18 Cct ober '2006 QOUTER LOOP/ VEEI GHTED OPEN LOOP PONER CONTROL IN A TI ME

DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND This.invention generally
relates to spread spectrumtine division duplex (TDD) conmf@cabdr@h06
systens. More particularly, the present invention relates. to a system and
nmet hod forcontrolling transm ssion power Wthin TDD conmuni cati on systens.
Figure. 1 depicts a wirel ess spread spectrumtinme division duplex (TDD)
comuni cati on system The systemhas a plurality of base stations 303-307.
Each base station 301 comuni cates with user equipnent (UEs) 321-32, in

i ts operati nQUEERLCDORIWE i ] a base station 301 to
a UE 321 are ref mmpalt‘gs?ggga 1.8 ?&%ﬁ%’%@ﬁﬁg GQN'ER@E‘ fNcdt i ons
transmitted froma UE 32 S YRlbXS CAFTONSYSTEMt 0 as uplink
conmuni cations.- In addition to comunicating over different frequency :
spectrunms, spread spectrum TDD systens carry nultiple comunications over
the sanme spectrum The nultipl eBAGRGRODI stinguished by their .

respective chip code sequences (codes). Also, to nore efficiently use the
spread spect r ulbhisTRRea}s4 i strated in Figure 2 use repeating
frames 34 divided into a m%?yc#ia??sn@ HBYS SBeiuBs ime dividion afupkixxt een
tens, a cqonmunication is sent in selected tine slots

time slot SYS

361- 36" ugﬂgjggﬁﬁeﬂc‘f%ﬁﬂm&e% Meowi Pﬂgﬁwaﬂnahé.pmﬁﬂv&fﬁo%@fﬁ?‘%ﬁ of
carrying rru_ht'g_lle comuni cati ons di stinguished by both tinme slo and code.
The conbittegnand method for controlling transmission power within TDD Co'mmuniéatiOn

systems.
Figure 1 depicts a wireless spread -Aspe‘.ctrum -ﬁme division duplex (TDD)
"connnunication system. The system has a blurality of base stations 30,-30,. Each
- base station 30, communicates with user equipment (UEs) 32432, in its operating
area. Communications transmitted from a base station 30, to a UE 32, are referred
to as dowz_ll_in'k communications and communications transmitted fr;;)m aUE32, 1o
a base station 30, are referred to as uplink coMcaﬁom.

In addition to communicating over different frequency specm, spread
spectrum TDD systems cénymultiple communications o‘ver the se;me specirum. The
multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the sprgad spectrum, TDD systems as illustrated in
Figutie 2 use repeatiné frames 34 divided into a number of time slots 36,-36, , such
zfs sixteen time slots. In §uch systems, a communicziﬁon 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 slotand code, The combination
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1 18 Cctober 2006 of a single code in a single time slot is referred to as
"a resource unit. Based on the bandwi dth required to support a
communi cati on, one or nultiple resource units are assi gnetd Ociobdrdd06
comuni cation. Mpst TDD systens adaptively control transm ssion power
levels. In-a TDD system many conmmuni cations may share the sanme tine sl ot
and spectrum Wen a UE 321 or base station 301 is receiving a specific
comuni cat i(ﬁn, .al.l the other communications using the same tinme slot and
spectrum ca SSigle cp eibn smgleotimb slot Sprateriéd oA, Lign. r:)1sz1ncr easj ng the
t ransmi ssi 3}2 EOQ% | evel of one communication degralggsu?lﬂe S%Bp%ality
of all ot hdandwidthnéqeded 36 suphdhi . .tinme slot and spectrum However,
vy o (H]? g‘x)/ﬁe’piqné%a By one pitiple fesopmsesiniabdes.

reduci ng the transm ssi on power
SNRs).and bit error rates (BERs) at the

signal to. gn | |
89l thhd D Wication, ; gnal quality of communications and | ow

recei.vers. To maintain
| evel s, transm ssion power control is used. One approach

transm ssi on p%rﬁtm

using transms ; ﬁkﬂysma@pﬁVﬂy@oﬁﬂsﬁmﬂisMﬁ" ZOuLL4.p! access ( CDVA)

conmmuni cation systemis described in U'S. Pat en%ic%{(;f.)g\g?%f@g?ﬁogla(%m housen

et al.). Asysternsmanyt@mmesiess mﬂi tion to a particular receiver. -~

Upon reception, the received %1%91%8 poﬁgﬁe ae, e sleand mpectrane iWheh Si gnal
ed received signal power. Based on the

power i s LOppsy es! . ! |
conpari son, a cdﬁ(&r'%a?e gﬁfq‘fmi 1R HCHUNE Mespecifiestoninanicaiibi e HACSHASI N9 or
decr easi n%gt rangm ssi on power by a fixed anpbunt. Since the receiver sends

a control Wcaft@ng fsingr the ssaiet tirhe tsfot G shOE rum cause interference to the

specifi icati in
pecific commumcatwn. Increasing the transmission power level of ‘one

-,

-communication degradeé the signal quélity of all other communications within that
time slot and spectrum, Howc_ever, reducing the transmission power level too far
resylts in undesirable signal to noise ratioé (SNRs) and bit error rates (BERs) at the

| recgivers. To maintain both the signal quality of communications and logv
fransmission 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 receijver.

