandwi dth required to suppoPtOcoteodfii cati on,
one or multiple resource units are assigned to that communi cation. Most
TDD systens adaptively control transm ssion power levels. In a TDD system
many comruni cati ons may share the sane tinme slot and spectrum Wwen a UE

321 or' b | L cel Vi pecgi.fic communicatign, all the
other conminiks FH A RglcEt tdds Pebliel o afghouotittPlsed en dho
interference to the specific conmunication. Increasing the transni ssion

pover | evieandsyidgneequinsthia suppart 8 cotmpuzidation, vmeir ondiipleuebaninte efnitglake Ot her

comuni cations within that tinme slot and spectrum However, reducing the

transm ssi@biRaw thdteimbaeadsy results in undesirable signal to noise
ratios (SNRS) and bit error ratées (BERs) at the receivers. To maintain

both the signal quﬁ;?ity of communi cations and | ow transm ssion power .
| evel s, trans%’jé)ﬂt Dhaptamsaiaptively eonisd dranomissignpaeetievalisndn tar BRI ssi on

power control in a code division nultiple access (CDVA) conmunication
system | syseagihigdodriinkin@atiBat ably Mare BicoelO3ic odPaRUSERufL Wick A
transmtter sends a comunication to a particular recerver. pon

power .i s nmeasyred. The, received signal power

recepti on,gﬁ:it]gzrecgi ved si gg@: ] >
i s conmpafe 1O RS Y% BIGCEViRER SPsGidic cosampaicationnall ¢henefliarson, a
control bit is sent to the transmtter either increasing or decreasing
transni ssommpnmetionsyusing fthe eanationd slot IndCHcbiem’ @66 HREFERMES B dant r ol
signal to the transmtter to control the transmtter's power |evel, such

power Cogfyé&hct E6LRLHIER A © ﬁ?&@ﬁﬁg ﬁ1eef rz{n%gﬁss}oon apsov%roigw(rjcll % p'onc

communication degrades the signal quality of all other communications within that
time slot and spectrum. However, reducing the transmission power level too far
results in-undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the
réccivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power control i;v. used.

One approach using transmission power control in a code division multiple
access (CDMA) communication system is described in U.S. Patent No. 5,056,10§
(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 received signal power. Based on the comparison, a control

 bitis sent to the 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 fechniques are comumonly referred

to as closed loop.




-2 9 Cctober 2006 Under certain conditions, the performance of closed | oop
systens degrades. For instance, if communications sent bé&tQuarr 200 321 and
a base station 301 are in a highly dynam c environnment, such as due to the
UE 321 novi ng, such systens may not be able to adapt fast enough to
conpensate for the changes. The update rate of closed | oop power control

in a typical TDD.systemis 10Q.cycles second I C I s not sufficient
for fast fading iRefIn gpgﬁ&géséﬁgpﬁ%m%g@%sﬁ}%xsﬁ;m;é ‘ng
or adjusting transm ssion power for signals between a nobile station and a
base statipgc id%ta%c@]' FlcbaimiRidatibns s&it Setwedn £V 327 ankDa Beiedtation 30D 8re in

transm ssion power |evel, the nean values of the signal strength and

signal transm ssion quality are determ ped. B n the nean val ues, an
SeT el pat cRRIBH A me I aREIPTAER PSS e 106 U S5 Tap VihEa b poPcres miay
subsequent tine period, assum ng the transm ssion power is maintained

unchanged. nofﬁﬂ?aﬁléitﬂﬁﬂﬁﬁtsf efesWi tol citBperivate flop tiad! bl NTHe Wpddte thebfi S
e

adj ust ed based on antici pated val ues. WD 98 45962 A di scloses a net hod
for controlling, a transm ssiqQn powet | of a jle.termnal in g

ot ol 11t o oREINOBROu SNFah i AR sbALID ustereis Tyt el Sepond tehich

cl osed-1 oop and an open-1oop elenent. For the closed-l1oop elenent, the

base st at ij@motahFishefor fhs fadig chdn@els. nal ' s power setting based on the
strength of the signals received fromthe nobile term nal. The base station

pover setti ng. BEOWGA SsZ U AR RS AubcRlTor e MR b na b Rn Ko S od
the received signal from )
power for signals between a mobile station and a base station in a digital mobile
telephony system. To determine the transmission power level, the mean-values of
the signal strength and signal transmission quality are determined. Based on the
mean values, an anﬁcipated signal strength and signal quality are calculated for a
subsequent time period, assuming the transmission power is maintained unchanged.
The transmission power level at the subsequent time period is adjusted based on the
anticipated values.
WO 98 45962 A discloses a method for controlling a transmission power
Ievel of a mobile terminal in a satcllite communication system. The power control
method has both a closed-loop and an open-loop element. For the closed-loop
element, tﬁe base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takes into
~account the propagation delays of the satellite system in the power setting

determinafion. For the open-loop element, the strength of the received signal from

