; e3ed6T[ kU OUTER LOOP/ VEI GHTED OPEN LOOP POWNER CONTROL IN A TIME DI VI SI ON
DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s i nvention geneymmwmmmum to
spread spectrumtinme division duplex (TDD) conmunication s

particularly, the present invention relates to a system and net«pseg@ef or
controlling transm ssion power within TDD conmuni cation systens. Figure 1
depicts a wireless spread spectrumtine division duplex (m ﬁati on
system The systemhas a plurality of base stations 301-3

station 301 comuni cates with user equi pnment (UEs) 321-32~ i n*Gobs2+operati ng
area. Communications transmtted froma base station 301 to a UE 321 are
referred t o QUEERALOOP/SERIGHTED iQPENDO QOB RPAWERCONTROANBYAt t ed from

a UE 321 to a bapBEVE BIVISIGNIDHPELEX COMBIUNICATION S¥SIEMUNi cations. In
addition to conmuni cating over different frequency spectruns, spread
spectrum TDD systens carry nultiple conmuni cati ons over the same spectrum
The multiple signals are disti ngﬁ&éﬁ&@éw respective chip code
sequences (codes). Also, to nore use the spread spectrum TDD
systens as illustrated in Figure 2 use repeating franes 34 divided into a
nunmber of ti me Riioivelftn Jenerallyuelatasstosspreat spectmim dings division sdnplexsyst ens,
a communication is sent in selected time slots 361-36" using selected

codes. Ac f
¢PDI) %uﬁwu& y bo éi?fﬁgrgﬁﬁrl? thé %&és%hf‘&v@h‘r‘h & R1& fes to

communi cat'1 ons |ngur sl ot and code e Cco |nation -
1 of a _single a Si tinme.sl.ot is re%ﬁ%%ﬁﬂgto as a resource
uni t . *BacadySfimand Sishstbofenedlits FesFiSh ppReTY SPRIRHRI e, or
mul tiple resource units are assigned to that comruni cation. Mst TDD
systens adgyiemsely control transm ssion power levels. In a TDD system nmany
comuni cations may share the same tine slot and spectrum Wen a UE 321 or

base station 3@igire I @epicw &‘er?elés@%kéddcsp‘e@ﬂ‘ﬁhﬂhﬁﬁtdﬁﬁlolﬁaﬁplbﬁ TRIRer
conmuni cati ons usi ng the sane tinme slot and spectrum cause 1 nt erfer ence to

t he specif] i catl ncr e of one
cormun catPERBIGHRAEMERE ThERRAThATs blah T DRSS ReBORE 0w e

within that tinme s|lot and spectrum Hovvever reduci ng the transm ssion
pover | evBpsa $etiqnd 0y cosmunicates withewser aaw@rrsqng (dEs} %unﬁ%se 15 APEEAingSNRS)
and bit error rates (BERs) at the receivers. To nmaintain both the signal

qual ity otreao/@omin0aicatoss @aknhi@vd from a base station 30, to a UE 32, are referred

to as downlink communications 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 repeatiné 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 carrying

multiple communications distinguished by both time slot and code. The combination



transm ssi on power |evels, transm ssion power control is used. One approach
using transm ssion power control in a code division nultiple access (CDWVR)
comuni cation systemis described in U S. Patent No. 5,056,109 (G | housen
et al.). Atransmtter sends a comunication to a particular receiver. Upon
recepti‘on, the received signal power is neasured. The received signal power
is conpared to a desired received signal power. B aced on the conparison, a
control bit is sent to the transmtter either increasing or decreasing

transm ssi gn, RABRY cdé ift aldingle ti%@élgﬁt is refef€8 16 AEa r&oRHERINiE eﬂgﬁ%g\?)éftﬂ@t rol

signal to the tfransmtter to contr the transmtter’'s power such
power contyol, techni qgues are conmonly referred to as.c]osed |oop. -2

Under cert éﬁ“ﬁj“egﬁﬁﬁeﬂﬁgﬁ‘i 1o UPPOEH ¢ Ricatioh ooe Q% é’aﬁF‘Bi‘}deW’sr ?%Hg“sdgﬁr ades.
For instance, if conmunications sent between a UE and a base station are in
a hi ghly dygssigmied tethdt commanticatimch as due to the LTE noving, such systens
may not be able to adapt fast enough to conpensate for the changes. The
update rate of QSED . i ; L | es per
second whi ch isMhot s]ujf |gn§ﬁatﬁap g?&? Tgé{%@lg&nﬁ?ﬁ%&?ﬂ%&éﬁéﬁl@%&g%rp %5 62 A

di scloses a nethod for conirqQlling a transm ssi.on power, | evel of nobi | e
terminal i PSETEIPRRY FURMUBICRHARTHRY SRareRe Same #e SIoLaRd SRt ng’ﬂod has
both a cl osed-1o0op and an open-loop el ement. For the closed-|oop el enent)

t he base s& &iF 32; cabasel statem 30eismobeivingt e sprcifid compongcatioat all tige btheed on
the strength of the signals received fromthe nobile termnal. The base
station ! aksimiicaiafic Ak the SaRl BRA0ALE Y YRlcE ChudeBcRRIGeltbaneYSt em
in the power setting detefrm nation. For the open-loop elenment) the strength
of the received signal .fromthe base st(?ltign in each frarreliws11 %? ared to
the strenglfCR CREMYYFAHON. o - ARGFERFIRG, HIfio UARYWSYAR PPYRE. 1CYfe X r OPSni ¢ -
power of the nobile termnal is adjusted inversely with the variations in

t he obser veammhgicationdegradesthe sigpal qaalisyof albothsr sampumicatiogs ks that met hod
for regulating transm ssion power control of a nobile station using

| ong-t er m gung sF QL -shestFurnl FSWESE] AstluRethe ¢AREIMNsion fé\der BYVED fo0WaF
control occurs in a base station on the upper level formng a closed

crati on ¢ o oPR TnaRabat AR AUh e skl AR ) oo ERER LS BUbPACE, "Te”

determ ned L . . L.
receivers. To maintain both the signal quality of communications and low