- Upon rgception, the received signal power is measured, The received signal power
is compared to a desired reéeived éignal power. Based on the comparison, a control. |
bit is sent to the transmitter either increasing or decreasing transmission powerbya
fixed amount. Since the receiver sends a control signal to the transmitter to control
thg transmitter's power level, such power control techniques are cormmonly referred

to as closed loop.




the transmtter's power |evel, such power control techniques are commonly
referred to as closed |oop. -2 18 Cctober 2006 Under certain conditions,
the performance of closed |oop systens degrades. For inst&hOepbérf2006
conmuni cations sent between a UE and a base station are in a highly
dynam ¢ environnent, such as due to the UE noving, such systems may not be
able to adapt fast enough to conpensate for the changes. The update rate
of closed'loop power control in TDDis typically 100 cycles per second,
which is not s | f t i scl-oses
a nethod for nglidreglcﬁﬁﬁmc%fhuggngr%h é@%@%@&gwa@e‘%mﬁ%ﬁ &?gac? % ni nal
in a satellite comunication system The power control nethod has both a

cl osed- | od{PrARstanss, 6§emmumh9pémbehmnammd@bmatm arefiremrbighly t he
base station calculates the nobile termnal's power setting based on the

strengt h afyniiic @ividoah®nt, 80ch XPthd b UBisRahE| Siche éﬁeﬁ@' (ﬂtﬁb@%ﬁa station

takes into account the propagation del ays of the s systemin the
power set er m tlon For e e, strength of
the recei 3@38@@@;@?9 O COfppepsal E@eﬁé ﬁ?ﬂ"i‘g% fﬁﬁ@""’?"lﬁﬁﬁ%?ﬁ% to the
strength of the signal. received in the previ ous frarre The transmt power
of the nolpower cantralinTDB istypicsly 400 nydesmpirsecond whichd s nat swfficieng fom t he
observed signal strength. U S. Patent No. 5,542,111 discloses a nethod for

regul ati Ngagk§: Batigek, power control ‘of a mobil e station usi ng
| ong-termand short-termtransm ssi on power

WO 98 45962 A discloses a method for controlling a transmission power

Ie\;el of a mobile tcmﬁnal'in-a satellite communication system. The power control
method has both 2 close&-»loop and an open-loop element. For the closed-loop
element, the base station caIculatcs the mobile terminal's power setting based on the
strength of the signals recewed from the mobile terminal. The base station takes into
account the propagation delays of the satelhte system in the power sefting
' determination. For the open—lqop element, the strength of the received signai from
the base station in each frame is compared to the strength of tﬁe signal received in
 the previous ﬁame. The transmit power of the mobile terminal is adjusted inverselj-/
with the variations in the observed signal strength, |
U.S. Patent No. 5,542,111 discloses a method for regulaung transmission
power control of amobile statlon using Iong-term and short-term transmlssmn power
control. Long—tcrm power control occurs in a base station on the upper level forming
' aclosed control loop. A decision authority statement is communicated from the base

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




control. Long-ternmpower control occurs in a base station on the upper |evel
formng a closed control |oop. A decision authority statenent is

communi cated fromthe base -station to the nobile station. 18@etobér@006t er m
transm ssion power |level is determned -3 18 Cctober 2006 on the | ower

|l oop using an identifierof the long ternpower and the decision authority.

Accordin nee nat e approaches to mal ntain signal
qual ity ghﬁ‘ﬁ%&&&&hm l'ff? Bgﬁec&ldltl&@g?ﬂmmdﬁed W th one
aspect of- therfpreI;sjentI i nvention, there is prow ded an out er Ioop_wei ght ed,
open | oop netfHeep mgﬁ.oﬂlbrcoislam@edrfaﬂaltbﬁﬁt@ des m% 2 aase
upl'ex tec f&ﬂ

station enploying a spread spectrumti rre di VI SI on € havi ng
frames il gﬂd'rﬁ,@hgﬁm recei vi ng, durlng a first tine
slot, a %uoml%m cation sgqa% %EZI@JE r level; (b) nmeasuring a power | evel
of said received cormunl cation; determining a path. loss estinmate based in
part on the neasured power Ievels?wif recei ved power |evel; and (d)
setting a transm ssion power |eve ransm ssion during a second tine .

| ot based fact
ong torm pat A Foca oo iR 8hy v of ol SRk VAR bl B Rle "

| evel adjutatledpiweigkeediopen 66y gethoddiou sbikolling tmﬁﬁﬁssﬁbﬂ pewtt lestls and
second factors are a_function of a time separation of the first and second

time sl otahasy fatncenplayias awpierd sneetnire timesdiwision dnplen techrigeshavingiames on,

poere S ovilh Bea8ls Aol (8 rREUGO bl o FRP ARG SMRhmicaton © 21 @

including a power level; (b) measuring a power level of said received communication;

- determining a path loss estimate based in part on the measured power level and the
received power level; and (d) setting a transmission power level for transmission during a
second time slot based in part on the path loss estimate weighted by a first factor, a

~long term path loss estimate weighted by a second factor and a target level
adjusted by received target adjustments, wherein the first and second factors are a
function of a time separation of the first and second time slots.