~ the base station in each frame is compared to the strength of the signal received in
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t he base station in each franme is conpared to the strength of the signal
received in 3 9 COctober 2006 the previous fi-anme. The OrQmarr 20@ower of
the nobile termnal is adjusted inversely wth the variations in the
observed signal strength. Accordingly, there is a need for alternate
approaches to maintain signal quality and | ow transm ssion power |evels.
SUMWARY I n accordance with a first aspect of the present invention, there
is provided a user equipnment (UE) enploying a spread spectrumtime

di vi si orthel ppveoust zarnai Hoe transmit goven ot thenmobile termisdlds adfusteddoverselycat i on,
conprising: neans for receiving, in a first time slot, a first

communi cwith dre Yandtiogs an plovwebselresdedignatestrengtho A ooemkingtiy nhere isponed foevel of
the first communi cation; nmeans for determning a path | oss estinmate based
i n part abermateappresibesth mautain lsnel quabidy b love aensmedsipnypewet kevels; means for
determining a long termpath | oss estinmate. based on prior path |oss
estimates; neans for setting a transm ssion power |evel for a second
comuni cation in a second time slot based in part on the path | oss
estimate weighted by a first factSuvaidRYe long termpath | oss estinate
wei ghted by a second factor, wherein the first and second factors are a

function of dntaemrdarRawihiaofirsPhspebeof thereqnd ifRaAGS thi@Es prétided and
means -for transmtting the second communication in the second tine slot at

the set ysé &iipinesi QUEPEMDloyif 8lsprdall speeefusianae dtisinadprsopdhamaect of

the present invention, there is providéd a user equipnent having its

transm $gin@TrRANEHWitheMEe sIGRYoF BbmaRmAoHSERHpAsiRR Raths PREETVNE, tih e
di vi si on dupl ex technique using frames wth t?ma gl ots for
a first time slot, a first communication having a power level; means for measuring a
power level of the first communication; means for determining a path loss estimate
based in part of the measured power level and the received power level;, means for
determining a long term path loss estimate based on prior path loss estimates; means
for setting a transmission power level for a second communication in a second time
slot based in part on the path Ioss estimate weighted by a first factor and the long
term path loss estimate weighted by a second factor, wherein the first and second
factors are a function of a time separation of the first and second time slots; and
means for transmitting the second communication in the second time slot at the set
transmission power level.
In accordance with a second aspect of the present invention, there is provided -
a user equipment having its transmission power level controlled and using a spread
- spectrum time -division duplex technique using frames with time slots for
communication. comprising: means for receiving, during a first time slot, a first
communication and transmitting an amplified second communication in a second
time slot; a channel estimation device coupled to the receiving means for producing

channel information; a data estimation device coupled to the receiving means and the
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comuni cation conprising: neans for receiving, during a first time slot, a
first comunication and transmtting an anplified secon® @aoban@De@t i on in
a second tine slot; a channel estimation device coupled to the receiving
means for producing channel information; a data estimation device coupled
to the receiving neans and the -3a 9 Cctober 2006 channel estinmation
device for producing interpreted data; a power neasurenent device
responsive to the channel information for producing a neasurenent of a
recei vedhponsr estiaasionodevidre for pradusngmimienpeated nlatas 2 powep gseassramati on
device responsive to the nmeasured received power |evel for producing a

pat hl osdlewioei reapensiveoto theechinnst information £o1 produgingual ieasumraenir efnent
device for producing a quality neasurenent based at |east in part upon a
ti me sepecaavédponder tlheelf of she tfirae cotrmurdcation; as eathbokst estemationt dewicer ansmi t
power cal cul ati on device responsive to the. pathloss estinmation and the
qual i t y respemsiverterthe hmasyped deivgl powendevel fortprofucing agpathlase estatate | east in
part upon the path |loss estimate weighted by a first factor and a long term
‘pat hl osdoetid fiest eomminglitatidnpy qualise ardsiresientr devibe f@i protiheingia ghalapd second
factors are based in part on the quality neasurenent; and an anplifier

r esponsimveastuenidne bagedvit leaspint part u?d)lgaaim@mﬂ)amfﬁ)ﬁctﬁﬂﬂe Giesinie clat ambat o be
transmtted in the second tinme slot for anplifying the second

comuni ga¢omeintiage slof, U elahehit povwdrecdloviBtions detice! resporgi@l to theppotiligs t he
anplified second comuni cati on. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1

i Il ust r ak@matoRimd@theduhli Viedr@nt fh Setgcing blpowrt EaheS sigikbadedlas 1 N
repeating franes of a TDD system
least in part upon the path loss estimate weighted by a first factor and a long term
pathloss estimate weighted by a second factor, wherein the first and second factors
are based in part on the quality measurement; and an amplifier responsive to the
power control signal and a second communication to be transmitted in the second

time slot for amplifying the second communication as a function of the power control

signal to produce the amplified second communication.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a prior art TDD system.
Figure 2 illustrates time slots in repeating frames of a TDD system.

Figure 3 is a flow chart of weighted open loop power control.
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Figure 3 is a flow chart of weighted open |oop power control. -3b 9 Cctober
2006 . Figure 4 is a diagram of conponents of two conmuni @dddtalrer 20G& | ons

using weighted open | oop power control. Figure 5 depicts a graph of the

per for mance of a wei ghted open | oop, open |oop and closed | oop power
control' systemfor a UE noving at 30 kilonmeters per hour (kmh). Figure 6

depi cts a graphs V. M nce for.a UE noving .at 60
kni h. DETAI LEDF@&?%W @%BW“W‘HP%@@&d
enbodi ments_wi || be described with reference to the drawing figures where

li ke numeM&ightedpper loap power eontradnt s t hr oughout . Wi ght ed open | oop  power
control will be explained using the flow chart of Figure 3 and the :

