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6 October 2306 WEI GHTED OPEN LOOP POWER CONTROL | N A TI #BcPbey280®ON DUPLEX
COVMUNI CATI ON SYSTEM BACKGROUND This invention generally relates to spread
spectrumtime division duplex (TDD) communication systens. More
particularly, the present invention relates to a systemand nethod for
controlling transm ssion power within TDD conmuni cation D systens. Figure
1 depicts a wireless spread spectrumtinme division duplex (TDD) o
conmmuni cat | L I i : ' 0, - 307.
tach bace LEACHEREBOPIA TODERASTER M@R@év RSN 3557
its operating area. CHOHRIRESECOMMUNEATIONSYSIBM base station 301 to
a UE 321 are referred to as downlink comuni cati ons and comruni cati ons
transmtted froma UE 321 to a _base station 301 are referred to as uplink
communi cations. In addition to dohGRAVUND over different frequency
spectrunms, spread spectrumliDD systens carry-nultiple conmunications over
the sane spectrum The multiple signals are distinguished by their

respective chiqg. u | 50 .e efficiently use the

Cproad spect 1 TR ESE EHERIL RIEE ko spfy® el BBt BRSEYAT0F dhidled o

~frames 34 divided into a nunber of time slots 36,-36.,, such as fifteen
time sl ot(dDDrcammunicgtor aystems.c biorapatiaulasly, ithe pessent invertierredates tore sl ot's

36, -36n using sel ected codes. Accordingly, one frame 34 is capabl e of

“carryi ng a sibtein AdentROATHHcOAfrbIIAE tredhsrhisHBripdRRe wWithiR TD bh ARm#li&dtioab' - 36N

and code. The use _1

) L systems.

\ Figure 1 depicts a wireless spread spectrum time <division duplex (TDD)l
cbmmunicati.on systemh. The system has a plurality of base stations 30,-30,. Each
base station 30, communicates with user equipments (UEs) 32,-32, in its operating
area. Communications ltransmitted from a base station 30 1 to a UE 32, are referred
to as downlink communications and connnunicatic;ns transmitted from a UE 32, to
a base station 30, are referred to as uplink communications.

In addition to communicating over different frequency spectrums, spread

) - spectrum TDD systems carry-multiple communications over the same s;;)ectrum. The

-multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systcfr;s as illustrated in
Figure 2 use repeating frames .34 divided into a number of time slots 36,-36, , such
-as fifteen time slots. Insuch systems, a communication is sent in selected time slots
3'61—36,,1 using selected codes. Accordingly, one frame 34 is capable_of carrying

multiple communications distinguished by both timme slot 36,-36, and code. Theuse

.q.[..




- & October 2066 of a.single code in a single time slot istPepear?@@f to as a
resource unit. Based on the bandwdth required to support a conmunicati 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 communi cations_may share the same time slot and spectrum Wen a UE
321 or baafe single epdesmia sisglediroe slot gs refemed id aca resourceiunit, i Basedadil thiehe
ot her conmmuni cations using the sane tinme slot and spectrum cause

i nterfer ez@Avi : ok Bmé]%' [N, cas ransm ssion
power | evel gilgtcl){n%au(l‘%r&rﬁﬁ F\@%@t@%ﬂ eg@g{:]ée@}'f Pnlégglf ‘5@2‘1‘&%6%42’?‘{@? 'g?lfsa"?rf’ ot her
communi cations within that A time slot and spectrum However, reducing the
transm sSASSENEH R thateprimynigatiof. results in undesirable signal to noise
rati os (SNRs) and bit error rates (BERs) at the receivers. To naintain

both the si gnaMoSUBDII <0 REBAOn@o? 1ahshlssidn v@éﬁé@ﬁ&igp%ra r |

| evel s, transm ssion power conftrol i s used. e approach usin Sm ssion
power cogg,rol in a code divi.sion nultiple | access (CDVA) conmunication
syst em i $7UES: Y CRIBISAtSRT BRY sate thegemetipe slot aod speptarn. Vhen ). A
transm tter sends a conmunication to a particular receiver. Upon reception,
the receavidl 33, gnabaseatstion 30,nBasueiothy 4RpesificioyRtuficaied, AP othks
conpared to a desired received signal power. Based on the conparison, a

control . Qif. . | ei,t her, i ncreasi or decreasing
transmi ssi on %%&%t?%yﬁ%né ?‘? %(gé%ﬁé;ﬁﬁ?n%la &fid] seeGthun catiss f%f&ﬂa‘é%% ntrol
signal to the transmtter to control the transmtter's power |evel, such
;pgyver cofRgaHiic t communieationr e bumeasing thef Grnsmission gowaErose! | obpne

communication degrades the signal quality of all other comununications within that

time slot and spectrum. However, reducing the transmission p-ower level too far

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

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

One approach using transmission power control in a code division multiple

access (CDMA) communication éystem 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 comparéd to aﬁesired received signal power. Based on the coinparison, 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 techniques are commonly referred

to as closed loop.