In accordance with another aspect of the present invention, there is
provided a method for controlling transmission power levels at a base station
- employing a spread spectrum time division duplex technique having frames with time
slots for communication, comprising: a) receiving, during a first time s'lot, a first
communication target adjﬁstment and a first communication; b) measuring a
power level of the first communication; ¢) determining a path loss estimate based in
part on power level obtained at step (b); and d) settingl a transmission power
level for a transmission. of a second communication during a second time slot
based in part on the path loss estimate weighted by a first factor, a long term path loss
estimate weighted by a second factor, and a target level adjusted by the target
| adjustment, wherein the first and second factors are a function of a time separation of the

first and second time slots.
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enpl oying a spread spectrumtinme division duplex technique having franes
with time slots for comunication, conprising: a) receiving, during a
first tinme slot, a first comunication target adjustment HEdctebdri2fGi
comuni cation; b) measuring a power level of the first conmunication; c)
determning a path | oss estimte based in part on power |evel obtained at
step (b); and d) setting a transm ssion power |evel for a transm ssion, of
a second conmuni cation during a second tine slot based in part on the path
| oss estinmate wei ght edBRIER DESER iy &t§; | o0ss estimate

2 moﬁ?\?@q’a@m y the target

wei ghted by a second factor, and a target
t and second factors are a function of a tine

adj ust ment, whewggi.p..t LI
separ ati on’ of tﬁgg‘ﬂ%“ifgl'fsﬁﬁ S &PUOR At 1ML sysiens. - 3a 18 Oct ober 2006 BRI EF

DESCRI PTI ON OF i([l,—IE D%A?INNGS Figure 1 illustrates a prior art TDD system
Figure 2 illust e I'huﬁtrsﬂsmﬁmeisﬂntsﬁp@ba Frhd oD system
Figure 3 is a flow chart of outer | oop/vvei%ed g%éﬁ% oop-ggsg%é‘r control .
Figure 4 is a dFgeradi9h fERIBR t [oX0) ni cation stations using
out er | oop/ wei ghted open |1 oop dgg%(?ut%];lr??\ﬁg‘f@g%t?P@nFBOQEP@ngmiﬁrodlf t he
wei ght ed open | oop, weighted open | oop and

per f or mance of ﬁg{ler l'OOFc){i
cl osed | oop powerULoRis Bidiagramehcompogents of twe canghaiibatiin $thGors i, SYSt s
performance in terms of Block Error Rate (BLER). . £

outer loop/weighted open loop power control.

Figure Sis a graph of the performance of outer loop/wcighfed open loop
weighted open loop and closed loop power control systems.

Figure 6 is a graph of the three systems performance in terms of Block Error

Rate (BLER).

“DETAILED DESCRIPTION OF THE PREFERRED EMBOi)IMENTS
. The preferred embodiments will be described with reference to the drawing.
figures where like numerals represent like elements mrpughout. Outer
loop/weighted open loop power control will be exﬁla@ned using the flow chart of
Figure 3 and the components of two si@ﬁﬁed communication stations 110, 112 as
S%IOWII in Figure 4. Forthe following discussion, the communication station having
.its_ transmitter's power controlled is referred to as the traﬁsmitting station 112 and the
communication station receiyin g power controlled communications is r,efer.red to Aas
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 |

havi_gg:its power controlled may be associated with the base station 30,, UE 32, or
‘ _ ( v Das s 1

4.
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: DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The preferred

Carray, st&pT

enbodi nents will be described with reference to the drawing. figures where
| i ke nunerals represent |ike elenments throughout. Quter | ®opétumir@ghoed open
| oop power control will be explained using the flow chart of = Figure 3 and.
t he conponents of two sinplified communication stations 110,112 as ‘shown
in Figure 4. For the foll ow ng discussion, the comrunication station having
its transmtter's power controlled is referred to as the transmtting

tation 1lgotAndAke i S)TI‘H!T (N [ egeivin ower controll ed
comm Berdisay] Pgﬁagﬁﬁﬁlﬁtgﬁ?;c@?@frﬁ(gb\é%@? iq%,qtrﬂ@;e upetghout er

communi cations is refertred
uplink,. downlink or

| oop/ wei g gpen J 00 ower control may be used for
bot h t ype?%%g"’@&nﬁﬂﬁinﬁf?gﬁ“ﬁm Statien's companenteare draociatpd with bowethedgs r ol | ed
may be associated with the base station 301, UE 321 or -4 18 Cctober 2006

bot h. Acceétagiong0y andiTEB2j.h upl i nk and downl i nk. power control are used,

the receiving and transmtting station's conponents are associated with
ing station 110 receives

both the base TgEaid - E 321. The receiyi t .
various radio frequdgﬁ‘gggg%élﬁg%Hirﬁcc?f‘(f"&ivﬁﬁou%mﬁpﬁ&%ncdﬁsgﬂﬂwmmmg
transmtting station 112 using an antenna 78, or alternately, an antenna