conponents  of Figi-eS dRlibdi ?{. Py | i . , 112 as shown in
Figure 4. For thgem. fotiﬁlﬁévw r? 8?tSPCUSSI gﬁ‘%’?ﬂ%ﬁ%@%ﬂ‘?‘&ﬁ&?% PotPtavi ng
its translm'tter' power controlled is referred to as the transmtting

stati on 199PANd ‘%Slﬂﬁﬁdc'é}mﬂ%%&mﬁmlﬂ@mnbfﬂrraeﬂ“@i o vigh gl B kibomttegd ped
comuni cations is referred to as'the receiving station 110. Since wei ghted

open | oothquavRin/epnt rol may be used for uplink, downlink or both types of
comuni cations, the transmitter having its power controlled may be | ocated

at a base statg.on 3017 UE 321 or th. Accordingly, if both uplink and
downl i nk power €0ht ga‘epéfg%a ,Otﬁﬁ% EYSfemg P&ﬁé’fﬂﬁa&%fﬁrﬂﬂﬁgneﬁagi on's
conponents are |ocated at both the base station 301 and UE 321. For use in

at 60 kmnv/h.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments will be described with reference to the drawing
figures where like numerals represent like elements throu ghout. Weighted openloop
power control will be explained using the flow chart of Figure 3 and the components
of two simplified communication stations 110, 112 as shown in Figure 4. For the
following discussion, the communication station having its “transmitter.'s power
controlled is referred to as the transmitting station 112 and the communication
station receiving power controlled communications is refcrrca to as'the recciving
station 110. Since weighted open loop power control may be used for uplink,
~ downlink or both tgfpcs of communications, the transmitter having its power
controlled may be located at a base station 30,, UE 32, or both, Accordingly, if both
uplink and downlink power control are used, the receiving and transmnitting station's

| components are located at both the base station 30, and UE 32,. For use in |

estimating the path loss between the receiving and transmitting stations 110, 112, the
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estimating the path | oss between the receiving and transmtting stations
110, 112, the -4 9 Cctober 2006 receiving station 110-s@ndgotsr 2006
comuni cation to the transmtting station 112. The conmrunication may be
sent on any one of various channels. Typically, in a TDD system the
channel s used for estimating path loss are referred to as reference

channel s, _al.t hou%ﬂt]._ot rlﬁr chggnel s may be used. If the receiving station 110 -
is a basdecVilg Jatien 110:5¢ads g crmmunication fosthertefnsmitiing sathon $¥2r The

downl i nk conmon channel or a Conmon Control Physical Channel (CCPCH). Data

to be corovmmnaaicadohniyBe héﬂﬂﬁiﬁdﬁdd&oﬁ?ﬂé%@ﬁ?ﬁ}é qrygi%‘rﬁ h@iﬁ ;[ﬁj;ﬁe

channel is referred to as referenCe channel nel
data is ner at ed .b ref ergnce channel data generator 56. The reference
data is e?g'g‘ieﬂ'hgbc Ct;’r‘i‘é“gh u§?§1 fqr pffsém?‘aé'élgupég loss e sefeagdde ahecference
conmmuni cation's bandwi dth requirenents. A spreading and training sequence

i nsert i orchdenels@lhidughiotiactshainels may beesed, FvYeebiviia dad@dif1 TRShashe
spread reference data time-nultiplexed with a trainihg sequence 1n the
units. The

- appropri [ lLaot.s. an des of.t assi gned .resgurce .,

resul tin 3@8 étﬁt@ei%gﬁfrgﬁ&g%@%" ¥ gr%fgragﬁg 6%59%’?53@98’#5)155 cemmaryghannel

communi cation burst is subsequently anplified by an anplifier 60. The

anpl i fi e@r adommoencaontonl Physital Chgnied (€GREH).by a sum device 62 with any

ot her comuni cation burst created through devices, such as a data
generator 50, ' lam@,ﬂg LN nce insertion device 52 and
anmplifier 54. @ﬁ%&gﬁ%ﬁg co%ﬁf@g@%ﬁﬁgﬁr stgﬁ%n %%Slvﬁlf &t&’fﬁgﬂs{ﬂ%dm at or
64. The dul ?t.ed signal is passed through an isolator 66 and radi ated by -
an- ant enfi#npgl as refepd toras wfeeremcbannel data. The reference chandel data is :

generated by a reference channel data generator 56. The reference data is assigned |
one or multiple resource umits based on the communication's bandwidth
: reguirements. A spreading and training sequence insertion device 58 spreads the
reference channel data and makes the spread reference data timé~multiplexed with
a training sequence in the appropriate time slots and codes of the assigned resource
units. The resulting sequence is referred to as a communication burst. T'hc
communication burst is subséquéntly amplified by an amplifier 60. The amplified
communication burst ﬁmy be summed by a sum device 62 with any other
communication burst created through devices, such as a data generator 50, spreading
- and training sequence insertion device 52 and ampliﬁér 54. The summed
communication bussts are modulated by a modulator 64. The modulated signal is
passed through an isolator 66 and radiated by an antenna 78 as shown or, alternatcly,
through an antenna array, step 38. The radiated signal is pasécd through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of
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t hrough an antenna array, step 38. The radiated signal is passed through a
wireless radio channel 80 to an antenna 82 of the trans¥i®¢ttobay266@ti on
112. The type of 5 9 Cctober 2006 nodul ation used for the transmitted
comuni cati on can be any of the those known to those skilled in the art,
such as direct phase shift keying (DPSK) or quadrature phase shift keying
(QPSK). The antenna 82 or, alternately, antenna array of the transmitting
station 1bddulatie ussl fmamaimsnaﬁe@cbnmumm;omr‘c&l Jftthe tlesRiMRvsi gnal s
ar e- passed through an isolator 84 to a denodul at or Bgto produce a