©-2-6. Cctober 2006 Under certai'n conditions, the perforn@afeebeas2ed osed | oop -
systens degrades. For instance, if comuni cati ons sent between a UE 321 and
-a base-station 301 are in a highly dynam c environnment, such as due to the
UE 321 novi ng, such systenms may not be able to adapt fast enough to
conpensate for the .changes. The update rate of closed | oop power control

in atypical T 4 . C | ' | el.ent
for fast fadi n?&@éﬁﬁg@ﬁ%@‘ﬁf%@ o@%ﬁ?ﬂg§y§t§w&&?§ s|' ng
or adjusting transm ssion power for signals between a nobile station and a
base st at i Bor instanceliifjcommumdxitions seat bethmen adyEtidpand adese station Ihare in
transm ssion power |evel, the nean values of the signal strength and

anti oi pat cHEnDr At angitnBlede St R ar gk, (R 320 i SHER YRR TRy 7
subsequent tinme period, assum nght he transm tsfsi on power i%hmai nt ai nEd@f
unchanged. notBeahle enadapt fasirenpugh to lcongiensate fhetheutivages nThe updafeeratodf i s
adj ust ed based on the anticipated values. W 98 45962 A di scl oses a net hod
for contraoll] a transn ssi @k r i ' '

satel 11 te Sl Peaoﬁaeﬁ%éﬁoi% Rﬁfﬁ@fglog%!ftélﬁ%%%gf %gré:?ﬁlgﬁ?{?g? ol%dtﬁ"%’fchh

cl osed-1 oop and an open-|oop el enent. For e cl osed-1oop el enent, e .
base st at iiomot sifficiertdor fase fadibgichanrelsi nal ' s power setting based on the
strength of the signals received fromthe nobile termnal. The base station

takes int t | - i it isfort N
et LI ORISR s g s

power setting ermnation. For t thée strength of

..tRe received signal from . . . . .
. ,5“-&5 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 sigﬁal quality are calfculated 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 trgnsmission powér
level of a mobile. t.crminal ina satcﬂite communicaﬁon system. The power control
method has both a closed-loop and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setling based on the
strength of the signals received from the mobile terminal. The base station takes into
. account the propagaﬁon delays of the satellite system in the power setting
determination. For the open-loop element, the strength of the received signal from

the base station in each frame is compared to the strength of the signal received in
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the base station in each frame is conpared to the strendi®ctgferg§dd signal
received in 3 6 October 2606 the previous franme. The transmt power of
the nobile termnal is adjusted inversely with the variations in the
observed signal strength. Accordingly, there is a need for alternate
approaches to maintain signal quality and | ow transm ssi on power |evels.
SUMMARY In the first aspect of the present invention, there is provided a
met hod for transm ssion power control of a user equipnment in a wreless

tine divisperoipme hemnmmitnorstdl thamebiletearinal iralingeddeguelavidh e GHAUM ti pl e
access, t . i ng. £in t P

ot or m it e TREVEATBEIH AtorfiRAZ ML 10h Ay o Skl BHERnLY Sl

pat hl oss sigsl quaky eRllovamdahsmissitntpbpéryevelg a first weighting factor, a, by the
determ ned pathloss estimate, producing a weighted pathl oss estimte;
multiplying (1-a) to the determned |ong term average of pathloss
estimates, producing a weighted I@agmiagiyn Pat hl oss estimate; and

determ ning a transm ssion power Ievé of the user equi pnent by adding the
wei ght ed pat hinalgsire stpetvef the psdnhiavansing thitre s provided atreethodofo Idaossissist | mate to
the neasured interference level to_ a target signal to interference ratio
to a corRAMEheonfiel olea Ueh SR iya ydnslsss tgrdivitien P SATMPHGAIRE F5H™ t here i s

provi de%algfcbm‘qgm uffle g&@%s?fﬁ/e CRERI cgf'ngﬁaﬁg? %eﬁéﬁhh'% gllrl A fefRSSIeter

equi pnment conprising: a pathloss estimation device determning a
pat-hl 0s sdeesinirgt aepatidods eatisae; tdepouwmingadbp ibat average ef/paidods@stimbetseami ni ng a

|l ong term gverage of pathless estimates, nultiplying a first weighting
factor, mMultipying ﬁe&"td@?lél?t%nféﬁorp&t hyg@sgﬁmt@%ﬁ sgmwr%?%g ght ed

e R B AP Yl 0 ) B ARG IR g o ver a0
estimates, producing a weighted long term pathloss estimate; and determining a transmission
power level of the user equipment by adding the weighted pathloss estimate to the weighted
long term pathloss estimate to the measured interference level to a target signal to
interference ratio to a constant value,

In a second aspect of the present invention, there is provided a time division duplex/code
division multiple access user equipment comprising: a pathloss estimation device for
determining a pathloss estimate; a transmit power calculation device for determining a long
term average of pathless estimates, multiplying a first weighting factor, o, by the
determined pathlo_ss estiﬁate, producing a weighted pathless estimate, multiplying (1-a) to
the determined long term average of pathloss estimates to produce a weighted long term pathloss
estimate, and determining a transmission power level of the time division duplex/code
division multiple access user equipment by adding the weighted pathloss estimate to the
weighted long term pathloss estimate to a measured interference level to a target signal to
interference ratio to a constant value.