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.



on the |l ower |oop using an identifier of the long termpower and the

deci sion authority. Accordingly, there is a need for alternate approaches
to maintain signal quality and Low transm ssion power |evels. SUMVARY CQuter
| oop/ wei ght ed open | oop power control controls transm ssion power |evels in
a spread spectrumtinme division duplex comruni cation system At a first
communi cation station, errors are neasured in a received communi cation from
a second communi cation station. Based on in part the neasured errors) an
adjustnment in a.target |evel is deter 'ned.qq‘l;ge firgt station transmts a
communi cat i on 3488 riai epoditions, Siepeporman @%Mﬁ&ogﬁﬁt@@ﬁﬂeﬂﬁé%econd
station neasures the first station's comrunication's received power |evel.
B used on Foripstahcd, ifcongneni¢aibmeestbetwesal 9 UR apdta basestatibs attdhartigmigd. The
target level is adjusted in response to receiving the target adjustnent.

The qualit : ] o] i i - \\k ent
communi cat f s P Eed fithzR P LEHENF it AT RREimE g oL BE RN
station's transm ssion power |evel for the subsequent conmunication is

adj ust ed btgsasapblast wqysﬁtto eorapenseterfar heehaages. Tdiesupdatrrageekelassfl@ogual ity
and the adjusted target Level. -3a BRI EF DESCRI PTI ON OF THE DRA' Vf I NGS
Figure 1 ipbweddont@pirTPD iértylﬂ&zilg[r)m SeRdsPer sédod whidhiid hotsdufaéiest forne
slots in repeating frames of 'a TDD system Figure 3 is a flow chart of

out er Ioopiév\&' ht e(g_@o n | oop power control. Figure 4 is a diagram of
conponent s % ication stations using outer |oop/weighted open

| oop power control Figure 5 is a graph of the performance of outer

| oop/ wei ght ed o&h9B 43964 disclasenpanethed forerntrqling @ traspripdoe PONSHL r ol
systens. Figure 6 is a graph of the three systens performance in terns of
Bl ock Err dievelRsftaem6billdtermiddE i katElliESSRivdhicatioflsystein. PRI dodd0Dl MENTS
The preferred enbodinents will be described with reference to the draw ng
figures i r [ ket el e t ( r

| oop! vei ghrEgol 58 (U Abted f6Bp e bhyFIEE ERRRL Tl (BD Moot b5
chart of Figure nd the co nents of two sinplified co ni cation
stations 1‘?!8",“& t %ﬁ%ﬂo’iﬁ‘{{g‘ﬁ@ﬁ?ﬁ thegmo teFH@%SPWfW ?ﬁ“gggﬁ?@ € the
comuni cation station having its transmtter's power controlled is referred
to as the streagthofithé signals eeceived fioen thednatile terminal. The base station takes into

account the propagation delays of the sat‘ellite system in the power setting
determination. For the bpen-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
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 amobile station using long-termand short-term transmission power
control. Long-term power control occurs in a base station on the upper level forming
aclosed control loop. A decision authority statement is communicated from the base

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



communi cation station receiving power controlled conmunications is referred
to as the receiving station 110. Since outer |oop/weighted open | oop power
control .may be used for uplink, downlink or both types of conmunicati ons,
the transmtter having its power controlled my be associated with the base
station 301, LJE 321 or -4 both. Accordingly, if both uplink and
downl i nk power control are used) the receiving and transmtting station's
conponents are associated with both the base station 30, and UE 32,. The

recei vi ng sk 1 [Lues Al ' ' |8k €l udi ng
Communi ca U erioch BN SenEr bEE I e nd et aGR e LRI Aty ™ o
alternately, an antenna array) step 38. The received signals are passed

t hor ough an i sd\eooodingly, tthera islennend farosltesmate gipprasghes: t mairtsim signsl gnal .
The baseband signal is processed) such as by a channel estinmation device 70
and a dat Ql‘ﬂﬁgimjow\ug@gﬂﬁggoﬂ owkflelvBig. tine slots and with the appropriate
codes assigned to the transmtting station's communi cation. The channel
estimation device 70 conmonly 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 estimation device
72, the interference measurenent ARMIMARY and the transnmit power

cal cul ation device 76. The data.estimation device 72 recovers data fromthe
channel by est iofRél RRpAREiEh@d Hpeh JodpShd\der Cthit] @BARb]sitFhSMIRdOfowy | OF tO
transm ssion of the conmunication fromthe transmtting station 112, the
data signal of.the co nicatlon.is.error.encoded .using ap _error

det ecti on?%v(??sr‘élcatfp&ﬁa FRESHEM g drviign diplek C@W%Wﬁﬁms[gﬁ'é%éni é?flfﬁftcal ly a
circular redundancy code (CRC) followed by a forward error correction
encodi ng, cairmtmieatian $tation, \aowss afe WeasyrecbHed #eaedvesceninmynivationdrarsad. Usi ng
the soft synbols produced by the data estimation device 72, an error

det ect i on sg@HdcRirhdnidRliACtBticH, BYsed b int pat SRftheSirddeors, AnRHARASSHAr 111
anal yzes the -5 detected error and determnes an error rate for the

eoel ved sRUTMBLARLGR heBhEReEO THEERS SuRlon'hisREG A cohichdlsy Bi@BESS0r 111

det er m nes anount, 1 , a targe , sSuc a target signal to
interference ration (SIRTARGhr)~ needs tQ be chgnged at the trangmtting
station 1{¥gek? HS%.Q“ B%ééﬁ Sﬁ?quh%taﬂ%?'er'ﬁ?%%m& on mepsyres the first

