; e3e~~d| 6T[ KT OUTER LOOP/ VEI GHTED OPEN LOOP PONER CONTROL IN A TI ME

Dl VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND *159159* This invention
generally relates to spread spectrumtine division duplex (TDD)

‘communi cation systens. Mare particularly, the.present invention relates to
a‘system and nethod for controlling transm ssion power within TDD

communi cation systens. Figure | depicts a wireless spread sgmmulmmmmlmu)
di vi si on dupl ex (TDD) communi cation system The system has f
base stations 301-30y. Each base station 301 conmunicates W th usge

equi prent (UEs) 321-32z in its operating ar npuni cati ons transmtted
From a base N REROKOIEWHIG RERDOPEN 1, GORPOWER GONEROLAN A

communi cat i ons ATMEJIMWISION DIRLEXAONMUNICAIHIONEYSTEMo a base
station 301 are referred to as uplink communications. In addition to

communi cating over different frequency spectruns, spread spec
systens carry nultiple conmuni cgiée W@Nﬂ]e same spectrum Iwmmmmwmm
signals are distinguished by th respecti Ve chip code sequences, %

Al so, to nore eff|C|entIy use the spread spectrum TDD systens as
illustrated in lmsgumt@mg@lqrdbemlatﬁg te Isafﬁeé speClny Wag Jimistomdupleber of
time slots 361-36",, such as sixteen tinme slots. In such systens, a

comuni ca(TD) tomBtiticationS§steak M dre Partidulirly, HelBGicntshvantidal rektedo codes.
Accordingly, one frame 34 I's capable of carrying nultiple communications

di stingui ég@f&&%ﬂﬁ&!ﬂpa fcé}%oﬁ{rff#lmg ; Sgl?&js?lonybgvc?mﬁ'?bl? Sorhmhnicati®

single code 1nh a singlé to as resource un|§ Based
on the bandw dth required to support a comruni cation, one or multiple
resour ce SIS are assigned to that conmmunication. Mst TDD systens
adaptively control transm ssion power |levels. In a TDD system many
communi cat i ondiigaye dhdapécts laewialess spreed spectramdingg divisiomdipéex €IB) 321 or
base station 301 is receiving a specific comrunication, all the other

conmuni Caédrﬂzﬁﬁniéﬁﬁ&gsﬁi‘é‘msm g&% sl lﬁﬂdltfla%&srel%ﬁm 137, e'Hak ence to
the speci f| c comuni cati on. reasi ng the transm ssion power Tevel of one

conmuni ¢ 10N des the.signal uaI mrunicat.| ons
within t faﬁﬂ eFO@HHJ%?}’é Y’\‘H’n ‘?@%@ngég":’{zh gﬂgﬁf"g i on
power |level too far results in undeS| rabl e SI gnal to noi se rati os (SNRs)

and bit erednr Commmi¢ations yransmitied frammdi base station 3atmt BEShorarefpmedi gnal
quality of communication and | ow transm ssion power |evels, transm ssion

power conblagldowalink@dmmunications and communications 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 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 repcatin;g frames 34 divided into a number of time slots 36,-36,, , such
as sixteen time slots. In such systems, a communication is sent in selected time slots
36,-36,, using selected codes. Accordingly, one frame 34 is capable of camrying

multiple communications distinguished by both time slot and code. The combination
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One approach using transm ssion power control in a code division nmultiple
access (CDMA) communi cation systemis described in U S. Patent No.
5,056,109 (G lhousen et al.). Atransmitter sends a communication to a
‘particul ar receiver. Upon reception, the received signal power is neasured.
The received signal power is conpared to a desired received signal power.
Based on the conparison, a control bit is sent to the transmtter either

i ncreasi ng or decreasing transm ssion power by a fixed amount. Since the
recei ver ssfrddngle codé rod siniglndithe kot iheférrainenistalresouroe aant Baked bf the
transmtter's power |evel, such power control techniques are comonly
referred t . I - . t Al ey . or mance
of ol osed 3%idhRghea}dBunnitta cputlicih B¢ ortlildk KBBuIRSE
between a UE and a base station are in a highly dynam c environnent, such
as due to aSHENGIHONHS ¢RMMYpicAtieyst ens may not be able to adapt fast enough
to conpensate for the changes. The update rate of closed | oop power control
in TDD is typi 84ddtTTI0Gysiyek adaptivel sesmeiall rahimilsiba pasier $avfeld. dnartDDor f ast
fadi ng channels. WD 98 45962 A discloses a nethod for controlling a

transm ssi (o] I ' ' ' ) 1 o] i cation
syat om T BeiteElny cBiudlbacbl ok Mk 0 A sele Bo EhT sl SR 5

el enent. For_the closed-loop elenent, the base station calcul ates the

mobi | e t enVRa12: 91 oo slatien 30nds meetiimp A sppuliscosrgemication, idl ieqibers
received fromthe nobile term nal. The base station takes into account the
propagat i @on@ifyationk ushg hetsahle tirge switaﬁms'ﬁacttdtﬁ daaveint&Eérehddto the
determ nation. For the open-loop elenent, the strength of the received
signal fr . .on i, ’ [ t e.strength of
t he si gnal(ggérééfg(gi €c§§&u§f¢t§hgﬂpr el\l}}f:rg’g@%gr gﬂrfcg %h@§%?ﬁ%rpgﬁ? 3 c{nﬁe mobi | e
termnal is adjysted jnversely Wth the variations in the observed signal
st rengt h. comBinicationdeggades thyygignal gu lyafsiothes CRBURWRICRERNSEEIndhath g
transm ssi on power control of a nobile station using |ong-term and

short - t er timer slosand spectrupowBlovwewat, reducihg thyp- trarsmigsior poseniswel texfars in a
base station on the upper level formng a closed control |oop. A decision
aut hori ty resufts BiBRdesirfble QIPRAN LRSI §ratibe (SINRS) LA &frdt 1oy (BERSHat hebi | e
station. The short termtransm ssion power |evel is determ ned on the
ot 1 OORedNleRd AFo gD 65t e’ Bgnhi°gfuh§" P BOMBhuE Mokl P 1! O

transmission power levels, transmission power control is used.

One approach using transmission power control in a code division multiple
access (CDMA) communication system is described in U.S. Patent No. 5,056,109
(Gilhousen et al.). 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
bit is 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.