baseband g4 b hannel
esti mati on eV| 58 g@ @ﬁ@g%%g%%ﬁgggﬂén%tﬁagé 9@@6?@8“535%3@ e(Yutal ots
and with the approprl ate codes assigned to the comunication's burst. The
channel ephseeshildkeging CQPHID.conmonly uses the training sequence conponent
i n the baseband si gnal to provide channel information, such as channel

| mpul se respon n ' ?hsd%, . . estimation
devi ce 90 and gﬁ%g&e@ﬁﬁggﬁr glnk%rh{% e\glﬁ E:délﬂg Lbﬁﬂe HXn&Hﬁh@?%%{mpﬁgbm
processed copmuni cation,.c spondi to the ref erence channel, R ,s, is
measur ed TS§IVER FapgHs Fadie i@ﬂ"“‘" "rﬁg §i dbegecaived &enﬂswaaqsadrﬂmrgh
estimation device 94, step 40. The channel estination device 88 is capable -

of separ aan h@litbe Seeber &ﬂﬁ@dulﬁmfsﬁedo prodicé lal baRbhid ﬁgﬁﬁﬂn eifie bhetAld
automatic gain control device or anplifier is used processing the

recei ved signals, the nmeasur r level js usted o correct for the
gain of t:ﬂ@g 1B Ead,puc a}sﬁ)grap C&W@“ﬁfo‘?ﬁé‘ Eéﬁﬁ) fata estimgfiont he
pat hl oss estimation device 94.

device 90 in the time slots and W1th the appropriate codes assigned to the

communication's burst. The channel estimation device 88 commonly uses the
_ training sequence compongnt in the baseband signal to provide channél information,
such as channel impulse responses. The channel infonﬁation is used by the data
- estimation device 90 and a power measurement device 92. The power level of the
processed communication corresponding to the reference channel, R, is measured
by the power measurement device 92 and sent to a pathloss estimation device 94,
step 40.. The channel estimation device 88 is capéble of separating the reference
channel from all othef 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 ggin of these devices at either the power measurement device 92 or
the pathloss estimation device 94. |
To determine the path loss, L, the transmitting station 112 also requires the
comununication's transmitted 'power level, Tys. The transmitted power level, Ty,

may be sent along with the communication's data or in a signaling channel. If the
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To determine the path loss, L, the transmtting station 112 al so requires
the communication's transmitted power |evel, T.. The tr&fetoher 880power

| evel, TRs, nmy be sent along with the conmunication's data or in a
signaling channel. If the -6 9 Cctober 2006 power level, TRS, is sent
along with the communi cation's data, the data estimation device 90
interprets the power |evel and sends the interpreted power |evel to the
pat hl oss Bewerkevebl@eisiseat along with e cemaiunicagiont sdatancht dita Sstimbese
station 301, preferably the transmtted power level, TRS, is sent via the

br oadcast F .on.301. subtracting.the
recei ved ggﬂmﬁgpégt i "gn' s&%%%&{]g\ygf,éﬁd %‘@Si ‘ﬁedﬁ&ﬂfﬁ'% P‘H‘é’f”ég‘?ﬁei t6 the
communi cation's transmtted power level, TRS in dB, the pathloss ‘
esti mat i oPRtBISF satimation devigeed.t BE trardeelvings stationktOnisem bake station F0at | ons
110, 112, step 42. Additionally, a long term average of the pathloss, La,

(T anom { Cog ong ™ Syat AT IEVe, B SR W BRlia CBPTRILHCR, ' 2°

transmtted power |evel,

reference,for the transnmtted power level. In that case,’ the pathloss ,
estimati oﬁﬁoﬁé@‘?Q@%@%‘%ld@ﬁ“@%@%@erﬁﬁvﬁiGQ;ﬂHmnre:auQa‘spommch, and
the long termaverage of the path |l oss, La. Since TDD systens transmt

downl i nk BRdnulB, frkmaheTeni cathimotcatibn s MeansARERI Igb% 'FéVéY,TﬁgGiﬁt B! NE

condi tions these communi cations experience are Imlar. s p e’norrpnon S
For 1 he. EBUIPT I on M ExliBnl SrbBaaftuiot e trsheen tumivo spdonser sa.
By adding the estimated path | oss to a desired received power |level, a
EL r1 g-n f gi sdilfnl phweep #2v Additivnallycakmgrenabiveragt o6 thel fehlok & 15 Mstdpdageast at i on
step 44. In cértain situations, instead of transmitting the transmitted power lcvei,
Tgs, the receiving station 110 ﬁiay transmit a reference for the transmitted power
level. Inthat case, the pathlos& estimation device 94 provides reference levels for the
path loss, L, and the lon;gr term average of the path loss, L,.
Since TDD systems transmit downlink and uplink communications in the
same frequency spectrum, the conditions these communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
lloss experienced for the downlink will also be experienced for the uplink and vice
versa. By adding the estimated path loss to a desired received power level, a
transmission power level for a communication from the transmitting station 112 to
the receiving station 110 is determined. This power control technique is referred to
as open loop power control.