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 receiving
- the target adjustment. The quality of th‘e 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 ustment signal is generated by the target adjustnent generator 1ll4. The
target adjustnent is subsequently sent to the transmtting station, step
41. The target adjustnent is signaled to the transmtting station 112, such
as usi'ng a dedicated or a reference channel. One technique to determ ne the
anount of adjustnment in the target |evel uses an upper and | ower threshold.
If the determ ned error rate exceeds an upper threshold, the target |evel
is set at an unacceptably | ow |l evel and needs to be increased. A target

| evel adjustnent signal is sent indicating an jncrease in the target |evel.
| f the determ ned errmp%rsﬁgwﬂﬁl\]ao%e K mg’ém&) the target |evel
is set at an unnecessarily high level and the target |evel can be

decreased. By rPBifwerendilufteatésd gror e TBOD sydiemt ransm tting station's power
| evel is decreased reducing interference to other comuni cations using the

same tinme slot { To | v s the error
rate exceeds the 5%2%}1{#%%5)tugeé?lf%&r%gg‘]ﬁygﬁﬁggsga @rﬁw‘ﬁ%ﬁa result)
high error rates are inproved quickly and lower error rates are adjusted
sl owl y, such asFighae3gen flow eharbabieuter foopfiucightedopendeop powert ewdrolt he
threshol ds, a target adjustnment is not sent maintaining the sanme target
l'evel . Applyi ndFighee 319Y Qlid@eMUfeenpgoReAtsSOfTWOBonithRice#n 8loEGsiRpCOdi ng
foll ows. Each bl ock is checked for an error. Each time a frane Ts

det er m ned _- tQ have.an error) a counter is increnented. As soon as the
tgﬁgoogﬁwgggtgpqpﬁpigqp %I‘f’ers(ffélﬁroi's |.5 to 2 tines the desired

counter ex&®
bl ock error rate (BLER), a tarfget adj ustnent is sent increasing the target
| evel . To adj usfigune 536 RIBTRUERT the peréormanas of outesdoep/seighied open idep,

increase in the SIRTaRCE.,. is sent (SIR, NC), which is typically in a range

of 0.25 dBwkighfedddpen!lbop BRd BIOIEEIooR pdWe dohabBESyseimspuUNt ered exceeds a
predet er m ned limt, such as 1000 bl ocks, the value of the counter is

d I h hol d h . i h i Led .
[ The nurber o eabefPLE2HPh0L o8k n ik ok Bofpiule il R AGRL R D

target adjustnent signal is sent decreasing the target |evel, SIRDEC. A
typi cal raRye BLERRDEC is 0.25 to 4 dB. The value of SIRDec ~Y be based on

SIR ~,,c and a target block error rate, BLERTARG&T The BLERT"RCE.,. is
based on the type of service. A typical range for the BLERT~c~,. is 0.1 %
to 10% Equation 1 illustrates one such approach for determ ning Sl RDEC

SI ROEC = S| ByETAS l—ﬁﬁ@ﬁ%’l‘ ﬁ@lpﬁ?g Rﬁgg{? NBODINIENggcount is
bet ween the p%res%gllgs or t eﬂéﬁﬁe‘agﬁérm ne tﬁ‘oc Pnhlgt, a targe%
adj ustment s gnﬁ*'le Il)rgferllr%% e%nebnotdiments will be described with reference to the drawing

figures where like numerals represent like elements throughout.  Outer
loop/weighted open loop power control will be explained using the flow chart of
Figure 3 and the components of two simplified communication stations 110, 112 as
shown in Figure 4. For the following discussion, the communication station having
its transmitter's power controlled is referred to as the transmitting station 112 and the
communication station receiving power controlled communications is 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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Alternately, a single threshold may be used. If the error rate exceeds the
threshold, the target level is increased. If the error rate is bel ow the
threshold) the target is decreased. Additionally, the target |evel

adj ust ment signal may have several adjustnment |evels, such as fromO dB to
t4 dBin 0.25 dB increnents based on the difference between the determ ned
error rate and the desired error rate. The interference neasurenent
device 74 of the receiving station 110 determnes the interference level in
dB) IRS) within,the channegl, based on either, the channel jnformation, or
the soft Mmée duredY.etf Wht‘%‘“&‘aﬁ’é‘? ot BAvgR ¢oawol are geedsdhe. Usi ng
the soft synbols and channel information, the transmt power cal cul ation
devi ce 76 recgiving and rensheafigvitngoss edmponents arenspbciaiednwith beth ihevidse by
controlling the gain of an anplifier 54. For use in estimating the pathloss

bet ween t A\ ?g transmtting stations 110,112 and sendi ng dat a,
the recei \r}?fﬁtg&g@dtélngﬁjg sends a comunication _ to the transmitting

station 112, step 41. The communi cati on nay be sent on any one of the
various channelldie regqiyiag)stagion; I Ogequiressyastossyadip fregHaneysignalsmgluding
estimating pathloss are referred to as reference channel s, although ot her

channel s roaynrhenidsshs oo NBe r eadimiiing statiohot13 hiking & hatkanat 28, ep 301,
t he conmunication is preferably sent over a downlink comon channel or a

Cramom ¢t g0y | ey FRROT s B epcncb B By nalf PP R

reference channel data. The reference data may include, as shown, the
i nt er f er engalatoe$61to a dermodulatari 8 tepsedugetabaseband sigfads dhe basthand signeh as t he

transm ssion power |evel, TRS. The interference level, IRS, and reference

channel peyprock&¥e] such RSby BeNarife] Rithatich QRS 7 (CARIE\@AtS ksthHSordevice
signaling channel. The reference channel data is generated by a reference

channel daha. er.at o 6. .The reference data i s _assigned one or. multiple
Coaour ce. dar R ARSERL Yot Wikt ARERPERI Rk S ERHE Pty P L ' ¢
spreadi ng and training sequence insertion device 58 spreads the reference
channel d&tadloniscconiRerIcatien.s Jiheathanpel estimationedryiceda® sommenluses gheexed
with a training sequence in the appropriate tine slots and codes of the