RICAYONS cldemy dhe dtagismittingr satiors SHP tisiipo e ha@Bnnd 78! gjor 66 to
a denodul ator 68 to produce a baseband signal. The baseband signal  is

b ocessessliamailyom teang g ator 8] Th AU AR/ B b ASUSARRALIT L
the tr ah.siﬁbfa’édr% to a demodulator 68 to produce a baseband signal. The baseband signal -
-1s processed, such as by a channel estimation device 70 an& a data estimation device
72, in the time slots and with the appropriate code_s assigned to the tr.ansmitting
' ‘s‘tation's communication. The. channel estimation device 70 corumonly uses the
training sequence component in the baseband signal to provide channel information,
~such as channel impulse responses. The channel information is used by the data
“estimation device 72, the i-nterference measurement device 74, and the transmit
power calculation device 76. The data estimation device 72 recévers data from the
channel by estimating soft symbols usin g the channel information,

Prior to fransmission of the communication from the transmitting station 112,
the data signal of the ‘communicaﬁon is error encoded using an eﬁor
deteétion/correcﬁon encoder 110. The error encoding scheme is typically a circular'
redundancy code (CRC) fol}qwed by a forward error (-:or'rection encoding, although
other types of error encodin g schemes may be used.

Using the soft symbols produced by the data e;stimation device 72, an error

detection device 112 detects errors in the soft symbols. A processor 111 analyzes the
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station's comuni cation. The.channel estimation device 70 commonly uses the
trai ni ng sequence conponent in the baseband signal to provide channel
informati on, -such as channel inpulse responses. The chak$@¢toban2@iérati on
is used by the data .estimation device 72, the interference neasurenent
device 74, and the transnmt power calculation device 76. The data
estimation device 72 recovers data fromthe -channel by estinmating soft
synbol s using the channel information. Rrior to transm ssion of the -

conmuni caj, Lt t 3l t he data.sigpal,of the
conmmuni-c Z{ﬁt%ﬂecf é—?@@r %@?degﬁ@gmﬁ 5&3 %ljetﬁg Begcgv&éltcgg:qngﬁp %lﬂ“r' g@m encoder
110. The error encoding schene is typically a circular redundancy -code
(CRC) f olBaseddnitheerfaymater theqprocsssant tledetermines thelamoung if gy ahtarget her
types of error encoding schenes nay be used. Using the soft synbols

pr oduced t hs [ ' . rror {4 0 kce 112
detects é?or/etl)’rs?%lﬂ %Qﬁ%&?gélgﬁﬁ&ﬁggﬁlg&e&@%g%@ & 3? Or TARGHT )'£%§{1§§’e © %EX& 5 18

Oct ober 2006 detected error, and d{ﬁ}erm’ nes an error rate for the received

conmuni cat fsrranspafingostatione kb stap 4the Bapadopn the determine amount ertarget

determ nes the anmount, if any, a target |evel, such as a target signal to

i nt er f er qafsuheit ndi$ FiARaEd by the efget ljRenehepaRato 14N THe" 1 tting

station 1121,@ step %t(l) B(?éed on g'he degermjned anbunt, a target JEnust ment
4. _The target

signal i r at.ed t he,tarqget adjustnent generatqr

2 ot meRArEESR 48 Guleabifnd B D B R e REGT Qom o TS fargehs The
target - adjustnent is signaled to the transmitting station 112, such as
using a adjysieannéds signaled to the transmitting station 112, such as using a dedicated or

areference channel.

One technique to determine the amount of adjusﬁnent in the; target.level uses
an upper and léwef threshold: If the determined error rate exceeds an upper
threshold, the target Ie.vel is set at an unacceptably low level and needs to .be
increased: A target level adjpstment sig:uai is sent indicating an increase in .the targét

- level. If the determined error rate is below.a second tﬁeshdld, the target level is s;et
atan mwessaﬂy high level and the target level can be decieased. By reducing the .
target levei, the transmitting station's power level-is decreased reducing interference |
to other communications using the same time slot and spectrum. To improve
pgrformance, as sdon as the error rate exceeds the upper lnmt, a tafgct adjustment is
sent. Asa result, high error rates are improved quickly -a;nd lower error rates are
adjusted slowly, such as once per 10 seconds. I 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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a reference channel. One technique to determ ne the anount of adjustnent in
the target |evel uses an upper and |lower threshold. If the determ ned
error rate exceeds an upper threshold, the target |evel il8 Gadbeal0mn
unacceptably low | evel and needs 'to be increased: A target |evel :
adj ustment signal is sent indicating an increase in the target level. If
the - determned error rate is below a second threshold, the target level is
set at an unnecessarily high level and the target |evel can be decreased.