Accordingly) there is a need for alternate approaches to maintain signal
quality and |l ow transm ssion power |evels. SUWARY cuter |oop/weighted open
| .oop power control controls transni ssion power levels in a spread spectrum
time division dupl ex comunication system At a first conmunication station,
errors are nmeasured in a received conmunication froma second conmuni cation
station, Based on in part the neasured errors, an adjustnent in a target

| evel is determined. The first station transmts a comuni cation and .the

target adj ust i _ i s the
first stati on%dg%%aggﬁﬁgﬁags’ﬁﬁéﬁmg%?%S%F%é%gwﬁwegart t he
received power level, a path |loss is determ ned. The target |evel is

adj ust ed iFfpriestansasié commuaiastionnsent hetwegn g&IE any ¢ basestationmseingahighlyy of t he
path loss is determined with respect to a subsequent conmunication to be

transm t t inamienvi®naeaeRMcsafdietd thdUB mierapdsuehayies mdy it beiabld On
power |evel for the subsequent communication s adjusted based on in part

the deternined path |oss, the determ.pe ual i and the adjyst t ar get
ovel - - odb SRR Spp o sopentass herhhERrssTHe BRTat Pip Y plRba el 051 o
art TDD system Figure 2 illustrates tinme slots in repeating frames of a
TDD syst epower gomteoldn TDIA if typicall 400 cpéleppersecond whih igmot sufficiant faop power
control. Figure 4 is a diagram of conponents of two comruni cation stations

usi ng out @isleaRRg WRAGMEd open | oop power control. Figure 5 is a graph of
t he performance of outer | oop/weighted open | oop, weighted open |oop and

cl osed | oop po 0 | .systens. Figure. 6 i8S, a,dra of the three systens
per formance i nwgr%gﬁ%o%ﬁdﬁﬁf& m_c%‘,gfiiot' ﬁfﬁﬁﬁ’uwﬁﬂ%ﬂsﬁﬁgcﬁﬂvﬁﬂ ON CF
THE PREFERRED EMBODI MENTS The preferred enbodinents will be described with
r ef er encelevs! ohe mabilgitergningl i arsatellifg communicatinmayisien. The pewsheontrele

el enents throughout. Quter | oop/weighted open | oop power control will be
expl ai ned meshowhadbothl ©vlosbddéopoiind-iag Wwpendoapy eldnentc ARgothentlesed-1dopo
sinmplified conmunication stations 110,112 as shown in Figure 4. Fox the

si npl i fi ed_cormuni cati ox ¢
pover - confi Ry Shte olaiPn SRR} RBRIE LI PN 2 BethE Lol QOO P

conmuni catj on station receivin ower cpntrolle nuni cations i.s referred
to as strength o es{]gn srece\fved%rgm\eﬁemogﬂe {ermma . 'f}(l)e base stafion tar]ces into

account the propagation delays of the sat.ellite system in the power setting
determination. For the 6p§n-lqop element, the strength of the received signal from
the base station in each frame is compared to the strength of the signal received in
the previous frame. The transmit power of the mobile terminal is adjusted inversely
with the variations in the observed signal strength.

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
power control of a mobile station using long-termand short-term transmission power
control. Long-termpower control occurs in a base station on the upper level forming
a closed control loop. A decision authority statement is communicated from the base

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



the receiving station 110. Since outer |oop/weighted open | oop power

control may be used for uplink, downlink or both types of communi cations)
the transmtter having its power controlled may be associated with the base
station 301, UE 321 or ~both. Accordingly, if both uplink and downlink
power control axe used) the receiving and transmtting station's conponents
are associated with both the base station 301 and UE 32s. The receiving
station 110 receives various radio frequency signals including

communi cabh diloiveplvopleingan identifier ofthedbag ieom pbhér aied the devision nathofity 8, or
alternately, an antenna array, step 38. The received signals are passed

thorough an isqlator 66 fo a.denoduyl t eband signal .
The baseband s ﬁ%ﬁ%li‘?ggy’p% °e§‘s%g‘%"§ﬁ‘§1%§§r§'§§? &@ﬁgﬂﬁgﬁompi%@%evi ce 70
and a data estimation device 72, in the time slots and with the appropriate
codes assiualityl and lowdransmssiant paway levads.i on' s communi cation. The channel
estimation device 70 commonly uses the training sequence conponent in the
baseband signal to provide channel information, such as channel inpulse
responses. The channel information is used by the data estimati on device
72, the interference neasurenent Sw and the transmt power

cal cul ation device 76. The data e device 72 recovers data fromthe
channel by estimating soft synbols using the channel information. Prior to
transmi ssi on oPutendoepmeighiteahopaniobp powen sontrelheantials trgnsission powe?, t he
data signal of the communication is error encoded using an error

det ect i onfeGefs iR @ls) %d%ge&ﬁﬁh titdddivikith @iplex comeRMicHEion GYREE. i4t 4 fiRkcal Iy a
circul ar redundancy code (CRC) followed by a forward ertror correction

" encodi ng, _al.t hou ot her types of error .encoding_ schenes. be used. Using

the sof ¢ SFBBREIPBatEEa: BoRHB: aeatied i deir B o SR Attag b 5,
detection device 112 detects errors in the soft synbols. A processor 111
anal yzes segend sommywicationgtationoBagadprdatartthemsagitederrors, anadjustarent he

recei ved conmuni cation) step 39. Based on the error rate, the processor 111

det er m neia d fafpet fevehis, detdrndng. Phd firsysthatibe rehsmissia bomsumidativgaindshgnal to
interference ration (SIRTARC~.), needs to be changed at the transmtting

station ]énggéet HafRutnt B RfeleoBid 'sfighe! TheiREchABRUBA méashAl OBk MGt uSt ment
signal is nerate y the target adjustnent generator 114. The target
station's communication's received power level. Based on in part the received power
level, a path loss is determined. The targét level is adjusted in response to recci.ving
. 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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adj ustnment i s subsequently sent to the transmtting station, step 41. The
target adjustnent is signaled to the transmtting station 112, such as’
using a dedicated or a reference channel. One technique to determ ne the
‘anount of adjustment in the target |evel uses an upper and | ower threshold.
|f the determined error rate exceeds an upper threshold, the target |evel
is set at an unacceptably |low | evel and needs to be increased. A target

| evel adjustnent signal is sent indicating an increase in the target |evel.

If the determ ned err - L ld, the target |evel
is set at an unnecesé@m?ﬁpgﬁlﬁ?\ﬁﬁ%mmmgﬁﬁﬁgﬁgl can be
decreased. By reducing the target level, the transmtting station's power

| evel is decredlgure bdlistnatesiaprimorfast BoBesytstennt her conmuni cati ons using t he
sanme time slot and spectrum To inprove performance, as soon as the error

rate exceeds t 'Iﬁgﬁ'fﬁ)ﬂlldsirmekéin?e 4 sﬁ@}ﬁ%ﬂpg\t{e@% Jrs BB Sg’Séﬁl.a result,

high error rates are I nproved quic r error ratés are adjusted

slow y, such ai?,once per 10 seconds. If@é}ﬁe&{ir(ﬁr ralte i s between, the
threshol ds, a FA8YeR3 B Hlevabatt of QUL IOQRMCIFHEHORGTHIONE Rower €9RECL ar get

| evel . Applying the above technique to a system using CRC and FEC encodi ng
fol l ows. Each @ightd diska diagrineok ecimporieras of two comhaniicationestatidosaning s
determ ned -6 to have an error, a counter is increnmented. As soon as the

counter exgeeq ‘ﬁ?’gﬁ%ﬁﬁ%ﬂ@?@@@“wﬁ%ﬁs .5 to 2 tinmes the desired

bl ock error ra adjustnment is sent increasing the target

| evel . To adju t he, SI RThRCEr_ at the transniitti n s}at,i n.112, the

i ncrease in t h&1gimerhRaseraph;of the perfonnanggeet outer loep weighisd openylopp, a range
of 0.25 dBto 4 dB. If the nunber of CRC franmes encountered exceeds a