assi gned tahtng sequencd Somgdreent 2ghie basebasdsipedleepiovidedipmnheldnfo@masion,
comuni cation burst. The conmuni cation burst is subsequently anplified by

an anpl i f gty 80 chaih81 AAPhISE t&PofiSIMUHCAANRBI RIS Thad T isAized BIRE Bty @ Sum

devi ce

" 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

-5-



62 with any ot her conmuni cation burst created through devices) such as a
data generator 50, spreading and training sequence insertion device 52 and
anplifier 54. The summed conmuni cation bursts are nodul ated by a nodul at or
64.- The podul 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 transmitting station 112. The type of nodul ati on used for 'the
transmtted conmuni cation can be any of those known to those skilled in the
art, such detectnd-astar agr determinesaniespr mie {atiseceived cammunieatigns step 3ni f t
keying (QPSK). The antenna 82 or, alternately, antenna array of the

transm tti t [ i ' T | @rdepCl udi ng
Lo T ar gel e g e e L SO LA B 2t or

84 to a denodul afor 86 to.prqduce baseband ,sj,gnal ., The baseband signal is
processed e‘éﬁi&ﬁ‘gﬁy B)’afge(:%g‘i‘?ﬂé? 1’39&?5‘?&?‘? Eﬂ‘\m&ésbgukw)'%ﬂd%{mé%ﬁ %‘a@gﬁ‘ﬁ mat i on
device 90, in the time slots and with the appropriate codes assigned to the

conmmuni catat the thansatittifg stitiorr EXZistepnd0.s Basedoon flitdetdrineined amoeht, asthigept i on
devi ce 88 commonly uses the training sequence conponent in the baseband

"o0"™ 7o SRARAR SORTIF ke B TR e e EEERof TR, ASBRBE" 50

a power neasurenment device 92. The power |evel of the processed
communi catAiwstreentris spbsrgueatly seatte thertaansmidingngiation, stewdl. | Thedarget ed by
t he power neasurenent device 92 and sent to a pathloss estination device

94, step 4djusieddi is Bigneledno ehe esdsmitingoftatiy 112, $h8h apdsinge dkaticatedbi nat i on
device 90 are capable of separating the reference channel fromall other

channel s. | ic gain control device or anplifier is used for
pr ocessi nar{é%g&rcgc%g‘o‘&g%' signals, the neasured power |level is adjusted to

correct for the gain of these devices at eifher the power neasurenent
device 92 or pSnRterhniqus tpestaranefisamounyof adiustaeRtin the fagetdareluseevi ce i s

a conmponent of an outer |oop/weighted open |oop controller 100. As shown in
Fi gure 4, athppetitand lowep/thessholded I en detenpinednércad tate ekO€edsommprippes t he
power measurenent device 92, pathloss estimation device 94, quality

measur enegiresind, CieStargd: %gﬁtis el at @ndeacE&tdtl )Slso%}1 feviel 2RAMdedd X8

cal cul ation device 98.7 To determ ne the path | L, the transmtting

station 142, alse RSQUETES R e THOL RALh Aok ERS ickdaBYiPOYTHrgkP Vel -

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 spectrum. 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

-6-



power |level, TRS, may be sent along with the communication's data or in a
signaling channel. If the power level, TRS, is sent along with the

comuni cation's data, the data estimation device 90 interprets the power

| evel and sends the interpreted power |evel to the pathl oss 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

comuni cation's power level, R i.s) fromthe sent conmmunication's

transni tt etP RRYREN arEay e countes is infaerpentpd.0AS sean AT HREICOHNIGE 0XGeedDan BRRET mat es
the path loss) L, between the two stations 11Q 112) step 43. Additionally,
a | ong ter threstoldreduehods 1lSetqattirhesthe desired Hlogldatres raet GLER), aQaegegxanpl e
of along termpathloss estimate is a long termaverage. The long term

aver age of j4hena : i a f estinmptes. In
certain si %1& gt [ ontél,’1L %ﬁg% éljzgcge%éfﬁ?t ?gbnga\fngétt %2819,[ r?:aohtg?@%{s %fﬁ%‘fﬁ&%@ tﬁgvel ,
Tas, the receiving station 110 may transmt_a reference for the transmtted
pover | evelrangmiting stangu bl the Mstaare an theesthnmeards saat (HBned Whishiltes
reference levels for the pathloss, L. Since TDD systens transmt downlink

and .upl i nktypisallyrin aahngeief .25 dBetosiadi®. 1f thenentder 6PERC fiames bcaumneted | ons
t hese conmuni cati ons experience are simlar. This phenonmenon is referred to

as reciprogy LRRAQCI t the i f t.he
downl i nk vvlg’f %lﬁ g(jﬁ %%a%@g@? |8e]nc'é’ gr‘ﬂt %@J@P#ﬁiS‘Q%Wec@n@gg%ogmeéﬁpaddi ng
the estimated ﬁ?l‘aéh Iﬁss tg a_target Ieéel', a_transm ssion gower | evel for a
communi cat SYRPHER &9 fHEWEF Hreshold.isygh a5 82 ©r0-@ thngscthe desired BLER glfdhat i on
110 is determned. If a tine delay exists between the estimated path | oss
and t he t rewsbert ofechuntethblvickarfoonis Gehawpht lowearshrashplel, ndmgetadjystnieat
transmtted conmunication rnay differ fromthe calculated | oss. In TDD
where co } L ; i [ rq ti t 3 i me
m@ighﬂ%& ‘s&ﬁ%ieéfeﬁsﬁg’igenlgp%éﬂ'lévfeﬁ_sm o mbﬁ ringbbt SR 5o fghﬁzi

sl ot del ay i ransmtt C ni cattons na egrade the

et ween receive
i avbacks. B TBIEE o Sbfren o Pe Boret o Siiae nd R pgb e HRR et ok iy of
the estimated path | oss using a quality nmeasurenent device -lla
Rrarger- The BLER ey is based on the type of service. A typical range for
the BLERspger is 0.1% to 10%. Equation 1 illustrates one such approach for
determining SIR g
SIRpge = SIR e X BLER 14rger/(1 - BLER pARGET) 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
target is 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 103
converts the soft symbols produced by the data estinmation device 90 to bits
and. extracts the target adjustnent information, such as a Sl RTARCe, .