In a third aspect of the present invention, there is provided a time division duplex/code
division multiple access user equipment comprising: means for measuring an interference

level;
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estimate, and determ ning a transm ssion power |evel of &®aoler BHSdi vi si on
dupl ex/ code division nmultiple access user equi pnent by addi ng the wei ghted
pat hl oss estimate to the weighted long termpathloss estinate to a
~nmeasured interference level to a target signal to interference ratio to a
constant value. In a third aspect of the present invention, there is

pr ovi dedméant iféradethirmingagon palhiliobseostimad medis fhiSdeiimitiidpl 4 Phe tanaeaagdiser

equi pnent conprising: means for neasuring an interference level; -3a 6

Oct ober D8UEs cytiampies: mdrmenas & muliinhgnga Fest Weighdngletpigt by thedetpanipegy

det erm nj t SS. est | e for
mul ¢ 1pl e cp Rl LML, BEEE) poBRLDLERR ¢ HayHh R BRs TERND
est i mat ethe getadtingd rigngatene iagdidge tbf pathlebsoasinats, prateingTe ansghicdr long kdrinpl yi ng
(1-a) to the determned |l gng term average .of pathless estinmates, producing
a wei ghtREPIpss sefiopads: #pd gty |f95g'§te@§lelpwtraé{sm§ﬁan PRYeh ovel OF the BERFMIPHISHg a
transm sgi Q8P ek e I L Aa NG ght ed
pathlos?agﬁ@w te ?%ﬁ¥ﬁ%m3%?§ﬂ§? éﬁﬁgﬁ r%?%%%ﬁ%ﬁé% es??ﬁ%%§t¥€%%he

nmeasur edneastred frexréonaee leevldb a taoga sigaal geintegtegmad ratio to atenferwhee ratio to a
constant value. BRI EF DESCRIPTION OF TI|E DRAWNGS Figure 1 illustrates a
prior art TDD system Figure 2 illustrates tine slots in repeating flanes
of a TDD system Figure 3 is a flow chart of weighted open | oop power
control. -3b 6 Oct GEFDESERIPFION OF THE BRAWINGSr am of conponents of two

conmmuni cation stations using
Figure 1 1llustrates a priorart 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.




- wei ghted open | oop power.-control. Figure 5 depicts a gr apfciobertZhes
performance of a weighted.-open | oop, open |oop and closed | oop power
control systemfora UE noving at 30 kilonmeters per., hour (kmh). Figure 6
depicts a graph of the three systens' performance for a UE noving at 60
km h. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The preferred
enbodi nent s wiFiguve 4de aafiagrath of compehente of ewd eohirusicanbmstatibhg using Wher e

| irke nunerals represent |ike elenments throughout. Wi ghted open | oop power
control whi liaj ' e flow chartof Figure 3 and the '
conponenr%éu¥#&%€@£g@g€§§F¥§ g%égunication stations 110, 112 as shown in
Figure 4. For the follow ng discussion, the communication station having
its transni tt dfiguredwepictagrapbl ofdbeipsrioemnenceof 4 weighted epen dowpyiopthng
-station 112 and the comunication station receiving power controlled

comuni C3§é i f : \ iV ' ...Si.nce wei ght ed
open |003&%%32(r1 Cﬁ()g%rlg(?ﬁ ﬁg‘i/"eﬁ‘é@%%‘tégﬁfs ger‘iﬁ E%ﬁ’?%“%ﬁ%??%é@r"%%‘%fﬁ pﬂ]pes of
comuni cations, .the transnmtter having its power controlled may be | ocated
at a basd98t + 301, UE 321 or both. Accordingly, if both wuplink and
downl i nk power control are used, the receiving and transmtting station's

conponent s ar EiWet Gehiots alpih bR M, Sk@ksOPordHnANd (bFa P mdffifg Ue 11
d transmtting s a4t

estimating the path | oss between the recéiving an i ons
110, 112, 1%@@ -4 6 October 2006 receiving station 110 sends a
communi catTon™to the transmtting station 112. The

A
N~

DETAILED DESCRIPTION OF THE PREFERREI‘_);_EMB ODIMENTS

The preferred embodiments will be described with reference to the drawing
figures where like numerals represent like elements throughout. 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 -.t;'ansr_rﬁtter's power
controlled is referred to as the transmitting station 112 and the communication
D) ~ station receiving power controlied communications is refelre.(i to as’the rcccivi-ug
station 110. Since weighted open loop power control may be used for uplink,
downlink or both tﬁcs of communications, the transmitter having its power
controlled may be located at a base station 30,, UE 32, or both. Accordingly, if bofh
uplink and downlink power control are used, the receiving and trans mitting 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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- communi cation may be sent on-any one of various channel s6Ciygmredddy, in a
TDD system the channels used for estimating path loss are referred to as
ref erence channels, although other channels may be used. |If the receiving
-station 110 is a base station 301, the comunication is preferably sent
over a-downlink conmmon channel or a Conmon Control Physical Channel

(CCPCH) . reedivingastdtiorchimetidsal esinin@nidatoh e Bsirhidniiiss sbatien 1432 pyer the

reference channel is referred to as reference channel™ data. The reference
channel data is enerated by a reference .channel dat enerator_56. The
referencgoic{‘%l%@%WEH’gﬁenﬁ%awOHﬁ ivwgu;&g%egse fﬁfﬂglf’ Ha8adBR t he
communi cation's bandwi dth requirenents. A spreading and training sequence

i nserti onysiemi ¢ke SRamprleaded tfoe estimbtnge path tdhsrurel reftatel ends Tekesndehe
spread reference data tinme-nultiplexed with a training sequence in the

appropri | h ssi.ganed resource Lts, The

eou b1 nehauld CRIBb AT AP CIRRE R My S el B P B GRE S 1B bast "
comuni cation burst is subsequently anplified by an anplifier 60. The

anpl i fi estation dfynheetinounication ispseférablisentaovdry dovenlinlommmenehanidlh any
other communication burst created through devices, such-as a data
generato ' | &g, 1 ce insertion device 52 and
anplifie?rgg&“@ﬁgﬁggﬁﬁgﬁPﬁ?%ﬁ%ﬁ%&gg@?g%eggggfs are nodul ated by a nodul at or
64. The nnduggted signal is, passed through an isolator 66 and radi ated by
an ant enna 78Pa& tefhseramunigated; tthe fansmitting gtptionnl 2o wnthe sefetgncest ep 38.