pr edet er mwedghted open lapcindadostdQ6ofp bowks cortivd systems. of the counter is

conpared to a |l ower threshold, such as 0.2 to 0.6 tinmes the desired BLER

I f the nunber i rﬁﬁ‘rﬁa rﬁ\éﬂfns a
target adj ust rrg?l Lﬁ?;&g%lggr%ﬂs}p@g}r}?&ggécfyesgy ng t he ?g?iget e%'??)%gﬁl{’gofc. A

typical r e RDEC is 0.25 to 4 dB. The val ue of SIRDEC nmay be based
! W ateR),

on Sl Ru rget bl ock error rate, BLERTARG&T' The BLERT,,RCE.,. is
based on the type of service. A typical range for the BLERT-GE.,. is 0.1 %
to 10% Equation | illustrates one such approach for determ ning Sl RDEC

SIRDEC = SIRi,,c x BLERTaRCE., J(1 - BLERTnRCEr) Equation 1 If the count is
bet ween t heDHTAHRDBESORIPEON ¢ THEPREFERRED EMBODIMENTS!

adj ustment signal is not sent. Alternately, a single threshold nay be used.
If the error rgpg p?@f&?&gémbgﬁmcnts will be described with reference to the drawing.

figures where like numerals represent like elements throughout.  Outer
loop/weighted open loop power gontrol 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 referred to as
the receiving station 110. Since outer loop/weighted open loop power control may
be used for uplink, downlink or both types of communications, the transmitter

having its power controlled may be associated with the base station 30,, UE 32, or
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threshold, the target level is increased. If the error rate is below the
threshold, the target is decreased. Additionally, the target |evel

adj ustment signal may have several adjustnent |evels, such as fromO dB to
t4 dB.in 0.25 dB increnents based on the difference between the determ ned
error rate and the desired error rate. _ 7 The interference neasurenent
device 74 of the receiving station 110 determ nes the interference level in
dB, |I,~S, within the channel, based on either the channel informtion, or

t he soft ol t ' [ evi 7 bgt.h. Using
t he soft géﬁn%olﬁccgﬁdgﬁ%ﬁagﬁgpﬁ} %’P glrﬂ?ra [ oﬁé&’b{w@& tpﬁgvnegr#(*n(ixgoclmaé? l%%?’cgfeati on
device 76 controls the receiving station's transm ssion power |evel by
control | | FRgeiviRg gad frapsmiting s{8HPR's sppONeRts arg aesoriated wiehqth ghe hasepat hl oss
between the receiving and transmtting stations |I 10,112 and sendi ng data,
the recei ¥afien 30pAAPUELIH, sends a communication _ to the transmtting
station 112, step 41. The communi cati on nay be sent on any one of the

vari ous chann . _Typical | i a IDD system .t hannel s_used f.or

eati mati ng- pa: MieubtRiEEvaten b Red VB D ETalol e ABARLRIERTRIBIRE o1 ner
channels nmay be used. If the receiving station 110 is a base station 30-~,
t he conmuedaminigations gireme theb kpnsaiiting \asation dd@nusing spnarsenichd8nalr or a
comon control physical channel (CCPCl~. Data to be comrunicated to the

transm t t jlpgnaeR), bR AntehRa ey, stdif38.eTRéE RiteRredRAsHAN aﬁa%aﬁ@ﬁﬁlﬁéx‘%@gh @nas
reference channel data. The Teference data may 1 ncludé, as shown, the

interference level, | RS ltipl exed wth other refergnce data, .such as the
transnis s’isBﬁ‘t?fo‘%gtP 4 c&%ﬂ“ﬁ@égﬁ@(’aﬁf%’f‘ P’ﬁ‘%’ﬁ’é‘i S‘Iggé}](ee I ﬂqcﬁfgmlg%qﬁ erence
channel power level) IRS, may be sent in other channels, such as a

si gnal i ngisphagessdd, sddheasrbgfanhanoe estimatier devita 70 endedataxtstithatipnadevister ence
channel data generator 56. The reference data is assigned one or nultiple

resour ce PRNihshB e sI08 ARE Wi WppAdpridle Sodanahdighicl tbetﬁait{aﬁmmiﬁ§ A
spreading and training sequence insertion device 58 spreads the reference.

hannel data and h d .Tef ta tinesmltiplexed
SR e T S LR R e

assigned resource units. The resulting sequence is referred to as a
comuni cafdiBingseguenceTpmpopentimthedasehangsigoel topravigs ehumel infoansian i ed by
an anplifier 60. The anplified comunication burst may be sunmed by a sum
devi cg 62sushtdd chayneltiipulseaerpoliseat The chuimd infoemhton ihusuddgby devdags, such
as a 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.

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

detection device 112 detects errors in the soft symbols. A processor 111 analyzes the
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generator 50, spreading and training sequence insertion device 52 and
anplifier 54. The summed commruni cation bursts are nodul ated by a nodul at or
64. The nodul ated signal is passed thorough an isolator 66 and radiated by
an antenna 78 as shown or, alternately, through an antenna array. The

radi ated signal is passed through a wireless radi o channel 80 to an antenna
82 of the transmtting station 112. The type of nodul ati on used for the
transmtted communication can be any of those known to those skilled in the

art, such,as direct e shift keyin S uadratur se,shift
eyl ng. ( GRS TGt et G Frines 4n S1Fonrpl e lhergee e Wb Bhith R 3PS 3¢
transmtting station 112 receives various radio frequency signals including
t he tar geBased] ars theeertar rafeh) ¢he proeessed 131 gletdrminesethp assownt, tif anygh targeti sol at or
84 to a denodul ator 86 to produce a baseband signal . The baseband signal is

processedy,, su | [ ce 8 i mation
devi ce 98lev h%gﬁ#’%:ﬁmﬁ@?gmlgﬁﬁkﬁ%ﬁg%ap r optRe e &58 g%ggég?@gd to the
comuni cation burst of the receiving station 110. The channel estimation
devi ce 8aatdherirpnsmitting stating lﬂZastan«g $iasad oadhe detsomined ampuniea tagetband
signal to provide channel information, such as channel inpul se responses.