adj ustment. A target update device 101 adjusts the target |evel using the
target adjustnents, step 46. The target |level may be a SIRTAR~E.r or a
target received,power lLevel at the recejving,station 110.. The tra it
power cal cul at i GHEJRNSTERICRES LRsRSIemEn] (eVieE; Zét%&@w@@evmsvgﬁﬂ% {ﬁr&t he

wei ghted path | oss estimate, L, and |long term average of the pathloss

esti mat e, Wdetermimedeheimenferendelevelansi, Iy, enthiotherchaewel| baskd oaeeitheatheni t t i ng
station, step 47. Data to be transmitted in a comruni cation fromthe
transmtti i 121 I §ﬂﬁnﬁ I . . IS
error detegg?%%?%%?ﬁ%%%ﬁ%ngﬁgggggﬁﬁggégﬁé%&:e ec%?%% g%?%@%%@%ﬁagzgoder :
110. The error encoded data_ is spread and tine-nmultiplexed with a training
sequence bPT PREL-t rASIAE e sefjubmabols gad rahappel gadormation  the, raRE ROVEHT i at e
time slots and codes of the assigned resource units producing a

comuni cat caloulatioatdevidee7 Geotasls gegreaeiving sapn's iramkrgsian pamer ldvetby106 and
nodul at ed by nodul ator 108 to radio frequency. The gain of the anplifier is
control |l ed ' «cal=gul ation device 98 to achieve the

det er mi ned® %ﬂ%@ﬁgg@?gﬁﬁgﬁﬁggmﬁgge §gThe power controlled comunication
burst is passed_through the isolator 84 and radi ated, by the antenna 82. -12
The fol | owi ng i EOHE BuskimatBRahadagHessibeI et FoFChiyigs aBS HAnsMItARgori t hm
The transmitting stations's transm ssion power |evel in decibels, PTS) is
det er m nedstatomgl HYddL andischdikpdata, theebEEHg statidRI 10 exnfda torhmbnication
CONSTANT VALUE Equation 2 The SI RTARCET has an adj usted val ue based on the

S5 R 3 O O

SIRT, , RGi.l. smtting station upli ower
control, Sl RCE.,,. is signaled fromthe eiving station 110 to the
transmtti ﬂgI@t Yerigps fi?‘.m $idi TYRicALI yin aaﬁ@ﬁi%‘ﬁ‘ﬁi‘b ¢ fibanAetsn wped f8Tf or an

adjusted SIRT,,RGE.|. may al so be signaled. The adjusted SIRTARC~,. is
i mted toestimatimexpathlossiact referreritm asalefarencel gh8nneds,t dlthowgh stinar ahhnnédle
interference power |evel at the receiving station 110.
may be used. If the receiving station 110 is a base station 30,, the communication
is preferably sent over a downlink common channel or a common control physical
channel (CCPCH). Data to be communicated to the transmitting station 112 over the
reference channel is referred to as reference channel data. The reference data may
include, as shown, the interference level, Ips, multiplexed with other reference data,
such as the transmission power level, Tgs. The interference level, Ig, and reference
channel power level, Iy, may be sent in other channels, such as a signaling channel.
The reference channel data is generated by areference channel data generator
56. The reference data is assigned one or multiple resource units based on the

communication's bandwidth requirements. A spreading and training sequence

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

-8-



Lis the path loss estimate in decibels, TRS - RTS, for the nost recent
time slot 361-36" that the path | oss was estimated. Lo, the long term
average of the path loss in decibels, is the running average of the
pat hl oss 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 differences in uplink and downlink gain. Additionally,

t he CONSTANT VALUE nay provide correction if the transmt power reference

| evel of the recejiving station ks.transmtted. instead of the .actypal
transnt Ioabiceal dif-ShiibRRed fuhaTAEThe fond iR HEpratod L ERIER ¢ e
CONSTANT VALUE is preferably sent via a Layer 3 nessage. The weighting

val ue, a, and C@dn@agt@p@ssignqd)g@sqwb unigs.ofhe resultiogisequentegardferrod o avml i s)
preferably, based on the nunber of time slots 361-36" between the tine

. slot, -13 cominusitatidiebhi@st TR BnlAGHcARI Hﬁ%ﬁteis%ﬂﬂséc{m@nflyraﬁifliﬂeﬂ%)ﬁdlpt of

“the communication transmtted by the transmtting station 112. The val ue of

a i s between rona one...General |l y) if the ti di fference between the

it ot ot Gt o7 e ABpicER e Ren ool ine Bl B ST cr

and a is set at a value close to one. By contrastg if the time difference
t

is |arge, @hwithaany dthers castmumidagiondynrstotredsed duoughtdeviaed, sush doagataer m
average path | oss neasurenent is nost likely a better estinate for the path

| 0ss. AcCQedbmeris0, dhresdi i & ibR de 5 [ i nd 4 are
equat i ons(gf'egr dert er%&ﬁ?ﬁggg{l@?aﬁllféﬁ:é@e-ée?%ﬁ-ml )/?i%?, g,ch%atfh;m%ﬁgg?i on 3 a