The radiated signal is passed through a wireless radio channel 80 to an
anjenna éhnab! iNferéned sk oRgetdordtiancldda. Te kifeforet cimbriel datais =~~~ -

: 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 reference data ﬁmé-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. The
communication burst is subséquéntly amplified by an ampliﬁér 60. The amplified
) ' _ éonnnunication burst ﬁaay 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
-cbnununication bursts are modulated by a modulator 64. The modulated signal is
~ passed through an isolator 66 and radiated by an antenna 78 as shown or, alternately,
through an aﬁtenna amray, step 38. The radiated signal is pas'scd through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of
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"~ 6 Cctober 2006 nodul ation used for the transmtted com@ficlobari28¢6 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 transmtting station 112 receives
various radi o frequency signals. The received signals are-passed through

paseband eingpR e FORB b CoBubpran fe B SREOF i FOR ke o

and a data estima}tion device 90, in the tine slots and with the
appr opr i diodhogmigdlled 40 gweart,t ichlae dincotphasecshifit deyingt@RIK) dhquahratunel

estimati on device $.8 comonly uses the training sequence conmponent in the

basebandsﬂ{#ﬁgﬁifﬁ]ﬁ?ﬁﬁgwﬂs hannel information, such as channel inpulse
: e channer "I

response nformation is used by the data .estination device
90 and a power_ neasurenent device 92. The power |evel of the processed
communi cat i on Hisrzniepend? oy allernatdy, artennmasax pbihedransmiding statrasabld ed by
t he power neasurenent device 92 and sent to a pathloss estination device

94, st eRedlvesRiGRAAARI ffidnBRbipRAld e CR B el iAo S a0t S@RGAL | Ng the

reference channel fromall “other channels. If an automatic gain control

device or 'a | fi Is., used for_processing {he receive jgnals, the - '
measur ed tqreiﬁtpo F‘éi@%}‘ﬂ‘ﬁt%‘dggéo PEYHYHEcR E)F%ﬁba’fl é‘«%j@?-nﬁ%%%@é@cgevi ces
at either the power neasurenent device 92 or the pathloss estindtion

devi ce 94ignbbisgebecssediauthas pphlbhimssd estimatitiedéviaa 8fiahd alatséaimatonl 12 al so
requires the communieation's transmtted power level, T,,,. The

LLRDST U LRGROUET ol Gl gsnT3Bore IR i, 60 apBhfHd doltod N GABB' 8 TN S
comunication‘s burst. The channel estimation device §8 commonly uses the
. training sequence component in the baseband signal to provide channél information,
such as channel impulse responses. The chanpel infonﬁatién is used by the data
estimation device 90 and a power mcasuremenf device 92. The power level of the
processed communication corresponding to the reference channel, R, is measured
by the power rﬁeasuremcnt device 92 and sent to a pathloss estimation device 94,

- step 40‘. The channel estimation device 88 is capable of separating the reference
.channel from all othcr- channels. If an automatic gain contro_l device or amplifieris
used for processing the received signals, the measured power level is adjusted to

- correct for the gain of these devices at either the power fnea-surement device 92 or
the pathloss estimation device 94.

| To de;termiﬁc the path loss, L, the transmitting station 112 also requires the

~ communication's transmitted power level, Tgs. The transmitted pOWc; level, Ty,

may be sent along with the communication's data or in a signaling channel. If the

-G-




" -6°6 Cctober 2006 power level, To, "is sent along with té@coen?ih cation's
data, the data estinmation device 90 interprets the power |evel and sends
the interpreted power level to the pathloss estimation device 94. If the
recerving station 110 is a base station 301, preferably the transmtted

power level, TR, is sent via.the broadcast channel (BCH) fromthe base
RTS

station 3 syhtracting the r i ved conmruni cation's power |evel,
in dB, frgé}?'f’ﬁgevﬁgﬁiﬂs’c‘éﬁﬁﬁ‘gﬁleagi%ﬁ@’% CORERIGAEAN Selta, the\dafa estimation dB,
the pathloss estimation device 94 estimates the path |loss, L, between the

‘two statidericd 90 ifterpress thetmpraZevélishd sami| thy inRrprerd p&kE: RYRI agfmeo! the
pathl oss, La, is updated, step 44. In certain situations,. instead of _
transmtt] ] 1tted | evel . . Tom, t recejving station 110 -
may tr anslr&n ngggﬁé'g@%@geﬂﬁﬁ ?‘ﬁﬁé %WW%S%&ETN B basq ftatiomBlpase,
the pathl oss estimation device 94 provides reference levels for the path
| oss, L, peferatly thotrgnamitted posvardevedf Tihis spatVialiesisroatieast Shitgr! BDESY st ens
transmt downlink and uplink comunications in the sane frequency

spect rumg b h i Lons experience are simlar. This
phenomen ofﬁ&??lf%rs i é@’ rﬁ?’ c())t 1 'a§§’§‘é§?%%%% t?’? Fre%vzecfcg “F%BP‘&P@B? £9 f)wtcﬁgvﬁﬁt h