_9_ Theljestaraebignal RIg¥Rbiag b dté&ﬁfkebﬁdh%éiﬂ?@n&%ﬁdrflﬂw orhélgygse 90 and

a power neasurenent device 92 he power |evel the processed

comuni cat £ espondi n he [ eference channel i syred by
the power® 4’@53@3 é Sqavs é%ah% 'P%"%gﬁ o8t e@t'i @tﬁ"@‘ﬁgﬁevi ce
94, step 42. Both the channel estl mati on device 88 and the data estimation
devi ce 9mdjustmenpisisignabdd wetha tansmigting station dddnsuchaisarsing a dedivatedlorot her
channels. If an automatic gain control device or anplifier is used for

processi ngrefdienécsginged si gnal s, the neasured power |level is adjusted to
correct for _ _ the gain of these devices at either the power measurenent

device 92 or | esti i v' t device is
a conponent o?ﬁl rg%egﬁtﬁgpgi %%%’U@aﬁﬁfe%&@ggéf%g@l@%ﬁﬁ gﬁ%@%ﬁ%&%{% shown in
Figure 4, the outer Ioop/wel ghte en | oop controller 100 conprises the
pover e fSuBRPAsmand) dowele dgg determiged SHOH ddlecexcoads gnarpney

measur enent devi ce 94, target update device 101, and transmt power

cal cul at ithreshieldj ¢tiee &R ge(Tievdkisesati ateant hnaq@aptabl)olmy leveltdiel heedsst bei ng
station 112 also requires the conmunication's transmtted power |evel, TRS.

The comMipéeadedOR @réd’ti’éﬁl‘hdjhﬁﬂldﬂ@y@ﬁaﬂlgéﬁﬁt indi¢aBngTiIndi8aeeN thedafPrg W th

the cornnunication's data or in a signaling
level. If the determined error rate is below. a second threshold, the target level is set

at an unnecessarily 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 spectum. To improve
performance, as soon as the error rate exceeds the upper iimit, a target adjustment is
sent. As a 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. Each CRC block is checked for an error. Each time a frame is determined
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channel . If the power level) TRS, is sent along with the comunication's
data, the - data estimation device 90 interprets the power |evel and sends
the interpreted power |level to the pathloss estimation device 94. If the
receiving station 110 is a base station 301, preferably the transmtted
power level, TRS, is sent via the broadcast channel (BCH) fromthe base
station 301. By subtracting the received -10 communi cation's power |evel)
R ,.s) frorn the sent conmunication's transmtted power level, TRS, the

pat hl oss i i vice, 94 .esti S g I L. bet ween the two

stations ﬁhmﬁlgﬂ 8‘2?‘83 °2§P‘°A&fd§%ﬁ° r‘l‘g%efeiy Asgs%pg% Iﬂ}ee Oﬁ‘%é%rteixﬁ%‘?dté 4BHPPHe

pathl oss) Lo) is updated, step 44. One exanple of a long term pathloss

estimat e ithresholdnguele asnlad ép 2gimeyiae Iﬁigﬂgpdtn&oﬁkma@ée %LERQ paargeloss, Lo,

is an average of the pathloss estimates. In certain situations, instead of

transni tt izagustient fsagenti ihbﬁdsiﬁ%%é thigée ldvel.RTo td@l?usftetﬁélsmlf}ﬂm atiten 1.10
n

may transmt a reference for the transmtted power |evel. at case, the
pat hl oss estli don.devi 94 provi des refepence | evel r \t he.pat hl oss,
P S oo ToRSERLRE Rt B e BMALTR BF STReremd s ISnet SRATH " he
sanme frequency spectrum the conditions these conmmuni cations experience are
similar. typisalhiareorange of O25d3 ty 4 dB. t16 thesnunabgr of CR € yfranmseencoumtersidpr oci t y,
the path | oss experienced for the dowlink will also be experienced for the

upl i nk an@xvéed o predaterBin RUFNNY shdteas IDO0BIRKs Paehvdlas of e BodmegRt | evel,
a transm ssion power |level for a comunication fromthe transmtting

station 1 t r ivin t.at | i i ned. | i del ay

exi sts bet% @éﬁrﬁd&@ aeg)t%(f egh?sjlgt Wcﬁggid(gﬁ%at Ktn'?‘# Q]f%%%ﬁﬂggamyigati on,
the path | oss experienced by the transm tted comunication may differ from
t he cal culymbgr phsaunted bipwk opsersds belamiedawenHyeshodd,sotprgat adinstpeiti ng ti ne
slots 361-36") the tine slot delay between received and transmtted

communi cakignabisseyt diegeasiig theearperlewsInSIRG.0A @picapeingt o6 SIRGWEs 0.26nt r ol
system To overcone these drawbacks, weighted open | oop power control -11

det er i e . Al bijie OF STRE, Tty tPRek BR'SIRL,09A0 42kil Blodk'ehbd e,

measur enent

-

BLERrger- The BLER 1 paer is based on the type of service. A typical range for
the BLERspger 18 0.1% to 10%. Equation 1 illustrates one such approach for
determining SIR g

SIRpge = SIR ¢ X BLER 14paer/(1 - BLER 14rcET) Equation 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 target level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjustment 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.



96, step 45, and weights the estimated path | oss accordingly, L, and | ong
term average of the pathloss, Lo. To enhance performance further in outer

| oop/ wei ght ed open | oop, a target level is adjusted. A processor 1U3
‘converts the soft synbols produced by the data estimation device 90 to bits
and extracts the target adjustnent information, such as a SI RTARCE.r
adjustnment. A target update device 101 adjusts the target |evel using the
target adjustnments) step 46. The target |level may be a SIRTARCE.i. or a

target receive 0 | cel.yl S 1 0. The.,. awn’t
power cal cul at :Etc%{r% g@\%ﬁé@‘& r@%ﬁ‘gfbﬁ’ééslﬁt ‘%%M%é;jg]és%)gghggf éélelt9 mlge?/@f‘lb\[}\n t he

wei ghted path | oss estimate, L, and |ong term average of the pathl oss

esti mat e, detgrminesdbedntarfaeence devel undBi khsivothip dhgeehanaeh based arheither fitssmi t ti ng
station, step 47. Data to be transmitted in a comruni cation fromthe

transmi tt ighansdl i fopmalide, drshddoTekyaeblDyendpited Bpteidatadstifdtion BBgicdala is
error detection/correction encoded by error detection/correction encoder *

110. The err,or, encoded.data is rea nd tjme-nmultiplexed with a training
;s_equenf:et 1 lfcﬁ}é tdﬁlinlgi ?ﬁtsﬁghﬁ%‘ﬁﬁ Si"g@ealﬁngﬁi ﬁﬁ%’%ﬁe@gﬁzﬁra}nﬁ'@m&%‘i"%ri ate
ime slots and codes o e assigned resource units producing a
comuni catcalpuldtionsdevicen'ds spnteold tg¢ tpealving statiph's maean%yioarpcamgn levéldry 1U6 and
nodul at ed by nodul ator .108 to radio frequency. The gain of the anplifier
i s controlcbgfoliing!the ghinds¥SiH 5m{,]qq@—rs‘p_al cul ation device 98 to achieve the
determined transm ssion power Tevel. The power controlled commnication
The fol 1 ow ng Fr SHE BAFLPalEd I uen PR LA OEN b St DUt SR PBR MRgor | ¢ hm
The transmtti nglstati ogs' édtr%nsrrtiléSi on power Ilelv_\‘glS idg deci bel s, PTS, is
det er m ned@taliohs (Eddétain serdinPiga; thergceIvAREEFtGN endg gcompumcatpn:
CONSTANT VALUE Equation 2 The SI RTARCET has an adjusted val ue based on the