=mx { 1-(D1 D',~ a'oWw -1), 0). Equation 4 The, K val ue, i s, the nunber
of time slots %lj@%_sg@n%qmn%qqgo% PH%tSsE}rBfnqgf"l‘itﬁ‘ibl"'zfs'{“oﬁ‘é]l%?rl@ssﬂé*sti nat e
and the first time slot of the transmtted comuni cation which will be
referred toddatedheignalie padsed thiebagh an fsotaber 6baindyradinteshisy 4n anesiadi§ asa i s
one. D~ is the maxi mum possi bl e delay. A typical value for a frame having

fifteen tisiBwal @ Alehaidy Shroddh bRANEBLAKMS. Drhe fadifte@Cdifnd? is passedV 1S
the maxi mum al |l owed tine” slot delay for usihg open | oop power control. If

t he del ay . excegeds .D:, ax ~p\W- n | oqQ r.control.is effectiyely
turned of fyEs avtirek adioghana RY B¢ m A PurhHE or B8 ahmiside SapSE 1t
determ ned by a transmt power calculation device 98 the transmt power of
t he transrhhettere efonedulaiéen used fosthedransmittpdicosrsunigation eambrany aftteose
performance of the weighted outer |oop/open |oop, open |oop and closed Loop
systens. khewal touthatd ekisled n theWieSuéh andirectphisse- skdft 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
SI RTARG~r 15 increased if a block error was detected and decreased if, 6 no

bl ock ‘error was detected. The outer | oop/weighted open | oop system used
Equatioh 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
simulatio each bl ock was 4.fra : | ock error s decl ared when at
ot - tvio THEHATRCL ATORBAGRRE it SSRLPY 4t Aaestmo SR I0afibd oRviean
channel is assigned one tine slot per frane. The target for the block error

rate i s 1lOSeastieenenit deeie€92.i s updated every 4 frames. The simul ations
address the performance of these systens for a UE 321 traveling at 30

kil oneters per u } e l Lyersity
for reception v?nm%hﬁ%vavclﬂ?ea@ﬁtl ?#n%%h%ﬁ%%ggﬁo%gmfﬁggrc ﬁ%@@%?@g#’g The :
simul ati on approximated a realistic channel and SIR estinmation based on a

ni danbl e JeHTEcEShanngl Rey 1t igasured by he povenmeappypepideyiceand skt whi t e
Gaussi an noi se (AWGN). The sinulation used an International )
Tel ecomunbagiatiioss\datinmatioh deyvideeds stepi 420 Bothythe chidiamd estimatbri@RSce 88

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

Channel caqgi t [ : h 120
of i qur o 103 SEARTERRGh DelRc SPRY QRO of SRpiling The RtetpfPondfif e
ES/No for a BLER of 10-' as_a function of tine delay between_the uplink
tine slot f5em8all pthesshanneds cHanggigmatingain gentsplglevices agnlifierisusedgpressed by
the nunber of time slots. ES is the energy of the conplex synmbol. Figure 5

-15  demprsdessihg shd ieativedRpmaliathHy medsarddep@nadewsl de adjakteti ite soméd fognor ed,
the performance of the conbined systemis alnost identical to that of

vel ght ed_qRe Baih WNHBKS A& TLes DRI TS BOwEY HAMBHERP HEALL D2 dhpligaed | oop
system for a elays. 1n e presence of gairn and I nterfeérence
uncertainti es, ,thg t,ragﬁm' ted power |evel of the open |oop systemis
ei t her t o&SHmgReLAeYiER todhspowes messtscaent deviee 1f A ompoRenbol Jkoutflgur e 6,
a gain uncertainty of -2 dB was used. Figure 6 shows the BLER as a function
of the dellagp/weightddniopemllovpf eongratier IMMTNRGarshbwn Badiigers e ntheesutaet to
its correspondi ng nom nal val ue obtained fromFigure 5) in order to achieve
a BLER of e bt 1 I i ainty,

1 /\IVCI t%]’é n oﬁE%WﬁgBﬂéIIOU &rﬁﬁ‘?se@.tﬁcsg@ffﬁre H'fgaﬂﬁ'bﬂleh't' H%%Eée

both the co n cl os op systens achiev esired BLER The
per for rrancgci

8I1thloss estimation 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, Tys. The communication's transmitted
power level, Trq, may be sent along with the communication's data or in a signaling
channel. If the power level, Tgq, 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 30y, preferably the transmitted power level, Ty, is sent via the broadcast

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

-10-



the wei ghted open | oop system severely degrades, * * * -1 G CLAI1VIS 1. A
nmet hod for controlling transm ssion power |levels in a spread spectrumtine
di vi si on dupl ex comuni cati on system having frames with tinme slots for
comuni cation, receiving at a first conmuni cation station conmuni cations
from a second conmunication station and determning an error rate of the
recei ved comuni cations (3%$) 39), producing target adjustments as needed
based on in part the error rate (40), transmtting a first comuni cation
.havmgat 1S Sk I' '

adj ust rrentcg ﬂlﬁﬁ%Wle‘}&% %ﬁé;éeéféc{rhﬁ\ﬁﬁw?elgf&sg? ﬂsxﬁﬁ?zdipﬁ §econd
communi cation station the target adjustments and the first communication
and measurleve), Tasptikenathlossestiprationslevice K astimatas tha prévioss Ly debveendhe 42)

46), deternmining a path loss estimte based on in part the measured

recei ved frjboStatfnd 10! $£2isep nww@ddk@a&ﬁhymeﬂ fehn eIBEROLLCMR RMIGE, 26d bY:
'setting a transm ssi on power l'evel or a second comuni cation“in a $econd
time slot fromthe secoaa tation e first azh tion, based fn in part the
path | oss Ies‘tsluﬁ’ﬁﬁ@dv@% e “B)PXW °r 12 Pgﬁf‘?ﬁnp oﬁﬁﬁsqrﬁ?'tﬁﬁ)aa qpdedn
estimte weighted by a second factor, and a target |evel adjusted by the
target adjavetagentThe(16iy termhaverage bﬁmeflmhloasyios ecamavdragd of theapathkvs§ uncti on
of atime separation of the first and second tine slats. 2. The method of

claim1l fuy Cha, Q%ﬁ Ex?strm t?an@ | to
interfer ené%@%fl fire gﬁéﬁ@ﬁ’énﬁt\%t ég&o C m%{hf rd%er %ar ac?@hzed by
t he adjus stothetar signal to,int rfer ceratio are limted to a
nmaxi num ahg‘se' & FeRFYIDg statio %Af oﬂ’i'gy b il q);c ereaeefor the transpited PAWEES i zed
by each target adjustnment is in a range of .0.25 decibels to 4 decibels. 5.
The net hodeved. Initatens, therpaddosodstimatioe devied 94 proddesrefprencedp visls formhe
increasing the target signal to interference ratio is SllIt~c; a target

adj ust nmen qz&.rsegm ng the target signal to |nterference ratio is SIRDEC, a
target bl c error rate is BLERT, ~o~.; and ' S~DEC 1S determ ned by