| oss experienced for the downlink will also be experienced for the uplink
“and- vi ce Rrgdn 6B, frymdbeisenf qasamysicatian’s drapatmiitécopewenleaelicEisindiB,ghei ved
power level, a transm ssion power |evel for a communication fromthe _
transni t pafidosstatintifiohldvie 94 RSimBES té Qgﬂﬁm&,'xgrb&%@eﬁ &9&&&%&&1{3&9 'qOZE' S

power control technique is referred to s open ['oop power confro
|l @op sys ve d ks. |f time del ay exists between the
(} A_p y t.l‘iﬂ,s Iff s?ep tfkag&[tmnahy, along term avcr%ge of the pathloss, Ly, is updated,

step 44. In ¢értain situations, instead of transmitting the transmitted power levci,
Trs, the receiving station 110 Iﬁay transmit a reference for the transmitted power
level. Inthat case, the pathlosé estimation device 94 provides reference levels for fhe
path loss, L, and the lc:m,rgr 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 i‘eciprocity. Due to reciprocity, the path
loss experienced for the downlink will also Be experienced for the uplink a.ﬁd vice
.vcrsa. 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

T




estimated path loss and the transnitted comuni cati on, t6&cpberi20ddss
experienced by -7 6 October 2006 the transmtted communi cati on may differ
fromthe calculated loss. In TDD where comunications are sent in "
differing tine slots 361-36a, the tine slot delay between received and
transmtted communi cati ons nmay degrade the performance of an open | oop

power control syste To overcone these drawbacks, a quality neasurenent
devi ce 96hTﬂrF Sﬁéﬂ&ﬂ@@%ﬂ’éﬁ@dﬁ%é@r feemithe calenlatebloge: b DI where

qual ityof the estimted path |oss, step 46. The quality neasurenent device

96 al so wedmhimiddions fd debirediiRAnG difs slot36 W,&@En&@fdﬁh@lé&éb%%e&f the
r

pat hl oss, Lo, to set the transmt T“power Ievél By transmt po

- calculatign devyice 98, step 48. As illustrated jn Figure 4, the weighted
open | oopn’:f38'v‘6€1\i a&@Wﬁ‘l“F@%@T}‘E%P&% Wﬁegwdeﬁbmp%omm@ﬂmpmvi ce

92, pathloss estimation device 94, quality neasurenent device 96, and

transm t loopgroveaicontral syeere ToasredEome teest drawbhdla, h quals Pbaddémpyef er red

wei ght ed open | oop power control algorithms. The transmfting station's

DO o) *EiteD R e ot o B B PR i BB B it of e T e

receiving station 110 desires to receive the transmitting station's

comuni c@stigmtedpati logRstepst@cThe giakity myasutemdrsdevide $6Rlso SEIgHhARGEI r, at

the receiving station 110 and the interference level, |IRs, at" the receiving

:E :E : 82, %}giglgiﬂé\i/’l e[gﬁﬁ £858) D eadd ong tith hELERE 6f HRVSthidsRE,, 8 sditifie EEGGHY' N9 |
x) . power level by transmit power calculation device 98, step 48. As illustrated in
Figure 4, the weighted open loop power controller 100 consists of the power
- measurement device 92, pathloss estimation device 94,lqua1ity measurement device
96, and transmit power calculation device 98.
~ The following is one of the preferred wéighted open loop power control
algorithms. The transinitting station's power level in decibels, Py, is determined’
using Equation 1.
Pis= Pgs + aL-Lg) + Lo+ 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,
" SIRTARGET, at the receiving static;n 110 and the interference level, Iy, at the receiving
station 110.
To determine the intcrference level, Iy, at the receivingv 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

8-




comiuni cations fromthe transnmitting station 112 are den®@Qubier@t0thya
denodul ator 68. The resulting baseband signal is processed, such as by a
channel estimation -8 - ----- - ---- 6 Cctober 2006 device 70 and a data
estimator device 72 in the tinme slots and with the appropriate codes
assigned the t rgn'sm’ tting station's comrunications. The channel information
produced b¥cYife /0sadsedata estimator davite Ti2da (e tinm mﬁ%ﬂ)ﬁvﬁﬁ‘ﬂ{éﬁﬁﬁf)ﬁﬁ ce
measur enent device 74 to determne the interference |level, 1. et channel

-~ i nformati ogodBBYsdbS ik l..the transm t-. poyer |evel of the
receiving statio %@g#ﬁgﬂ%@ﬁ%@lﬁbﬁ%%bﬁwlﬁqI?l #ﬁ&mﬂ’@léﬂfﬁmmn
estimation dﬁ\/i&%ﬁ 72 and a transmt power :calculation device 76. The data

esti mat i orPTOPEeRE Y e tchanast estimtionadédoe JAHY i is eugsd itﬁr wsethediblnhe

e

channel information by the transmt power cal cul ation vice 76 to control
the anpl i frnedsubeinati @bviCOMY &) SelehGidEHE Vi tion § trapsnit power

|l evel . PRs is determ ned using Equatlliegﬁ?ézﬁt&g%ﬁég&@;&%. %Wﬂq%t ion 2
IRS is ei ti r sh.gnal ed&]gr broggcasted fromthe receiving station 110 to the
transmtti %’YE{E‘ P dnay 850 bedised sospntinl theveansodhpowes leSeRIPREStecEivilgnown at
the transmtting station 112.- For uplink power control, SIRTARQET is:

(7 9, o, ettt e RN NG 4
= S| RTARGRG#LRp p%v@éljic'allgalat-'forli %e\ticggg? %wdayté Iégt%mggggtlirgguged by the data
) 3 estimation device 72 is used with tﬁe cilannel inforf_nation by the transmit power
calculation device 76 to control the amplifier 54 which controls the receiving
station's transmit power level.
Pys is determined ﬁsing Equation 2.
Prs = STRpancertas - Equation 2
Igs is either signaled or broadcasted from the receiving station 110 to the
| transmitting station 112. For downlink power control, SIR ,pger is known at the
transmitting station 112. For uplink power control, SIRyapger i8 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 = SIRpargertles + 6(L-Ly) + Lo + CONSTANT VALUE  Equation 3
Pr=« L+(I-q)L0+ Lis + SIRqpgert CONSTANT VALUE Equation 4
L is the path loss estimate in decibels, Tgs - Ryg, for the most recent time slot 36,-36,

- that the path loss was estimated: 'I?ﬁle long term average of..the pathloss, Ly is a

| nunning average of the path loss estimates L. The CONSTANT VALUE is a

-




PTS = a L+(1-a)Lo+ I RS + SI RTARGer + CONSTANT VALUE Equat ¢ Ontoder 2D9& t he pat h
| oss estimate in decibels, TRS - RTS, for the nost recent tinme slot 361-360
that the path | oss was estimated: The |ong term average ofthe pathloss, Lo,
is a running average of the path |loss estimates L. The CONSTANT VALUE is a
-9 6 October 2006 correction term The CONSTANT VALUE corrects for

di f f er enc@srdclioh PiIrHe ATq(nm b _ compensate for
di fferences in upli nkTgnS:Olg(g\?\‘m i nk %g‘pr?% foorn(g‘ﬁy,r&?%%& VALUE
may provid orrection if the transmt power reference |evel of the

recei vi ngi&t G2 VBHIK < snhveheds tpreqmpensate farndifferences in aplink tandower
TRs. If the receiving station is a basestation 301, the CONSTANT VALUE is
pr ef er abldpvasink pbid havtionallyl SRACORSTANTIVAL LRI JPvideidbieRion ff & Pase
station 301, theg‘éhCO\ISTAI\I'I' VAI?UE Is prefer ab‘{ny gg%ltﬁiayidggtlgée(%}kg&%[#g&nal i ng.
ti The Il ghting val ue, .a, determped by .the quality neasurenent device 94,
is a ne\ﬁﬁ@&a'b?‘%% H%Waﬁéﬂf?'%ﬂy%ievpﬂzé%&f Y188 spéion 1 Bansmifted, énsteadefer abl vy,
based on the nunber of time slots 36,-36, between the tinme slot, n, of the

- last pat khd asealessnsmit owandTiHelff thestedivitR shin B a bhSe SQEBHB; 0N
transmtted by the transmtting station 1I12. The value-of a is fromzero

to one. ERHGEALINF v By i fference.between the ti slots is small,
the recent pg?ﬁmysg%gﬁifﬁaé@?ﬁgﬂy & 14 Pﬁwﬁé{%ﬂﬂl@garﬁqﬁe TECCIYBE at a
val ue close to one. By contrast, if the time difference is large, the path
| oss  esstpfion & abgsermtatiane3de the GONSIANIHEALIAG it preferably sepe vipak dyek 0SS

measurenent is ’
) 3 signaling.

The weighting value, «, determined by the quality measurement device 94,
isa mca_éure 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 timé 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 ¢ is
set at a value close to one. By contrast, if the time difference is large, the path loss
) estimate may not be accurate and the long term average path loss méasurement is
most likely a better estimate for the path loss. Accordingly, « is set ata value closer
to Zero.
- Equation 5 is one equation for determining «, althdugh others may be used.
o =1=(D - [)/Dyy, Equation 5 -
The value, D, is the number of time slots 36,~36, between the time slot of the last

. pathiloss estimate and the first time slot of the transmitted communication which will

-10-




~nost likely a better estimate for the path | oss. Accordi 6gkipherg00s set at a
value closer to zero. Equation 5 is one equation for determning a,

al t hough others may be used. (x =.| - (D- 1)/D,,,,,, Equation 5 The
value, D, is the nunber of tine slots 361-36. between the time slot of the
|l ast path loss estimate and the first tinme slot of the transmtted '

- conmuni catd ' M P t .be referred to as the tine
sl ot" del gé&??*ﬁg e aeytulng%g)rggle m%§30¥eﬁg£‘i?eo%9s b § 25 018 0 Ungod mal
possi bl etgel ay. A typical value for a frane having fifteen tinme slots is

six. |f tthe maximgl passible delayr datypical saledona ftease heving fifleengndwlotsignsm t
power level, Pis, determned by a transmt power cal cul ation device 98,

the wei ghiedIOPeRicidPRPDPOM r S 1 t.. power of ‘the
transnitted communi c)gt i oﬁa," gﬁ%@ﬁfﬁ@?g&%@ %gé't r[jasnﬁsgnh{e?@%ﬂpfrht Eower
comuni cat i fromthe transmtting station 112 is produced by a data
gener at oie‘iﬁg’ .wq‘i)ﬁie’é@ﬁﬁﬁﬁ’w&aﬁﬁf@ﬁ]lﬂmvﬁ@ﬁﬁl%%md%ﬁ@b 35)$,rthe weightegbpered wi t h
a training sequence by the spreading :grid training sequence insertion

devi ce 1Qdoi poweonbiRP1 0% ' Eﬁq}f‘a%s - @&ﬁ‘ resource
units. The I?s%? ead signal is %?rgile:ﬂ?f'glgﬁ y“t%ﬁgfarrp | ?{étrtéc?g) ang%gﬁl ated by
the nod #eat 108 to radio frequency. The wei ghted open | oop power
control | 8r°P7 controls the gain of the anplifier 106 to achieve the
determ ned transmt power |level, PTs, for the comunication. The

communi cat i onDiag (oetsesteansnhitted gha th@maidAloRr frorth the eahaditahetation 112