By reduci n® fidve an criod S&Su @ €incrddifhudd S Wdl dsile S5 ANLON 2 %ﬂl{@'eg; el ls

decreased reducing interference to other conmaunica

time slot ctrum To inprove . performance, as soon as the error rate
exceeds th@ﬂ%ﬁ‘%@ﬁ Sﬁ‘Fﬁi“F,l-g tpgf &&esﬂ?d@ﬁmchg ersanrate (BLER)eauhtget hi.gh
error rates are inproved quickly and lower error rates are adjusted
slowy, suslivsigenhée sentr inteeasingohdsardet 6. €T Qidjiitithe i SIRDEL Weegp gihe
threshol ds, a target adjustnent is not sent nmaintaining th AT target

| evel .  Apptankiitinbestaiay ni ts tem usi n and FEC encodi ng
foll ows.  Each CRCle ock ??’gﬁggﬁ%gﬁﬁ)lr% %ﬁ er PeET By tgﬁeﬂwﬂ' Wrelsi s

determ ne&p. 18. Cct ol())?r 006 to _have an error, a counter is
i ncr ement .m%p Wbifngs H@%&Jm%@eﬂﬁﬁwmr@ﬁ@lcftahws&hodmhtemdch as
1.5to 2 tines the desired block error rate (BLER), a target adjustnent is

sent i ncr exededg a predetmrmited Kmit| suchoasa 8Os bldcks, thb R;mﬂﬁtcc}d??er i
“transmtting station. 112, the increase in the SIRTARGET I's sen (§I Rl NG ,

which i's cémphealtbh fofved thaRia Sich a80.5R 68 dndPine LsiOFRP ML) £f CRC

frames encount ered
number of counted block errors is below the lower threshold, a target adjustment

signal is sent decréasing the target levél, SIRpge A ‘typical range of SIR . is 0.25
“to 4 dB. The value of SIRpge may be based on.SIR,Nc and a target block error rate,
BLER ¢, roer The .BLERTARGET is based 611 thc;, t&pe of service. A typical range for
the BLER4pger i5 0.1% to 10%. Equation 1 illustrates one such approach.for
détermining STR .
SIRpge = STRpye X BLER pprgpr/(1 - BLER papcer) - Equation 1
' If the count is between the thresholds for the predetermined block ]imit,-a target
adjustment signal is not sent. |
Alternately, a single threshold may be used. If the errér rate exceeds the |
threshold, th_e target level is increased. If the error rate is below the threshold, the
targetis decreqscd. Additionally, the target level adj ﬁstment signal may have several
adjustment levels, such as ffom 0dB to x4 dB'in 0.25 dB increments based on the

difference betwecn the determined error rate and the desired error rate,




exceeds a predetermned limt, such as 1000 bl ocks, the value of the
such as 0.2 to 0.6 tinmes the

counter is conpared to a | ower threshold,

desired BLER |If the nunber of counted block errors is belddVetdbdee200b0er

threshold, a target adjustnent signal is sent decreasing the target |evel,
range of SIRDEC is 0.25 to 4 dB. The val ue of SIRDEC may

S1RDEC.. A typi cal
be based on SIRING and a target block error rate, BLERTARCEF. The
BLERTARGET i s based on the type of service. A typical range for the

BLERTARCET is 0.Tié timtedf@féncEdnaisubtindnt ne._such ap oach f or
determi ning Sl RDEC SIRDEC = SIRR, | céll}<t gﬁ%@cﬁf(‘ﬁ e%‘?_IEWEA P Hfbation
é}BI ds for the predeterm ned bl ock

1 If the gy nthethe 0
limit, a tar get ésdtﬂ ggelﬁeﬁﬁ Hense ber’(ﬁ 11 &B ¢, Within theathaenelabaded, orfeifiieP fHee
t hreshol d rrgl be . used If the error rate exceeds the threshold t he target

level is ilf arformatiorh er trersoft syatbels genbikak aitH@déﬂﬂr ?@BQ vﬁﬁ?ﬁ ar get -
igna ave

I s decreased. Additionally, the target |evel ust nmen
4 dB in 0.25 dB increnments