Since TDD systems transmit downlink and uplink communications in the
same frequency spectrum, the conditions these communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
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-



SIRDSC = SIR~, ¢ x BLERTNRCE., J(1-BLERT,,~cEr)~ 6. The nethod of claim5
further characterized by the BLERT,~Ga.,. is in the range of 1 %to 10%
7. The nmethod of claim 1l 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 is transmtted. 18 8. The net hod of
claim7 further characterized by the target adjustnents increasing the

target level are transm,tt %@?s,soon as, an error coynt exceeds an upper

t hreshol d. 8@?“’1’1’?93 {#’Eﬁﬂgiity&? W@émﬁ@s UHRE A guality measursmentdevicei ni ng a
quality a, of the pathloss estinmate (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 nmethod of claim9
further characterized by a maximumtine slot delay is D',~ and the

determ ned quality, a, is determned by a =1- (D-1)/(D',a,~ 1). 11. The
met hod of claim9 further characterized by a maxi numall owed tine sl ot
delay is D'",~ ~"oW and the determined quality, a) is determned by a = ~
~1-~1 )~max. Wwwod-1 ) ~ 12. The nethod of claim 1l further characterized
by the set transm ssion power |evel conpensates for differences in uplink
and downlink gains. 13. The nmethod of claim 1 further characterized by the
first station is a base station and the second station is a user equipnent.
-19 14. The method of claim 1l further characterized by the first station
is a user equi pnent and the second station is a base station. 15. A spread
spectrumtinme division duplex conmuni cation systemhaving a first {110) and
second (112) comrunication station, the systemusing franes with tine slots
for communication, the first station ( 110) receiving conmuni cations from
the second communi cation station ( 112) and determning an error rate of

t he received '
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communcati on produci ng 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 tine slot and the target adjustnents, the second
station (112) receiving the target adjustnents and the first comrunication
and. neasuring a power |evel of the first conmunication as received, and
determ ning a path |oss estimte based on in part the neasured received
first conmunication power |evel the systemcharacterized by: the second

station (112) co i si.ng:, peans (110) for settin tyansm ssi on power
| evel for ég’s%‘&B ’@Bﬁﬁgﬁggg?t ﬁhérPSPH"aiFdsB%tBrﬁﬁsst ?‘?Fg’r&“giy'flwﬁ%dtlﬁ’@gsté{!ﬁnd
station to the first station based on in part conbining the path |oss

esti mat e weveghgeeof thy pathiogssL,.factor, a long term pathl oss estinate wei ghted
by a second factor and a target |evel adjusted by the target adjustnents)

vher e n 11 11 0 oML RhePl ool RS A0 b SRR o1 ©

the first and secon emao urt her
characterized by the target level is a target signal to interference ratio.

17. The sylsvekisadjustesh # PeogessarddB comyene thersofleymiypls prodyegd By thedalat o t he

target signal to interference ratio are limted to a maxi mum and m ni num

val ue. 18. estimgativmsie®ioed( ol bitshnd extrdéts gy tagdandjikenent esfobnages, suthaget
adjustnment is in a range of 0.2S decibels to 4 decibels. 19. The system of

berow a | CHRTCRRFEeRBR ot fapgtodi Al o e FHERTARI URplRRET 0 '

error rate i s between the uger and | ower threshold, no target adjustnent
i s transm rged adpetmentis S!#Ps‘? n hsftazgesleyehmay be & RBRraetraOh @ tasgetreeeibed t he
target adjustnments increasing the target |level are transmtted as soon as

an error cm&rlem%d@@&iummdﬁpﬂhol d -21 21. The system of claim15
further characterized by: the second station (112) further conprises neans

or et o s PR s BBl 5 0 SRR SR B e 2
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
determ ned quality, a, is determned by a =1 - (D-1)/(D',a,~ 1). 23. The
system of claim 21 further characterized by a maxi num all owed tinme sl ot
delay is D'~ _,"oW- and the determined quality, a, is determ ned by a = max
(1.-(D1)~(D', ~. ~uoW-a-1)~ 0~ 24. The system of claim 15 further
characterized by the set transm ssion . power |evel conpensates for
differences in_the uplink and downlink gains. 25. The system of claim 15
further char actlsfollowingisome opter lqopéyed t?ﬁlomnbaongovwr@aaﬁobala@mfbm (30) and
the second station ( 112) is a user equipnent (32). 26. The systemof claim
15 furt heThehananittng stedomys trfreniisdich potvet ievdl it detheld, P waaemud prent
(32) and the second station ( 112) is a base station (30?