recei ved t@fi@etandfitisk¥BMonI12NakS 41 FPhe Eh@nii@ivatibn klayteeehit indlonkal ue of
SIRT"~G~. is known at the transmtting station 112. For uplink power

control, { 1S.,Si | ed. f.r the_r I Vi shat | 0 e
transm ttgkﬁgtv 195 %lfﬁ.g&%(dd' WIS%E(’I@, aﬁ%@xﬁﬁu%aﬁ% %ﬁ%n%n?%?gl ffg for an
adjusted SIRT~cE.i. may al so be signaled. The adjusted SIRTARC~r is limted
to the nafPHOMRS RatHeR feTelaedio a3 referency P@Ilﬁéiésﬁlrt@“cﬁl Qther ¢hamaeker ence

power |level at the receiving station 110. L is the path loss estimate in
deci bel s, nEgPe-uskd! If tHeaecéihmgnasion Edeista basestasbn30;, the communication

is preferably sent over a downlink common channel or a common control physical
channel (CCPCH). Data to be communicated to the transmitting station 112 over the
reference channel is referred to as reference channel data. The reference data may
include, as shown, the interference level, Iy, multiplexed with other reference data,
such as the transmission power level, Trs. The interference level, I, and reference
channel power level, Iz, may be sent in other channels, such as a signaling channel.
The reference channel data is generated by areference channel data generatori
56. The reference data is assigned one or multiple resource units based on the
communication's bandwidth requirements. A spreading and training sequence

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

-8-



361-36n that the path | oss was estimated. Lo, the long term average of the
path loss in decibels, is the running average of the pathloss estimate, L.
The CONSTANT VALUE is a correction term The CONSTANT VALUE corrects for
differences in the uplink and downlink channels, such as to conpensate for
di'fferences in uplink and downlink gain. Additionally) the CONSTANT VALUE
may provide correction if the transmt power reference |evel of the
receiving station is transmtted, instead of the actual transmt power)

TRS, | U hdfofcngsilith ihesiaidphxelM Suriny@6qunb e abhRpAENTFANIONALUE | S
e

preferably sent via a Layer 3 nessage. wei ghting value) a, is a neasure

of the quality. of .the estipgated path | qss_ang.is referab ased on the
nunber of abd o5 asine R SRl AR rpRng seleRbSitgtiediBNF R et
path loss estimate and the first tinme slot of the communication transmtted
. by the treommunidatigndiuasti grhela@mmunisation bursbis subisequentlyeampliiedbyad one.
Cenerally, if the tinme difference between the tinme slots is snmall, the

recent pahfplifieS6E Srﬁérah@iﬂéd tofuhaliby baGe Hag bR saffndd bya 86 RVice val ue
.close to one. By contrast, if the tine difference is |large, the path | oss

estimte .not be _accurate .and the | ong, t.erm average path | oss

measur emehe Wi ABE PG ianunigeion, Puist Ao iR AEvigay puFBes 2 data
Accordingly, a is set at a value closer to one. Equations 3 and 4 are
equat i onsgéneratde$@spraeading snd teaining seqeddce itsetiqnBievace-52 and Enphifierdd.3 a =
max { 1-(D-1)/(D, ~_~oW -1), 0) Equation 4 The value, D, is the nunmber of
time slots 361Tﬁ@§uxﬁ%%&’%8ﬁuﬁtﬂﬁcéddﬁeolﬁ%jt@%r%oﬁﬁl%téc?ﬁ}a%dﬁl&t@?lﬁf.e‘i‘hb mat e and

the first tine slot of the transmtted comruni cati cn whi ch w be referred
to as the ti s] ot del ay. t he del.ay is_one,ti ot, ais e. D',~is
e et e Snal furisied thotq abeniStfaipt 66 Aad radiRied b e sBideda B8 con’ 11 mo
slots is seven. If the delay is D',~, ais zero D~—~"pW is the maxi num

al | owed tsheoavis bntaltehatglyf dhrough rem agenna away. pdiker radiated signal is passediel ay
exceeds D~"~X a"pW-, open |oop power control is effectively turned off by

setting athroubh 4-4wirB@ss AGid d1RRAE1 80 BANRAtNAY 8D of HeIrariedifing sifbnbM 22
transmt power calculation device 9% the transmt power of the transmitted

conmuni cat4 on is.set,. . FEiqures.5 . and 6 ¢ are th r f or manc f. the
o ohted St Bpe B REr s R ot B o PR AR ifcaliSh cBh TR BT offhobdl
sinulations in Figures 5 and 6 were -14 . .

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 112
receives various radio frequency signals including the target adjustments. The
received 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
estimation device 88 commonly uses the training sequence component in the

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



performed for a slightly different version of the outer | oop/weighted open
|l oop algorithm In this version, the target SIR is updated every block. A
SIRTnecEr is increased if a block error was detected and decreased if. no
bl ock .error was detected. The outer | oop/weighted open | oop system used
Equation 2. Equation 3 was used to calculate a. The sinul ati ons conpared
the performance of the systens controlling a UE's 321 transm ssion power

| evel . For the sinmulations, 16 CRC bits were padded every block. In the

si mul ati oRs | RedembRRnist O & I at

| east tmmhg\;%ﬁltlae@?%r S ogcltﬁrl{sggg% %@b@ct)%%&%%&agl\é? ?\cl?d%gr?ﬁr%% %@?‘gn
channel is assigned _one tine slot per frane. The target for the block error
rate is 1@K3suremeniieviea®er is updated every 4 frames. The sinul ations
address the performance of these systens for a UE 321 traveling at 30

ki | omet ers per TheWoweFhievel 6Bltké podrass Sémiﬂlmﬁbau&ﬁdcémlgaﬁﬂﬁ@nt@ theversity
for reception with each antenna having a three finger RAKE receiver. The -

simulatio ' a realistiG C n I ' ' d on a
i daml o CABREERE G, bl PG BR ey ARARERRE IR 2RI REE 1
Gaussi an noi se (A . The sinmulation used an International .

Tel ecomut® & pethinss eptimatign deyiceBdatep #anBpth thechanaglastimation dpwike 88

nodul ation. Interference |levels were assunmed to have no uncertainty.