I of Usthre
several adf Wsihg Bl §°ﬁ\,\§@,b°?i§£§je Wq tpr@apgp, ther ammpit meavedesi r ed

based-on the difference bet
2006 The interference neasurenent device 74 of-

error rate alcuzl &g %btob

the receiving Srati 8%“’? mﬂ%ﬁhﬁéécqlmglStﬁtmnfsermnﬁssﬁtﬁy?bwbﬁlﬁab RS,
within the channel, based on either the channel infor i on, or the soft
symbol s gmmngOﬁmw@ﬁﬁ&MI on device 72, or both. Using the

soft synbols and channel information, the transmt power
- For use in estimating the pathloss between the receiving and transmitting
stations 110, 112 and sending data, the receiving station 110 sends a communication
- to the transmitting station Ilé, step 41. The communication may be serit on any one
of the various channeis. Typically, in a TDD system, . the channels used for
estimating pathloss are referred to as reference channels, -although other channels
@ay be used. If the receiving station 110 is a.base station 30, the communication
is preferably sent over a downlink common channe] or a.common control physical
f:hanncl (CCPCH). Data fo be communicated to the transmitting station 112 over the
' réfcrence channel is referred to as reference'channél data. Tl;e' 'refercncc data may
inclnde, as shown, the interference level, Ipg, multiplexed With other reference data,
such as the transmission power level, Tgs. The interference level, I, and reference
channel power level, Iy, may be sent in other channels, such as a signaling. channel. |
The reference channgl data is generated by a reference channel data gene:mtor~
56. The reference data is assigned one or multiple resource units based on the

communication's bandwidth requirements. A spreading and lrainiﬁg sequence

msertiggdevice 58 spreads the reference channel data and makes the spread
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cal cul ation device 76 controls the receiving station's transn ssion power

| evel by controlling the gain of an anplifier 54. For use in estimating

t he pathl oss between the receiving and transmtting statilk@3ctdikp202 and
sendi ng data, the receiving station 110 sends a communication to the
transmtting station 112, step 41. The conmuni cation maybe sent on anyone
of the various channels. Typically, in a TDD system . the channels used for
estimti ng#%?rthl odsas are referred to as reference channels, although other
channel s e datidiine-nfultiplexed odihd thanis n 3.0,,
the. communication is prefgrably sent ov%?éque%%e\]}%?fllén oﬁﬁ%ﬁﬁ%}‘?é or a.
common conrndy to be conmuni cat ed to t he
transmtting gtd g{?ﬁﬂ#ﬁ%ﬁg@@é@gﬁc&%ﬁ@w@ &ﬁﬁ%’l‘eq@ ip geferredth asa as

ref erence channel dat The reference data nmay include, as shown, the

i nt er f er efCEIYYEAUON, pigst. nfhe ppmmuca&iomrbmthesubseqﬂeman@ﬁr@d by%ch as
the transm ssi on power IeveI TRS. The interference |evel, and

r ef er enceanphifiengl. Pheam, hﬁkﬁ@b it | nn | s, such as
P P e iodiod b%éﬁﬁyhcﬁr&ngfél’@ﬁu CYICEef er ence

a signaling channel. The reference channel I's gen
erence data is assigned one or nultiple

channel d The re
82 3yige Eﬁg ?)Elfb('i)‘ ?r hp&s&p{e@ eNipes, syoh mereddts. A

resource units
spreadi ng and t ﬁﬂg nlng sequence i nsertion device 58 spreads the reference
channel d8%u¢Taf dinggneldraining sequent8inSettivnalcya08n alEARpERGS4dat a

rime-multiplexed W|th a training sequence in the appropriate tlrre slots

and codes of tTie ReahENEGMERHRER B S JQ&IB%& YUyd B RISl e S

referred to as a
nodulated signal is passed thorough an isolator 66 and radiated by an antenna 78 as

shown or, alternately, through an antenna alray The radlated s1gna1 is passed
through a wireless radio channel 80 to an antenna 82 of the transmitting station 112.
The type of modulation used for the transmltted communication can be any of those
known to those skilled in the art, such as direct_ phase shift keying (DPSK) or
uadrature phase shift keying (QPSK).

The antenna 82 or, alternately, antenna array of the transmitting station 112
receives various radio frequency signals lncludmg the target adjustments. The
received szgnals 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 Qevice 90, Iin the time slots aﬁd with the appropriate
codes assigned to the communication burst of the receiving station 110. The channel
estimation device 88 commonly uses the trainiﬁg sequence component in the

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




comuni cation burst. The conmuni cation burst is subsequently anplified by
an anplifier 60. The anplified comunicati on burst nmay be summed by a sum
devi ce 62 with any other comruni cation burst created throidghcteleyl@@s, such
as a data generator 50, spreading and training sequence insertion deVice
52 and anplifier 54. The summed conmmuni cation bursts are nodul ated by a-
nodul at or 64. The nodul ated signal is passed thorough an isolator 66 and
radi ated by an antenna 78 as shown or, alternately, through an antenna

array: TheTha¢hadRd iffddRatioh: hy ough.a wirel ess radi o channel 80
to an antenna 82 of the tPg%?ﬁF??ﬁ?ﬁ’ @%é{a?.q)ﬁstﬂg;on dguiceyYband arpadedrat i on
used for the transmjted conmunication can be any of those known to those

skilled inn}eﬁ%lre&p?r}t 18 %5 direct phase shift keying (DPSK) or quadrature

phase shift keying (QPSK). The antenna 82 or, alternately, antenna array of
I gnal s

the transm tti Ahespatveotevll 2of ﬂﬁcﬁﬂo\é%eﬁaédnﬁﬂﬁ%jrcs'é}ﬂé{o%r%gﬁfgun zégh@ hr ough