Open loop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss experienced by
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the receiving station 110 is determ ned. This power control technique is
referred to as open |oop power control. Open | oop systefddiehee200@nbacks.
If a time delay exists between the estimated path |loss and the transmtted
comuni cation, the path | oss experienced by -7 9 Cctober 2006 the
transmtted communi cation may differ fromthe calculated | oss. In TDD where
comuni cations are sent in differing tinme slots 361-36qg, the tine sl ot

del ay bet thedmnsndtted cethnandcatiansay differ fronths icakulaed 10wy IITDIRGBd e
performance of an open | oop power control system To overcone these

dr awbacks | I . deyi ' I ght e n,l oo ower
control | e‘r:mﬂagl?@e tfeo?fn%gﬁégie'ﬁ[t ﬁ@%&%ﬁ;ﬂ%ﬁoﬁﬁﬁ%@ &%ﬁ‘%@ﬁ Sg’éﬁﬁﬁy @§§‘f’g§fep 46.
The quality neasurenent device 96 also weights the estimted path |loss, L,
and | ong reeeivedvasdigasoiitieheomatunicasions iy degradet the iperformases 6f amspegy | evel
by transmt power calcul ation device 98, step 48. As illustrated in Figure
4, the alals I | §t e_power

measur evrrvlea!r? ? BJ% \?‘l( égre& 3 EJ,OP g&tﬁﬁﬁ" gﬁ%‘%@% itt(?;%se e%‘lﬂgg Zl,g qg‘ﬁgfﬂ #@“HE%‘EE‘P% ment
device 96, ,and transmt power cal cul ation device 98. The following is one

of the préavaseAHingw qsadoopppwprsantrallend PO deteamipnsitetqualitrhbthe

transmtting station's power |evel 'in decibels, PTS, is determ ned using
Equat i on ghtinfal&d tﬁﬁ@ss‘ts@éﬂ-ti&?‘?[‘héqhﬁligr RSk AREntdd e BEUR WG mtﬁﬁs I's
t he- power |evel that the receiving station 110 desires to receive the
transmtting station's omw&x ication in dB., PRs s determ ned by the
desi r ed §s;§g1a?ecfa patlcl)rioss, ]E an Pong term average of the pathfoss, o to set the Il%lmsmit

power level by transmit power calculation device 98, step 48. As illustrated in
Figure 4, the weighted opén Ioop power controller 100 consists of the power
measurement device 92, pathloss estimation device 94, quality measurement device
96, and transmit power calculation device 98.
~ The following is one of the preferred weighted open loop power control
algorithms. The transmitting station's power level in decibels, P, is determined
using Equation 1,
Py = Pyg + a(L-Lg) + L, + CONSTANT VALUE Equation 1
Pys is the power level that the receiving station 110 desires to receive the
transmitting station's communication in dB. Py is determined by the desired SIR,
SIR 14rcer at the receiving stati(;n 110 and the interference level, I, ﬁt thereceiving
station 110.
To determine the interference level, I, at the rcoeiving‘ station, received
- communications from the transmitting station 112 are demodulated by a demodulator

68. The resulting baseband signal is processed, such as by a channel estimation
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SI RTARCET., at the receiving station 110 and the interference |level, IRS,
at the receiving station-110. To determ ne the interfer&Reobaély |RS, at
the receiving station, received comunications fromthe transnmtting
station 112 are denodul ated by a denodul ator 68. The resulting baseband
signal is processed, such as by a channel estimation -8 9 Cctober 2006

devi ce 70 ,and dat,a timator device /2 in the tinme slots and with the
appr opri afiﬁwcﬁggé‘gde?s‘i‘? ﬁg@fﬂﬁf% q%lyéf‘ﬁglr% ‘t“ttbﬁ&néq %{pts(ﬁpcgw fheAPRERPrigles. The
channel information produced by the channel estinmation device 70 is used

by an i nt esdesrssigeed theatansaiitting stationscotdminicdGbsy, MSchadgel inFGinAigance
| evel, In. The channel information nay al so be used to control the

transmt r vel ,of the receivin stat i 110. channel i nformation
is i nput Bideed B und! cldiie] “GlimAdd, SBL2h' 20 & a6y AndRtesierenneat i on
device 76. The data estimation produced by.the data estinmation device 72

i s used wnehsurtraenthdaviek 74 ftordui¢rinuine e tiherferamenidveolper Thelchghagli on
device 76 to control the anplifier 54 which controls the receiving

S RraRCuR M RO MR g " Bdel AR R PRy B e84, e -
receiving station 110 to the transmtting station 112. For downlink power
control , stmaRdEr The chaanal iaformation iy mpyhia a dag estimation device Tbandipl i nk
power control, SIRTARCGer is signaled fromthe receiving station 110 to the
transm t tgfignfit powep calbatatidtl 8iEHT8! TR data EGHAAEH produced by the data
estimation device 72 is used with the channel information by the transmit power
~calculation device 76 to control the amplifier 54 which controls the receiving
station's transmit power level.
Py; is determined using Equation 2.
Pgs = SIRrupeertles Equation 2
Is is either signaled or broadcasted from the receiving station 110 to the
transmitting station 112. For downlink power control, SIRy, et is known at the
transmitting station 112. For uplink power control, SIRy,pger is signaled from the
receiving station 110 to the transmitting station 112. Using Equation 2, Equation
1 is rewritten as either Equations 3 or 4. |
Prs = SIRpppgertIs + €(L-Ly) + Ly + CONSTANT VALUE Equation 3
Prs = o L+(1-0)Lg+ Igg + SIRpppgert CONSTANT VALUE  Equation 4
L. is the path loss estimate in decibels, Ty - Rys, for the most recent time slot 36,-36,

that the path loss was estimated. The long term average of the pathloss, L, is a

running average of the path loss estimates I.. The CONSTANT VALUE is a

9.