Channel cofd i dut4 eshAatIEH Bevicé 90QRS calibBslof bépar@ingstle Bferéhcdlthafhaiph 120
of Figure 5 shows the performance as expected in terns of the required

Es/No for.a of ,10-', as.a functi.on of ti del ay between the i nk
time slot frgﬁﬁal'lf?l?ge%&unplgciﬁ?n a'li)tﬂmaflﬁ 3 ':ﬁ’é‘trrér)‘lle 8?chq-ﬁgaxggﬁ§9r ﬁséls%q(%gessed by
the nunber of tinme slots. ESis the energy of the conplex synbol. Figure 5
-1S  denbresessingthereneivedwignalgdhe mensu,rpg pewigE levehisadjusted focvrigeefargnor ed,
the performance of the conbined systemis alnost identical to that of

vei ght ed ‘tieeguin 00 hes¥ Je@iBes Ho @ithantbiejRives it Btembaichiver 9% of pathtdsesed | oop
system for all delays. In the presence of gain and interference

uncert ai ngd . ' . t.h IS
ei t her to%ét]%éllﬁouh@% v!d(’%?lﬁ g@vﬂ %ﬁgi"ﬁ‘g&%sn‘# %é tv%fvlljég. ﬁI 2?1)&8@5%%%@5;}{%?& igure 6,
a gain unceriai,nty of --2 dB was used. Figure 6 sh .the BLEB as a
function Woptwrighfed sqpenTieon sppiraller; 0@, e%éeSIEWF@TAR&!g,“."ef thea@RteEy st em
was set to its corresponding nom nal value obtained fromFigure S, in order
t o achi evibop/viiigiitedopdf16op Eorgioller 08 conprisesithe powdrhmeasnenemt devite gai n
uncertainty, both the conbi ned and cl osed | oop systens achi eve the desired

BLER  Thegp&ihinbdPlifndtion device 94, quality measurement device 94, target update

device 101, and transmit power calculation device 98.

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

channel (BCH) from the base station 30,. By subtracting the received

-10-



t he wei ghted open | oop system severely degrades. -1G CLAIMS 1. A nethod
for controlling transm ssion power |levels in a spread spectrumtine

"di vi si on dupl ex conmuni cati oh system having franmes with tinme slots far
comuni:cation, receiving at a first conmuni cation station conmuni cations
froma second communi cation station and determning an error rate of the
recei ved communi cations (38, 39), producing target adjustnents as needed
based on in part the error rate (40), transmtting a first comunication

having a poaRRicasoa%s P_BW&?IeVEER%l,fﬂoﬂlmeﬁéﬂt%bnﬁﬁﬁﬁc&i&i‘s @@ﬁﬁi@@d{:ﬁ&&et
adj ustnent.s fromthe first communication station, receiving at e second

conmuni cati o tajion the target adj.us nts and the tirst comunication
and neas uiqvﬁ asd Q\B?thi(é‘;@éFu‘Bgu?rhge‘%‘?‘? ég‘éﬁt&ﬂ?ﬁ?ﬁ 4“6&\035 r QEWEGR the( 42,
4b), determning a path |loss estimte based on in part the neasured

recei ved fwe stationb10)i1d2; step 430vedditienslly, (@idhy téreestiite df chvpabiloasi zed by:
‘setting a transm ssion power |level for a second communication in a second

time slotyfr he 0, | i i S n jn part the
path 1 ossludt e SRR GhEb athih Beh Mg telyhpahls SRR 1 100 st
estimate wei ghted by a second factor, and a target |evel adjusted by the
target adjvesagenibe long) termiaverdgs aftihe ppidessahel i asaveraggcafche pathdoss
function of a time separation of the first and second tinme slots. 2) The

net hod of egin@itéh, Infcerthinaituations fistadZF dradyniiti@ gtthé Rhsrhitié polster Feviell get
signal to interference ratio. -17 3. The method of claim2 further

charact erd.zed by t.nhe ad] lst t t ianal interference ratio
are 1t See ths oridfe HaliGh TT0 uh] B0l n3REnch 87 oo HBatBR TS
further characterized by each.target adjustnent is in a range of 0.25

deci bel s lewelsIntbat ¢aseshe pathinss estimatinn dsvice 94 proyidegrefprence leyelsdorthezed Dby:
a target adjustnent increasing the target signal to interference ratio is

SI R~, c; apmbggq_,,adj ust nent decreasing the target signal to interference
ratio is SIRp~; a target block error rate is BLERT, ~oE. ~.; and SIRpE~ 1S

determ ned bY gince 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
" 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
communication, the path loss experienced by the transmitted 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

communications may degrade the performance of an open loop power control

system. To overcome these- drawbacks, weighted open loop power control

-11-



STRpEC --- SIR~, C X BLERTNRCE~( 1- BLBRTnkaET) ~ 6. The nethod of claim5
further characterized by the BLERT,~c~. is in the range of 1 %to 10% '7.
The nethod of claim1 further characterized by: if the error rate exceeds
an upper or is below a |ower threshold, a target adjustnent is transmtted;
and if the error rate is between the upper and | ower threshold, no target
adjustnent i S tranSl 171tted. 1g_ 8. 'The nethod of claim?7 further
characterized by the target adj ustnments increasing the target |evel are

transmtt as. s rro fbeSsd The
et hod. of SOPRRRESING GREHG 0! Dy aro bafiosFiclie RRni e dreipitobyic?, C;
the pathl oss estinate (45) based on in part a nunber of tine slots, D)
between the first and second tine slot; and wherein the first factor is a
.arid the second factor is 1-a. 10. The nethod of claim9 further
characterized by a maxinumtinme slot delay is D',~ and the determ ned
quality, a, is determned by a =1 - (D1)/(D,a,t .1 ). 11. The nethod of
claim9 further characterized by a maximum allowed tinme.slot delay is
D',~~"a,~, ~ and the determined quality, a) is determned by a = ~ i

1- CI>1)/(E» ~nW-a- 1)~ ~~ 12. The nmethod of claim 1 further characterized by
the set transm ssion power |evel conpensates for differences in uplink and
downl i nk gains. 13. The nmethod of claim 1 further characterized by the
first station is a base station and. the second station is a user

equi pment. _1g_ 14. The method of claim1l further characterized by the
first station is a user equi pnent and the second station is a base station.
15. A spread spectrumtime division duplex conmmunication system having a
first {110) and second (112) comunication station, the system using franes
with tinme slots fox communication, the first station ( f 10) ‘receiving
communi cations fromthe second comruni cation station ( 112) and determ ning
an error rate of the received

-11la-



communi cati ons, producing target adjustnents as needed based on in part the
error rate, and transmtting a first comrunication having a transm ssion
power level in a first time slot and the target adjustnents, the second
station ( 112) receiving the target adjustnments and the first communi cation
and neasuring a power |evel of the first conmunication as received, and
determning a path |l oss estimte based on in part the neasured received
first conmunication power |evel the systemcharacterized by: the second
station ( OFBr L S Qg : f t] spi $34 r

evel Tor 28 SIEOEE Al WRIAHIEMS cluilia palh S65 Bmall TG TN BT
station to the first station based on in part conbining the path |oss
estimate WEP@%@@&“BWP%hk$&§%-factor, a long term pat hl oss estinate wei ghted
by a second factor and a target |evel adjusted by the target adjustnents)

wher ei n the fi Metenhafcepsroiihandé fertiterdh dueerfloowveithtef opert owp, 5ergeat i on of
the first and second tine slots. -20 16. The systemo cldglpm 15gfurther‘

17 The syCRLinHubE RBheuf F0p banBriBp@Ron uRRt kol FERRES, o7t o

target signal to interference ratio are limted to a maxi mum and m ni num
val ue. 18estimatier/devias 0 tabiis andiextragts the targpbrdivttentiafionmations suahaasget
adjustnment is in a range of 0.25 decibels to 4 decibels. 19. The system of

claim 15 fa8IR Anistatey iZQfdRMpdatk déViee 201 adjus@ e @XeeRYS] @ing!dger or is
bel ow a Iomr?ﬁﬁsml d, a tggggetpadj ust nent is] transmtted; andglif t he

error rate 1s t ween the p nd l,ower thre | d, no target adjustnent
5 Cr anemescrseRtEp SBEThe s P A R rncre A ST BN e
target adjustnents increasing the target |level are transmtted as soon as

an error gpower levgbatidbe resivippetationdd8hol d. -21  21. The system of clajm 15
further characterized by: the second station (112) further conprises neans

for determ ni ngha trdHshit pYwed calbihlatibf dBALE D8 TBMDEIds TR fljhase thrpst 1bvelpart a
nunber of time slots, D, between the first and second tine slot; and
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 transmitting station 112
is produced by data generator 102. The data is 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 assigned resource units producing
a communication burst. The spread signal is amplified by an amplifier 106 and
modulated by modulator 108 to radio frequency. The gain of the amplifier is
controlled by the transmit power calculation device 98 to achieve the determined

transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.