' ) is produced by a data generator-lﬂz. The communication data is spread and time-
multiplexed with a &aining sequence by the spreading and training sequence
insertion device 104 in the appropriate time slots and codes of the assigned resource
units. The spread signal is amplified by the amplifier 166 and modulated by the
modulator 108 to r%tdio frequency.

The weighted open loop power controller 100 controls the gain of the
amplifier 106 to achiévc the detemﬁned transmit ﬁower level, Py, for the
communication. The c’m‘mmuﬁication is passed through the iS(:;Iator 84 and radiated

. - by the antenna 82.

Figures 5 and 6 depict graphs 82, 84 illustrating the performance of a

weighted open loop system using Equation 4. Equation 5is used to calculate c.
| These graphs 82, 84 depict the results of simulations comparing £he perférmancc of
‘a .\.veighted open loop, an open ffoop and a closed loop system éontrolling the
_' transmission power level of the transmitting station 112, Tﬁe simulations address

the performance of these systems in a fast fading channel under stcadjr-state_

..1. 1-




by the antenna 82. Figures 5 and 6 depict graphs 82, 84 % Dttogdri2886 ng t he
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

simul ati ons conparing the performance of a weighted open | oop, an open

| oop and a closed | oop systemcontrolling the transm ssion power |evel of
the transm t&lng station 112 The sinulations:address the performance of
t hese sys@@r‘r@ﬁ?r%‘ai?g@ts W‘Ej Jﬁﬁ%ﬁ"l%agiﬂogﬂéa% asg gpgon :ﬁal ober
2006 - conditions. In this exanple, the receiving station is a base station

301 and ttmsmiittarpsstatidn isg G 32). Eoritke simfa@ad, théOR 34 evaiiatubbilé ftatiohe UE
321 was a nobile station. The sinul ated base station 301 used two antenna

di versit O ti on .t h gach nt enpa haying..a.three finger RAKE
recei ver ﬁﬂ%%'%ﬁ%@ﬁaﬁaﬁ%ﬁ%%@ﬂ‘% g‘ﬁ(’&np“?{’gﬁl LYGISHLY £OIaIeREpUiom Wity ¢ac
estimati on based on a m danbl e sequence-of burst type 1 field in the

pr esence anteraddiaving anthiree fiGges Rifek Enmicsref A siniiiatish mppeérinmtediaed an

| nt.er nati:onal Tel ecommunication Union (1 TU) Pedestrian B type channel and
QPSK nod e f I r.e .ass t CGI I nown
w th no.crastiThap SRR G AL RS ol of SRR sPal BT Bl ol
CONSTANT- VALUE and Lo were set at O db. For each of the power control

t echni quéield m gy presencgrofpafdative whike Gassiamaeigy (ASYGA) r'Bine sinaulation onpl ex
"synbol in decibels (Es/No) required to maintain a BER of 1% for various
time sl ouselbh@¥sterdational TelebSmbdanehliofOUnitth @TTBOPedestrifEB &% 5c SRindapur

(knv/h). As shown, at |lower tinme slot delays, both wei ghted open
; V} . and QPSK modulation. Interference levels were assumed to be accurately known

with no un_certa'inty; Channel coding schemes were not considered. The
CONSTANT VALUE and L, were set at 0 db.

For each of the power control techniques, Figure S, graph 82 shows the

energy for a transmitted complex symbol in decibels (Es/No) required to maintain

a BER of 1% for various time slot delays, D, with the UE 32, moving at 30

kilometers per hour (kmv/h). As shown, at lower time slotdelays, both weighted open

~ loop and ope;ﬁ lqop outperform closed loop. For highgr time slot delays, weighted

) | open loop outperforms both open loop -aﬁd closed Ioép. As shown in Figure 6;_

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

* sk : *
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| oop and open | oop out perform<¢losed | oop. For higher ti®heciehan0¥el ays,

wei ghted open | oop outperforns both open | oop and closed | oop. As shown in
Figure 6, graph 84, simlar results occur if the UE 321 is traveling at 60
kmih., -12 6 Cctober 2006 CLAIMS 1. A nethod for transm ssion power contr ol
of a user equipnment in a wreless tinme division duplex conmuni cation
system usi ng code divi sion nultiplg gc&sss, the nmet hod conpri sing:
measuring an interference |evel; b Il ni ng a pathl oss estimate;
determining a | ong term average of pathloss estimates; and nmultiplying a
first weighting factor, a, by the determ ned pathloss estinmate, producing
a weighted pathloss estimate; nultiplying (1-a) to the determ ned |ong term
average of pathloss estimates, producing a weighted |ong term pathl oss
esti mate; fand demeetiad foy ransmission inewesotrntrobobp ¥sek pauiR@eEnédni pnent

by addi t he i ght e thloss estimate to the weighted.l.ong term

oot npcettsh ing BV HubiR cOR P iBiod RiT o) Skt Goliie PORE vl bRy <o
| Nt erfREeRCHd ﬁ{étﬁoaq:d}ngpi@ﬁg nt  value. 2. The nmethod of claim1 wherein
the first wei ghting factor re%resents a quality of the pathloss estintate.