l1isrewitten as either Equations 3 or 4. PTs = SIRTARCE. +lps + a(L-La) +
Lo + CONSTANT VALUE Equation 3 Pls = a L+(1-a)Lo+ |,.-s ¥ (BitGbEAREET+
CONSTANT VALUE Equation'4 L is the path |oss estimte <in decibels, TRs-
RTs, for the nost recent tinme slot 361-36" that the path | oss was
estimted. The long term average of the pathloss, Lo, is a running average

of the path |oss estipate TANT VALUE is a -9 9 October 2006
correcti o??rfeé;%HP temmg. @Qé@hﬁ%@%ﬁl eegeelsfordiffacncnsdn thevuplisk upl i nk
and downl i nk channels, such as to conpensate for differences in uplink and

downl i nk gl dowAlilt dtpmaklsy subhesCONSIAMNENRL- Wor WldfeRIRM 98 HRieGd On | f

the transmt power reference |evel of the receiving station I's transmtted,

i nstead o t.he actual, f.r.ansm receiving station is a
basess at s £ ARy BN ALY Arlimmascpmovidecarssponst
signaling. If the receiving station is a base station 301, the CONSTANT
VALUE i s the ghasmitppweentferermelleget of 1 1steinklg fighiod Iﬁrﬁ@@hﬁﬁéd,ﬁﬂst&é’dh’ﬁ a,
determ ned by the quality nmeasurenent device 94, is a neasure of the

quality | | o nd . ref.erably, based on the nunber
of tine ﬁ%%@ﬁ@%@ﬁ&%ﬁwh?@n’g&%@&g Stﬁ‘,BoBf‘s P@Péﬁoﬁﬁ% Bﬁ%s
estimate and the first tine slot of the communication transmtted by the

transni t GOYSTANT SALLIR is prefemablyusensvia Liayer Basigaating. t If theaecdeingr al | v,
if the tine difference between the tinme slots is small, the recent path

| 055 est iiHioR ith bhsdRafiBh B0Y, RECWREPARIE VAL OE 3 %&gﬁ_@%ﬁh@@kﬁ&e to

one. By contrast, if t di fference arge,

Wt

3 signaling,

The weighting value, «, determined by the quality measurement device 94,
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, n, of the last path loss estimate

-and the first time slot of the communication transmitted by the transmitting station
112. The value of « is from zero to one. Generally, if the time difference between
the time slots is small, the recent path loss estimate will be fairly accurate and o is
set at a value close to one. By contrast, if the time difference is large, the path loss
estimate may not be accurale and the long term average path loss méasurement is
most likely a better estimate for the patﬁ loss. Accordingly, o is set at a value closer
to zero.

Equation 5 is one equation for determining ¢, although others may be used.

a=1-(D- I)ID,,;X Equation 5

‘The value, D, is the number of time slots 36,-36, between the time slot of the fast

_ path loss estimate and the first time slot of the transmitted communication which will

- -10-




estimate may not be accurate and the long term average path | oss
measurenent is nost likely a better estinmate for the paPlOdtdss2006
Accordingly; a is set at a value closer to zero. Equation 5 is one
equation for determning a, although others may be used. a =-1 - (D -
1)/ D~ Equation 5 The value, D, is the nunber of tine slots 361-36" between
the time slot. of the |ast path |oss estinate and the first tine slot of :

the transht Fefered &oras Hiecame slotdelash Iithe delay ds enetimetstot, 209oneh®d [ efser r ed
to as the tinme slot delay. If the delay is one tinme slot, ais one. D~ is

t he maxi nthle @dRIaDhEssislk @élav Al f . aving fifteen tine
slots is six. If the del ayayib\sA:I‘Zfﬁhgtr;l ?F@a@g?,ﬂ?%%%‘{@g?ﬁgcfn}gagsi%ﬁsng t he

transmt u(()v\ﬁg I(? el, R,s, determined by a transmt power calculation .
devi ce 98X Fhihfe %‘T“X opdlf 81C86H ¢ aRBrOaches 2a50. &lsing thestragsmitgpaweznsmi t

power of the transmitted communication, step 48. Data to be transmtted in
a communilewtl, By, determined biyraatraisniit pogestaAdilMondvicd 68 RhQ %nézgl;i’teﬁ?ég%n g at f’it N
I pl'éXed w

generator 102. The communi-cation data is spread and tine-

a traini nce by, t spreadi ng and trai.ni ng sequence insertion :
device 1 gol? ﬁgﬁﬁ Codlﬁ%ﬁlgﬁiﬁ%f%‘s ﬁ?ﬂﬂ%ﬁf’gmgo%mf spHttedreomsyingeatibiy, esour ce
units. The spread signal is anplified by the anplifier 106 and nodul at ed by

the nodstepdd. 108 to radio frequency. The wei ghted open | oop power
controller 100 controls the gain of the anplifier 106 to achieve the

determ ned tr #3itd b@@mitEYFh 2 confhuli®litidd Bom the transmitting station 112

is produced by a data generator -102. The communication data is spread and time-
multiplexed with a training sequence by the spreading . and training sequence
insertion device 104 in the appropriate time slots and codes of the assigned resource
ugi_ts. The spread signal is amplified by the amplifier 156 and modulated by the
modulator 108 to radio frequency.