-12-



the first factor is a and the second factor is 1-a. 22. The systemof claim
21 further characterized by a maxinumtine slot delay is D',a,~ and the
determned quality, a) is determined by a =1 - (D1)/(D',a, ~1). 23. The
system of clai m21 further characterized by a maxi mum aIIowed tinme slot
delay is D', e, "oWw and the deternmined quality, a) is deternmined by a = (
1-(D-1)~(D', . xauoW-a-1)~ 0). 24. The systemof claim15 further

characteri zed by the set transm ssion . power |evel conpensat es for

di fferences i Jln and d The s of claimi15

further char acedpudBing) ofsy ¥Rl g el SFentbsp pd e SURTRHER"  30) " and

the second station { 112) is a user equipnment (32). 26. The systemof claim

15 f ur t héfhedransmétiagistasivns'y transmissiontposwerteved inf decibglsi Brgaisudetermined prent

(32) and the second station (112) is a base station (30). -22- ..

.As. Al. Afu’glr%E@u,fﬁ&ﬁs A?. AfR A . AuR As,y. Ay?. AfR A9ny, . Al ?2. Ay?. A@ . Ay?. Al
Af?. A@A . A@ ghq[ dL) ge”b g

vl 901 X o2 gl cahgal ol ol o2kl o) palabRRhARE A KRR haRhg © ool o2
aV(|}xsni d_Z]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]lca]ca]lca]lcalca]c
a] ca] ca] ca] callha]SdB} gad:dwk an pdpistesl] wadtiekmsed on the received target adjustment
KS: 11#19[ i } xsni d Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca
! C?]l C?f] C%l #*?% $°/a°/8/8/6 XSNi %ﬁfil ]Q%Iaggﬂa?cﬂa]g%aa 1334“85"“\%{“&“]‘ t]n§a] cajcalc

2] Cgl( g«gl( sobsalal calealedl salerboalebiel cal salanhial Bale Aot i,

N/ /'l }xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]Staapuel]lﬁaq ﬁ@]ttaal]snm;tmg]sm])oal]léa%@id]mﬂw 4 MKN0OD:and MIiGRR@EB G3337444
4] 555=6662777. 888( 9| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ¢ahedbs ah ad u@&hc al cabhedl 08 6akgahral] TR aahusRAOSIR ;K

[ B<<; ===>P>>> B} xsni d Z] ]]ca] ca] ca] ca] ca] caC’Frca] cajcalca

AL A U TSNP a1

caj ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca! KLj LLRowroveg heoxoeiving setiop bl RRS\ SSS2T: TT} xsni d_Z]]] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]c
a] ca] ca] ca! TTILTSthe\gatbridss kitivaady IWRINNBOTYY YRZ] Z87the Yhost rédevigtigelsikitca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca

\\\\

cal ca ! o
g%bb!:hc!:ga 3@]ﬁﬁtmé}>§i}?lhf%g%\ca%]rggﬁe f&at]jcaof% i %a@@]aﬁ‘g ca ca]lca]sca] ca] ca]
I dd 41 | hhh5i bi di
0] 1) KickCHAREE I i FRCAY P PE LR SRR el e G ORFTAER] ca] cal cn
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | <mTmmR2n~nnoooop' popppp
pp5q~qqq YAl UE s a corsantioferial. AT CONSTANTCGALEE cartecst far differpuedsin] ca] ca] ca
] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! sssFt Xt ttuu?uuu

v SvvvvAWMhsMEIakoand RemhnkZchahdls Wit &S ¥ ¢eppémheaos alffatacdsGa l ﬁiu@a] ca] caj c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! {

K ~~=~/ 7
9 e LRl b arof okl inabinlie) ol o
(}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] c&] cajca]calca ca] cal ca] ca] calc %ca] cal ca]
ca] ca] cal t:rar_[lsmr} pafveniefedened leaplef thaererving sig )1-15 !l!@llﬂm(ﬁ)? ingEeador’ ()-1F
z109%&' () - MLOY%&' () - y#10%& () - [deE 109%&' ()- 10%& ()-° 10%&' ()- 109%&' ()-

" 10%& () of theQ¥fal dran sl FOwEE ..( If thE recb@s%&g gtationr 110%&abhase 3tadOV&hé ) -
Ls' 109& ()- 39409 () - xmbC 109%& () -

CONSTANT VALUE is preferably sent via a Layer 3 message.

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

and is, preferably, based on the number of time slots 36,-36, between the time slot,
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transmitted by the transmitting station 112. The value of & is between zero and 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 accurate and the long term
average path loss measurement is most likely a better estimate for the path loss.
Accordingly, « is set at a value closer to one.

Equations 3 and 4 are equations for determining «.

¢=1-DO-D/DO,.-D Equation 3
¢ =max {1-(D-1)/ (D, -stiowed =1)» 0} Equation 4

The value, D, is the number of time slots 36,~-36, between the time slot of the last
. path loss estimate and the first time slot of the transmitted communication which will
be referred to as the time slot delay. If the delay is one time slot, « is one. Dy, is
the maximum possible delay. A typical value for a frame having fifteen time slots
is seven. If the delay is D, @ is Zer0 Dy aiowes 1S the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D, siowes» Open loop
power control is effectivc;,ly turned off by setting & = 0. Using the transmit power
level, P, determined by a transmit power calculation device 98 the transmit power
of the transmitted communication is set.
Figures 5 and 6 compare the performance of the weighted outer loop/open

loop, open loop and closed loop systems. The simulations in Figures 5 and 6 were
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| R -
&<&&xmbC 'ljh%{%tér)loop/we%ghted open loop system used Equation 2. Equation 3 was used

8

to calculate .. The simulations compared the performance of the systems controlling
aUE's 32, transmission power level. For the simulations, 16 CRC bits were padded
every block. In the simulation, each block was 4 frames. A block error was declared
when at least two raw bit errors occur over a block. The uplink communication
channel is assignet_:l one time slot per frame. The target for the block error rate is
10%. The SIRyppegr is updated every 4 frames. The simulations address the
performance of these systems for a UE 32, traveling at 30 Kilometers per hour. The
simulated base station used two antenna diversity for reception with each antenna
having a three finger RAKE receiver. The simulation approximated a realistic
channel and SIR estimation based on a midamble sequence of burst type 1 field in
the presence of additive white Gaussian noise (AWGN). The simulation used an
International Telecommunication Union (ITU) Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertainty. Channel
coding schemes were not considered. L, was set at 0 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. Eg is the energy of the complex symbol. Figure §
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level of the open loop system is either too high or too low of the nominal value. In
graph 122 of Figure 6, a gain uncertainty of -2 dB was used. Figure 6 shows the
BLER as a function of the delay. The initial reference SIRppger for each system was
set to its corresponding nominal value obtained from Figure 5, in order to achieve
a BLER of 10", Figure 6 shows that, in the presence of gain uncertainty, both the

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

the weighted open loop system severely degrades.