I ncl udi ng the target adjustnents.” The receive

an isol at gefd dul ator 86,10 produce a baseband signal. The
baseband si gné‘c:&?;sﬁ%&g’c s Lneasyees é&ﬂwoé”mﬁﬁﬁ@remsutidwidecﬂz aidled¢hee 88
and a data estimation device 90, in the time slots and with the appropriate

codes assi'gA@athiess epdmadomdayica®dostep U0s Barh thd\ehanePe ool &bl cg%cti’l- 10. The
0

~channel estimation device 88 commonly uses the training sequenc ponent
e, Danbtiis canghudy ey ot gtk oE LI A BUER RS0
the _dat & fdd ﬁ%thgpch%%ﬁé 3 1Pan Snonatn cg)_Yveai;:lrcontrql device or amplifier is used for
: processiﬁg the_ received signals, the measured power level is adjusted to correct for
the gain of these devices at either the power measurement device 92 or pathloss
_esti_ination device 94. The power measur_em_ent device is a component of an outer
loop/weighted open loop controller 100. As shown in Figure 4, the outer
loop/weighted open lgop controller 100 comprises the power ﬁemuremcnt device
92, .pathlgss estimation dcyice‘ 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, Tps. The communication's transmitied
- power levgl, Tgs, may be sent along with the comﬁiunicati_on's data or in a signaling
~channel. If the power level, Ty, is sent along with the communication's data, the
data estimation device 90 interprets the pqw‘er level aﬁd'sends the interpreted power
level to the pathloss estimation device 94. If the receiving station 110 is a base

statton 30,, preferably the transmitted power level, Ty, is sent via the broadcast

_channel (BCH) from the base station 301. By subtracting the received -
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measur enent device 92. The power |evel of the processed comunication
corresponding to the reference channel, RTS, is nmeasured by the power
measur enent device 92 and sent to a pathloss estinmati on déWwashed2006st ep
42. Both the channel estinmation device 88 and the data estimation device
90 are capable of separating the reference channel fromall other
channels. 1f an automatic gain control device or anplifier is used for
processing the received signals, the neasured power. | evel is adjusted to
correct - f | deyd ﬁ]ﬁﬁ : =18 ment '
devi ce gzegmgﬁaﬁgggpeﬁgg@?%%{mﬁb evFgéentgg. %%&W%%@@?ﬁeﬁi T device
.is a conponent of an outer_ | oop/weighted open |oop controller 100. As

shown i n levglides. 4le pathlose estimatiosbiiwied Ahesimapethe pstiblaserkrbstween 0
conprises the power neasurenent device . 92, . pathl oss estimation device
94, qual i gy SRASH BIE T 2088h 43, Kuditiehdl ,a‘l@ﬁ@ie?mé&ﬁh‘nﬁ@oﬁﬁi’ei%%ﬂﬁsé,ransmt

power cal cul ation device 98. To determne the path | oss,
nication'.s transmtted

transmttjng station 11 ‘SO requires. the co
power Iev]ied’ Is up aWeSf@Br@uﬁ‘Fa%aﬂ'ﬂ’T%o % lng term Rethloss petfimeteyen lonpgtmnay be
sent along with the communication's data or in a signaling channel. If the

power | evaeragRThe ngantm averge of the pathloss iy, it aeavangs of diapathias dat a
estimation device 90 Interprets the power |evel and sends the interpreted

10071 ¢ o GinaleR, 1 ubh Yy GatorR b PR bP ARG e O BRI TS e

sent via the broadcast channel (BCH) fromthe base station 301. By

b}

subt r act i ng pseseiviagsiafion 1) may transmit a rcferqncc or the transmitted power

Ievel. Inthatcase, the pathlosé estimation devicé 94 provides reference levels for the
. patliloss, L. |

| Since TDD systems transmit dow;alink and uplink communications in the
same. frequency spectrum, the conditions thesel communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
: ioss experienced for the downlink will also be experienced for the uplink and vice
: vérsa. By adding the esﬁmated path loss to a target level, a transmission power level
for a communication from the transmitting station 112 to the receiving station 110

i; determined. |
If a time delay exists between the estimated path loss and the transmitted
communication, the path foss experienced by the.transmitted communication may
- differ from the calculated lé_ss. In TDD where communications are sent in differing
time slots 36,-36,, the time slot delay between received and transmitted
cbmmunicaﬁons may degrade the perfon;nancc of an open loop power control

system. To overcome these- drawbacks, weighted open loop power control
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18 Cctober 2006 comunication's powerlevel, RTS, fromthe sent