The weighted open loop power controller 100 controls the gain of the
amplifier 106 to achiéve the determined transmit power level, Py, for the
communication. The communication is passed through the isolator 84 and radiated
by the anténna 82.

Figures 5 and 6 depict graphs 82, 84 illustrating the performance of a
weighted open loop system using Equation 4. Equation 5 is used to calculate .
These graphs 82, 84 depict the results of simulations comparing the performance of
a weighted open loop, an open lpop and a closed loop system controlling the
transmission power level of the transmitting station 112. Tﬁe stmulations address

the performance of these systems in a fast fading channel under .stcadj-state_
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comuni cati on. The conmmunication is passed through the isolator 84 and

radi ated by the antenna.82. Figures 5 and 6 depict graplsO8gherg406
illustrating the performance of a weighted open | oop system using Equation
4. Equation 5 is used to calculate a. These graphs 82, 84 depict the
results of simulations conparing the performance of a weighted open | oop,
an open | oop_and a closed | oop systemcontrolling the transm ssion power
level of CRBAIORRS it thisgxamp d,(tﬁem@:iviﬁgestatiimulisahi e seatibie30, ahdGhe
performance of these systens in a fast fading channel under steady-state

-11 9 Oct ghasmARRS staGBRN 4 R [ | g receiving stationis a
base station 301 %ﬁd tﬂe tranéh‘lFtB]t‘%Hr%és sﬁgﬁ%n&eglgg@%mqb Stafen.
simul atio the UE 321 was a mpbbile station. The sinul ated base station

301 used &\'iee seRvkafachbasestatinn J0,f esedrtstoeptenm divetsityafon replioRAINBNGNY 2

three finger RAKE receiver. The sinulation. approximated a realistic

Fileld i he pr ooonce (e (AR RARE r8 e TR LS pantp it &

field in the presence of ad ussian

simul ati on 'éﬁe an | nt éﬁti onal, Tel ecomuni cation Union (ITU) Pedestrian
B type chxAH CCl}maﬂ@gﬁ giftgRtiombagestanr 2 eridwobld sequtncenafi turssypedd to be
~accurately knowmn wth no uncertainty. Channel codi ng schenes were not

consi der efiield thehe GERNSTANGS Yddite aitd Ganssign $.8} ' ‘ 9f, the
power control techniques, Figure 5, graph 82 shsg\;\a(rg“?ﬁgb)'e?g%gy ﬁ%ﬁgfg
a BER

IR S T SR O bR
and QPSK modulation. Interference levels were assumed to be accurately known
with no uqcertainty. Channel codiﬁg schemes were not considered. The
CONSTANT VALUE and L, were set at O db.

For each of the power control techniques, Figure 5, graph 82 shows the
energy for a transmitted complex symbol in decibels (Es/N 0) required to maiJ.;ltain
a BER of 1% for various time slot delays, D, with the UE 32, moving at 30
kilometers per hour (km/h). As shown, at lower time slot delays, both weighted open
loop and open lqop outperform closed loop. For higher time slot delays, weighted

open loop outperforms both open loop and closed loop. As shown in Figure 6,

graph 84, similar results occur if the UE 32, is traveling at 60 km/h.

* P *
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Kilonetgrs per hour (kmih). As shown, at lower tinme slot delays, both

wei ghted open |oop and open | oop outperform cl osed | oop9 Grwben2glfer tine
sl ot del ays, weighted open |oop outperforns both open | oop and cl osed

| oop. As shown in Figure 6, graph 84, simlar results occur if the-UE 321
is traveling at 60 kmih. -12 ;1 9 October 2006 CLAIMS: 1. A user

equi pnent (UE) enpl oying a spread spectrumtine division duplex technique
using franges with tinme slots for conmunication, conprising: neans for
receivingC irst tinme slot, a first comuni cati on Havi ng a power

| evel ; nmeans for neasuring a power |evel of the first communication; means

| evel and t he. Fecerb i Qi (08 EnBBReed fof ipolfiud I BIRCIRIAO 2!

| oss esti e. based qn priqr path | Qss esti. es; neans for setting a
transm ssﬁifmﬂmﬂ%ﬁmg es%ﬁ"ﬁ“%@ﬁ'ﬁ%@@m‘i’ | PETRUE second tinme sl ot
based in part on the path loss estimte weighted by a first_factor and the

|l ong term pat h | osdmeass foraeceiviag, dme Hist Hpe slobadistrommymicatiop HavViag APPWET f | r st
and second factors are a function of a tinme separation of the first and
second tilwekl ots; and nmeans for transmitting the second comrunication in
the second tine slot at the set transm ssion power |evel.