% * *
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spectrum time division duplex communication system having frames with time slots

for communication, receivingat afirstcommunication station communications from

a second communication station and determining an error rate of the received

communications (38, 39), producing target adjustments as needed based on in part

the error rate (40), transmitting a first communication having a transmission power

level in a first time slot and the target adjustments from the first communication

station, receiving at the second communication station the target adjustments and the

first communication and measuring a power level of the first communication as

received (42, 46), determining a path loss estimate based on in part the measured

received first communication power level (43), the method characterizéd by:

setting a transmission power level for a second communication in a second

time slot from the second station to the first station based on in part the path loss

estimate weighted by a first factor, a long term pathloss estimate weighted by a

second factor, and a target level adjusted by the target adjustments (47), wherein the

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

time slots.

2. The method of claim 1 further characterized by the target level is a

target signal to interference ratio.
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4, The method of claim 2 further characterized by each target adjustment

is in a range of 0.25 decibels to 4 decibels.

5.  The method of claim 2 further characterized by:

a target adjustment incrcasiﬁg the target signal to interference ratio is SIR p;
a target adjustment decreasing the target signal to interference ratio is SIR g
a target block error rate is BLER t4zgers and

SIR g is determined by

SIRpec = SIR e X BLER14Rger/(1-BLER rapger)-

6. The method of claim 5 further characterized by the BLER,pgey is in

the range of 1% to 10%.

7. The method of claim 1 further characterized by:

if the error rate exceeds an upper or is below a lower threshold, a target

adjustment is transmitted; and

if the error rate is between the upper and lower threshold, no target adjustment

is transmitted.

-18-



L*z 109 ()- L(z 109 ()-LS& 109 ()-L$z 109 () - uYYZTZZZZZZdYNC 10% 10 10
10; 109& ()-98g 109& ()- ~6109& ()-94 109& ()- 91z 109& ()- ZZ[V[[\ \dEYNC
10% * 109%& ()- s 10%& ()-3 y 10%& ()-3 y 109%& ()- 3f 109%& ()-

Y(MLOY&' ()-M\\\]2]=]1]dEYNC 10% 10%& ()- "10%& ()-'10%& ()-- 10%& () -
Y1I0%& ()- y 10%& ()- 1]1]70" i dEYNC 10% + 10%& ()- ) 10%& ()- L'z
10%& ()- % 10%& ()-"z 10%& ()- 10%& ()-i__ "9 dE:/ 10b 10bF;
10%& ()-Y7z 10%& ()- 510%& ()-2109%& ()-sO0 10%& ()- . 10%& ()- " *alaa
bt bbxY:/ 10b3y o10%&4().- WM& U (). 10%& ()-F z
10%&: () - Fy 1)&%&' (;‘r-h%)fﬂﬁfﬁé‘é ﬁ@@%ﬁ?@aﬁﬁﬁmﬂ%m@@%@w f
10%& ()- vy 10%& () - 10%& () - Yy 10%& ()-ddKeee4f| fdE:/
10b3@ Z10%hereqding th e(vel arg trapsmoisted as SQON AVMBIqrICouBLexteedsain(Ypper
10%& ()- |ffgUggggggdYNC -

threshold.

9. The method of claim 1 further characterized by:
determining a quality; o, of the pathloss estimate (45) based on in part a
number of time slots, D, between the first and second time slot; and

wherein the first factor is o and the second factor is 1-ct.

10.  The method of claim 9 further characterized by a maximum time slot
delay'is D, and the determined quality, «, is determined by

=1 - -1)/(Dpe-1).

11.  The method of claim 9 further characterized by a maximum allowed
time slot delay is D, ., aiowes and the determined quality, ¢, is determined by

o = max {1-(D-1)/(Duxaowed-1)s 0}.

12.  The method of claim 1 further characterized by the set transmission

power level compensates for differences in uplink and downlink gains.

13.  The method of claim 1 further characterized by the first station is a

base station and the second station is a user equipment.
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equipment and the second station is a base station.

15. A spread spectrum time division duplex communication systemhaving
a first (110) and second (112) communication station, the system using frames with
time slots for communication, the first station (110) receiving communications from
the second communication station (112) and determining an error rate of the received
communications, producing target adjustments as needed based on in part the error
rate, and transmitting a first communication having a transmission power levelina
first time slot and the target adjustments, the second station (112) receiving the target
adjustments and the first communication an& measuring a power lcvél of the first
communication as received, and determining a path loss estimate based on in part the
measured received first communication power level the system characterized by:
the second station (112) comprising;:
means (110) for setting a transmission power level for a second
communication in a second time slot from the second station to the first station based
on in part combining the path loss estimate weighted by a first factor, a long term
pathloss estimate weighted by a second factor and a target level adjusted by the target
adjustments, wherein the first and second factors are a function of a time separation

of the first and second time slots.
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17.  Thesystem of claim 16 further characterized by the adjustments to the

target signal to interference ratio are limited to a maximum and minimum value.

18.  Thesystemof claim 15 further characterized by each target adjustment

is in a range of 0.25 decibels to 4 decibels.

19.  The system of claim 15 further characterized by:

if the error rate exceeds an upper or is below a lower threshold, a target

adjustment is transmitted; and

if the errorrate is between the upper and lower threshold, no target adjustment

is transmitted.

20. Thesystem of claim 19 further characterized by the target adjustments
increasing the target level are transmitted as soon as an error count exceeds an upper

threshold.
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first and second time slot; and

the first factor is a and the second factor is 1-c.

22.  The system of claim 21 further characterized by a maximum time slot
delay is D, and the determined quality, ¢, is determined by

a=1-D-1)/(Dye-1).

23.  The system of claim 21 further characterized by a maximum allowed
time slot delay is Dy anowes 80d the determined quality, «, is determined by

« = max {I'CD'I)/(Dmu-uuowed'l)a 0}.

24.  The system of claim 15 further characterized by the set transmission

power level compensates for differences in the uplink and downlink gains.

25.  The system of claim 15 further characterized by the first station (110)

is a base station (30) and the second station (112) is a user equipment (32).

26.  The system of claim 15 further characterized by the first station (110)

is a user equipment (32) and the second station (112) is a base station (30).
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