. AL AF@ A3 A. AFu. AY, . A?. A, . Af ?. AF. AFN. AL AY. AFa. AYu R Aa. As. A3;

A A %ﬁﬁ%‘& Y
H| wr rrhc"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcal ca cal ca]l ca] ca] calca]ca] ca
] ca] ca] ca] ca] @ c-a%l&r]\m] tdkg t 04l 4 }‘@i& EUE Equatloni
}xsni d_Z]]ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] cHj h@sadrpﬁi]]ﬁﬁéd BB ased-dnhe received tar%et adjustment

We' } xsni d_Z]]ca] ca] cal ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca] ca] ca]ca] ca

& xon o 2 PRAF RS R FRAGEFEIR Bl PR arisiofua) BEfRPERR T2

a] ca] ca] ca] ca] ca%ca cal caLca] cal ca!;

8&&: " r pplink\powerfcontrpl, SIRk4xcE0ISE gnaled iTam teafesaiving ca] ca] ca
] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca! GOSOORARNLITINNRZRS transmitting station 112. Additionally, a maximum and minimum

37333. 42444@553666( 7277$8z889nD| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

ol ol o oGt A 68k SIRTLET 1%2:] GRLWR fEA8) C A SRR LSS

8<<<1::::F>>><’>’>70@g@@@@3 B~B} xsni d_Z] ].ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] dipited tofhe maxamem asral]raéx}@a]n:%al'e%@] eﬂa}lé ] da%‘—qﬁa]ec tba]réal] era]leea] B]B#CLC
CDWDDD+EEE' FzFFGGoGGHMHHI 11 51 hl 1137 JJK_KK| wr mhc”Y] ca] ca] cal ca]ca]ca] ca]ca]c
aU] ca] ca]peardéwd hrtheaadaieingatatmincHl(ca) ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
KKL[ LLL@WNVMVM

NXNNNI OO0 PPRQG, A

ca] ca] ca] ca] cg] cai gl cai cai ca] %:e 1}1)(:&% @1@03‘]603%%21%31}1 ﬂ}o‘g?%e ﬂ}‘%ﬁ) _a_L_c__a_]r_c_aL

I U+Ui

TV XoSevia S St Q304 STHEDA e edane YERpUES Tl BRI co) oo

ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca ca cal 'FA 6] g] ] "hAA
5" } ‘in degibakaisathb phiningavetgdrd| the pabiosp @al]@alec&} &pﬁ? a] cajca] c

a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca! Eeee. f

ffffOggggDRNE isiaic8inéitidn tekRKk RIEICONSTANT VALUE corrects for differences in
nmmriln} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

. 0 >s\W\
PV At e P RPE R G RhAE ARG SEHEA SpRiRRaRe IR RPRRAR i (LS Ca
|
e i hBs o raunaly. e CONSTAT T%Aiﬁﬁﬁ%vpvrxme correction
{{{0| U || zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] cdffteataaidiom]we]referepdedeyel alf tiad wadivilg @Hgnistransiot&i] Righddk} xsni d_2Z
] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]
~$
o o) ba) LTS TAERERER EFd, Tay o Tt A A O PR SRR Col cal ¢
hf G
110% u& (CANSTIANT VALYE, is greferably st i 9 Laver Boweesage,) - " 10% u&' () - R CdE
10% u&' () - 10% u& ()- F 10% u& ()-10% u& ()-MO0% u& ()-s 10% u& ()- h\dE.
10% u& ()-,, IThewetgltng Vallé)%, ista neasut®t the quality 6fQle ekinited Path loss
10% u&' () - \ VdYNC 10-u 10-u 10- u@ 10% u& ()-7 10% u& ()- f5 10% u& ()-

10% u& ()ing%s, Jp?e/f’e%%l}(, baséon the number of time slots 36,-36, between the time slot,
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dEYNC | 109%&' ()- |y 10%& ()- &L0%& ()- 10%& ()-  10%& ()- @ 10%& ()-"
H7dEYNC Y !z 109& ()-Y z 109& ()-1z 109%& ()-1z 109& ()-1 #109%& ()- |z
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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 « 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 o.

a=1-D-1D/D,,,-1) Equation 3
& =max {1-(D-1)/(D .y - aiowed ~1)» 0} Equation 4

The value, D, is the number of time slots 36,-36, between the time slot of the last
- path loss estimate and the first time slot of the transmitted communication which will
be referred to as the time slot delay. If the delay is one time slot, o is one. Dy, is
the maximum possible delay. A typical value for a frame having fifteen time slots
is seven. If the delayis D, € is zero D, auowes 1S the maximum allowed time slot
delay for using open loop power control. If the delay exceeds D, siowes» OPEN l00Op
power control is effectively turned off by setting ¢ = 0. Using the transmit power
level, Py, 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 § and 6 were
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performed for a slightly different version of the outer loop/weighted open loop

algorithm. In this version, the target SIR is updated every block. A SIRqpger 1S
increased if a block error was detected and decreased if no block error was detected.
The outer loop/weighted open loop system used Equation 2. Equation 3 was used
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 assignegl one time slot per frame. The target for the block error rate is
10%. The SIRyspger 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 approxixﬁatcd 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 3
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The combined system outperforms the closed loop system for all delays.

In the presence of gain and interference uncertainties, the transmitted power

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. Theinitial reference SIR,zger 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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for communication, receiving ata firstcommunication 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 incrcasiilg the target signal to interference ratio is SIR p;
atarget adjustment decreasing the target signal to interference ratio is SIR g
a target block error rate is BLER ypgers and

SIR e is determined by

SIRpge = SIRc X BLERarger/(1-BLER 1arger)-

6. The method of claim 5 further characterized by the BLER 5 pgpr 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.
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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 ¢ and the second factor is 1-c.

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

0 =1 - D-1)/Dpee-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)/Dpuxanowec-1)» 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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15. A spread spectrumtime division duplex communication system having
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 level in a
first time slot and the target adjustments, the second station (112) receiving the target
adjustments and the first communication anél measuring a power levei 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 lbng 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.  The system 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 arange 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.  The system 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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o, of the pathloss estimate based on in part a number of time slots, D, between the

first and second time slot; and

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

22.  The system of claim 21 further characterized by a maximum time slot

delay is Dy, and the determined quality, «, is determined by .

=1 - (D-1)/(Dpee-1).

23.  The system of claim 21 further characterized by a maximum allowed
time slot delay is Dy, .iowes and the determined quality, ¢, is determined by

o = max (1'(D'1)/(Dm.\x-allowed_1)’ O}'

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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