3. The netrhedsofingl @ imterfdreneerevdle determ ning the pathloss estimte

determining a pathloss estimate;

determining a long term average of pathloss estimates; and

multiplying a first weighting factor, a, by the determined pathloss estimate,
producing a weighted pathloss estimate;

multiplying (1-a) to the determined long term average of pathloss estimates,
producing a weighted long term pathloss estimate; and

determining a transmission power level of the user equipment by adding the
weighted pathloss estimate to the weighted long term pathloss estimate to the
measured interference level to a target signal to interference ratio to a constant

value.

2. The method of claim 1 wherein the first weighting factor represents

a quality of the pathloss estimtate.

3. The method of claim 1 wherein the determining the pathloss estimate
is by subtracting a received power level from a transmit power level signaled on

a broadcast channel.
o 4. A time division duplex/code division multiple access user equipment

comprising:

a pathloss estimation device for determining a pathloss estimate;

13




I's by subtracting a received power |evel froma transm t6 gdwesr 20@yel
signaled on a broadcast channel. 4. A tine division duplex/code division
mul ti pl e access user equi pnent conprising: a pathloss estinmation device
for determning a pathloss estimate; 13 6 October 2006 a transmt power
cal cul ation device for determning a long term average of pathl oss
estimates, nmultiplying a first weighting factor, a, by the determ ned

pat hl oss estinmate, produci a .wei ghted_pathl oss estirmate, nmultiplyin

(1) to & HETROIMNEHCRBNGATERHeaier KYeIoieTRapHI®S J0Bs e TS Tebe oduce
a wei : m . r [ r Lon
ponerEisye Spimafs ebRTe 32 drifieiphih S MEbE B, U ot FRBLDILE" e,
equi prEmilody esdidie, Phedushightwdighatd Raniess Eﬁﬁhﬁtépnhhﬁﬁlﬁh@'(tleék k@ng
termpathloss estimate to a ~neasured interference level to a target signal
t o i rtherdatemnieed krigtaro avemgestofpathicasusstirbateite prodmcdiawsigined long

dupl ex/ co I vi sion mul gﬁﬂl‘e access user equipnent of claim4 wherein the

d
firstteHd B%Efﬁﬂasfé&%?t% Selruaning A tyanynissien noxyar lsvel ekthertitae 6.

The timm.di Vis] | L Linl ; Coof

ol i WA AT CRETATINR, Bk hdhtsh. Bk Reifametcly SRnRIEN g -

Eﬁg ﬁ h?é?i@hl@&!@at&ﬂd@ dstivfiafe td aheMvkbightedr 1draY ebriai PRALIBSs WtEnaly egdgast
measured interference level to a target signal to interference ratio to a constant

value.

S. The time division duplex/code division multiple access user
equipment of claim 4 wherein the first weighting factor represents a quality of the

~ pathloss estimate.

6. The time division duplex/code division multiple access user
. equipment of claim 4 wherein the determining the pathloss estimate is by
subtracting a received power level from a transmit power level signaled on a

broadcast chaimel.

| 7. A time division duplex/code division multiple access user equipment
comprising:
means for measuring an interference level;
means for determining a pathloss estimate;
means for determining a long term average of pathloss estimates; and
means for multiplying a first weighting factor, a, by the determined

pathloss estimate, producing a weighted pathloss estimate;

14




7. Atime division duplex/code division nmultiple access &Serhea@ldpment
conprising: neans for neasuring an interference |level; neans for

determ ning a pathloss estinate; nmeans for determning a |long term average
of pathloss estimates; and neans for nmultiplying a first weighting factor,
a, by the determ ned pathloss estimate, producing a wei ghted pathl oss
estimate; 14 6 COctober 2006 neans for nmultiplying (1-a) to the determ ned

|l ong term avera?e of ,aibgl oss estimtes, producing a weighted |ong term
pat hl oss d8eRRader MHHPREREd L rytoddeciotcrmiged long karm svermegelerthlesel of

wer ohEEE i, BB oRE AGEhEd Ml A S B O8R! AR Fer ence I evel to
a target $heaas fbdeRATHRIEA anhidsibR PdwGIARTEIBTIhE UG echiphih e

di vi si on dupl ex/ code division nmultiple access user equl pner?ﬁngf clarm?7
wher eidding ¢hé iwaighteel phithloss ésttnate tephe seriglsted lgngltetm mithidess esthtbkoss
estimate. 9. The tipe djvision duplex/code division nultiple access user
equi pAeRe Bieasued, intgHsrence devel der artargehgignal nimicstosensenadia to A by
subtr Ln eceived power |level froma transmt power |evel signaled on
2 bFRtAY P

finel . 15

8. The time division duplex/code division multiple access user
equipment of claim 7 wherein the first weighting factor represents a quality of the

pathloss estimate.

9. The time division duplex/code division multiple access user
~equipment of claim 7 wherein the determining the pathloss estimate is by
subtracting a received power level from a transmit power level signaled on a

bro_adcast channel.
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