means for measuring a power level of the first communication;

means for detmmmng a path loss estimate based in part on the measured
power level and the received power level; |

means for determining a long term path loss estimate based on prior path loss
estimates; |

means for setiing a transmission power level for a second commurication in
a second time slot based in part on the path loss estimate weighted by a first factor and the
long term path loss estimate weighted by a second factor, wherein the first and second
factors are a ﬁncﬁon of a time scparation of the first and second time siots; and

means for transmitting the second commumication in the second time slot at

the set transmission power level,
2.  ‘The user equipment of claim 1 wherein said means for determining the long

term path loss estimate is responsive at least in part upon an average of path loss estimates

of received communications,

- 13 -




2. The user equipnment of claim1 wherein said neans for determning the
long termpath |oss estimate is responsive at |east in gddetohgn@A0@an
average of path | oss estimates of received conmunications. 13 - - -
---------"9 Cctober 2006 3. The user equipnent of claim11 further
conprising; means for determining a quality, a, of the pathloss estimte
based inpart on arnmber of tine slots, b, between the first and second
time slot; and wherein the list factor is a and the second factor is 1-a.
4. The user equi pnent of claim3 wherein a maximumtinme slot delay is D.
and . the determgned,_quality, a, is determned by 5 The user equi pnent of
cl ai m 3 wherein-a F ReRncaupagatoficlain bfinthetieinprisigs D., 4"d and t he
determ ned quality, a, is determned by ct = nax 6. A user equi pnent havi ng

i ts transni ssi oweassfedetenvisingaomnlity] é,axf tiarydtilces Betintate BRb @R aSGEL Sty | ™
di vi si on dupl ex technique using frames with tinme slots for ™ conmuni cati on

conpri si ngif timeasistsf Dy bétweed thi st aldcédofd fndd il add ™ Sl Ot, A first
communi cation and transmtting an anplified second comrunication in a

second tine sl Qﬁmﬁnmu@f;g}dﬁiﬂ@s&gﬁ&iw%uﬁhed to t-he receiving

means for producing channel mat 1 on,

4, The user equipment of claim 3 wherein a maximum time slot delayis D, and

the determined quality, «, is determined by:
=1 - D-1)/Dr1).

- 3. The user equipment of claim 3 wherein a maximum sliowed time slot delay
18 Dy aniowed A0d the determined quality, o, is determined by:

= max {1-D-1/(Dpe e 1), 0.

6. A. user equipment having its transmission power level controlled and using a
spread spectrum time division duplex technique using frames with time slots for
- communication comprising;
means for receiving, during a first time slot, a first comtmmjcation and transmitting
an amplified second communication in a second time slot;

a channel esﬁma,uon device coupled to the receiving means for producing channel

information;

- 14 -




9 Cctober 2006 a data estimation device coupled to the receiving neans and
t he channel estimation device for producing interpretedS9datteher30¢ower
measur enent devi ce responsive to the channel information for producing a
measur enent of a received power |evel of the first conmunication; a

pat hl'oss estimati on device responsive to the neasured recei ved power |evel
for producing a pathloss estimate for the first comrunication; a quality
nmeasur enent device for producing a quality measurement based at |east in
part upon a tine separation of the first tinme slot and a second tine slot;

a transmt povgaaakamhAdd ARiceNd RS HRI ; ﬁemh%aﬁﬁéﬁﬂagﬁgneg LARL | on

and the quality neasurenent for oducli ng a power contro ased at
| east in pat h ss.estimate weighted by a first factor and a
| ong terrgh-%h%g?%&%%és&gﬁ'f"r' Jlé"k ted by a second factor, wherein the
first and second factors are gas,ed in p,art.&'ln the gquality neasurement; and
an anplifier r@BPBRSEASUFEIRN, deRER TSP e ghapms] infermalion for gueducing a
comuni cation to be transmtted in the second tine slot for anplifying the
second comifamremented agecaived paverilonl of the figst powmrmicetion;ol si gnal to produce
the anplified second comuni cation. 7. The user equipnent of claim®6
further conprispmbloss astitadtiongdeviveatsponiios tothedhedsatdaessivl pevdrdevell @, 15
9 Cctober 2006 a spreading and training sequence insertion device having
the comm@fd&&bﬂu?@pdﬂﬂ@ksemha@r@ﬂﬂiﬁmﬂcbﬂﬁui&ﬁﬂm communi cation’in the

ot; "and :

second tine sl
a quality measurement device for producing a quality measurement based at Ieast in

patt upon & time separation of the first time slot and a second time slot;

o a transmit power calculation device responsive to the pathloss estimation and the
quality measurement for producing a power control signal based at least in part upon the
path loss estimate weighted by a first factor and a long term pathloss estimate weighted by
a 'second factor, wherein the first aﬁd second factors are based in part on the quality
measurement; and |

an amplifier responsive to the power control signal and a second commmication to
be transmitted in the second time slot for amplifying the second communication as a

function of the power control signal to produce the amplified second communication.

7. The user equipment of claim 6 further comprising:
a data generator for producing commumication dats;
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a nodul ator having an i nput configured to receive the anplified second
communi cation for nodulating the anplified second conmmuni%c@ttoleer 2006 or to

transm ssion. 8. The user equi pnent of claim6 further conprising: a
denodul ator for converting the first comunication to produce a baseband
signal; and wherein both the channel estinmation device and the data
estimation device have an input configured to receive the baseband signal.
9. The user equipnent of claim6 wherein the quality neasurenent is in the
range of zero to one and the first factor is the quality neasurenent and
t he second factor is one mnus the quality nmeasurenment: - 16

a spreading and training sequence insertion device having the cormunication data
for producing the second commutication in the second tirme slot; and
a modulator having an input confignred to receive the amplified second

communication for tuodulating the araplified second communication prior to fransmission.

8 The user equipment of claim 6 further comprising:

a demodulator for conveiting the first cornmunication to produce a baseband signal;
and B

wherein both the chaﬁnel estimation device and the data estimation device have an

input configured to receive the baseband signal.

9. The user equiptrent of claim 6 wherein the quality measurement s in the range
of zero to one and the first factor is the quality measurement and the second factor is one

minus the quality measurement.
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