comuni cation's transmtted power |evel, TRS, the pathloss estinmation
device 94 estimates the path loss, L, between the two st al8i@nsbei2@)6 112,
step 43. Additionally, a long termestimte of the pathloss, Lo, is

updat ed, step 44. One exanple of along termpathloss estimate is along term
average. The long term average of the pathloss, L 0, is an average of the
pathloss estimates. In certain situations, instead of transnitting the

transmitted paower level, TRS, .the recejving station 110 may transnit a

r ef er enceddtenmingishe Aof theestipwiad palitloss tstnga qality saseurcmeat gedes os's
estimation device 94 provides reference |levels for the pathloss, L. Since
TDD systens transmt downlink and uplink comunications in the sane
frequency spectrum the conditions these -conmuni cati ons -experience are
simlar. This phenonenon is referred to as reciprocity. Due to reciprocity,
the path |oss experienced for the dowmmlink will also be experienced for
the uplink and vice versa. By adding the estimated path loss to a target

| evel, a transm ssion power |level for a comrunication fromthe
transmtting station 112 to the receiving station 110 is determned. If a
time delay exists between the estimated path loss and the transmtted
communi cation, the path | oss experienced by the .transmtted communication
may differ fromthe calculated |oss. I n TDD where conmuni cati ons are sent
indiffering tinme slots 361-36,,, the tine slot delay between received and
transmtted comunications nmay degrade the. perfornmance of an open | oop
power control '
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system To overcone these drawbacks, weighted open | oop power control -11-

18 COctober 2006 determnes the quality of the estinmated path | oss using a
qual ity neasurenment device *-Illa 18 Cctober 2006 96, sted843ktoten2i00sei ghts -

the estimated path |loss accordingly, L, and long term average of the
pat hl oss, - Lo. To enhance performance further in outer | oop/weighted open
| oop, a target level is adjusted. A processor 103 converts the soft
synbol s produced by the data. estimation device 90 to bits'and extracts

the t t 9gdinept ' .0 a SIRTARGEr adjustment. A
get bpdare ovi e e e By ted ol tofs sordibsy Loiead long geim

target update device 101

adj ustnents, step.46. The target level may be a SI| 2TARCer or a target

recei ved ﬁ% e IPagilossador ecei vi ng station 110. The transmt power

cal cul ati on device 98 conbines the adjusted target level' with the wei ghted
Ss estimate, Lo,

path | oss esti o epharlce prAbrnaRe fuehe? ﬁv(?ftgx,?ﬁtoﬁém%iggtﬁg ﬁtp?zlg fqﬁ?, adaeehn

to determne the transm ssion power |eve -
nication fromthe transmtting

step 47. Qa{ad i F}la r  tted. i,n a co
station 112 i‘gsgdrgﬁ?ﬁcggf’ ot &@&H@‘r’%{@cm Symbelsguoduded ter therdata
detection/cqrrection encoded by error detection/correction encoder 110.

The error “EHEBHER davica IDdo bits andiexpmatts ﬂﬂeftﬁgﬁuﬁdjhﬂhﬁﬁ?ﬁﬁdﬁﬁdﬁoﬂi Sal ! N9
sequence by the training sequence insertion device 104 in thé& appropriate
tinme sl ot 3dRd,codelusdinehl A 825d 0P8 HEGRY 16 F a(!ljm;tts %e%r%%t eivglgusing the
target adjustments, step 46. The target level may be a SIR pypeer OF a target received -
- power level at the receiving station 110, .. ’
The transmit power calculation device 98 combines the adjusted target level”
with the weighted path loss esﬁmate,.L, and long term average of ﬂ;m pz;thloss
estimate, Lo, to determine the transmission power level of the transmitting station, |
step 47,
Data to be trzinsmittcd in a communication from the transnﬁtti;ig station 112
is produced by data generator 102. The data is error detection/correction encoded
'.by etror detection/correction encoder 110. The error encoded data is spread and
time-multiplexed with a fraining sequence by the training_ sequence insertion device
104 in the appropriate time slots and codes of the aSsignf_ad resource units producing
a communication burst. The spread signal is amplified by an ampﬁﬁer 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 det;annined

transmission power level. The power controlled communication burst is passed -

through the isolator 84 and radiated by the antenna 82. .
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a conmuni cati on burst. The spread signal is anplified by an anplifier 106

and nodul ated by nodul ator .108 to radi o frequency. The gain of the
anplifier is controlled by the transmt power cal cul ati onl8d@stolze 2088 t.o

achi eve the determ ned transm ssion power ‘level. The power controlled
comuni cation burst is passed through the isolator 84 and radiated by the
antenna 82. -12 18 Qctober 2006 The followi ng is one outer Ioop/vvei ght ed

open | oop povver control algorithm The transmtting stations's transm ssion
ng Equation 2. PTS =

power | evel 1S, is,determ ne
ST RTARGET + | R gfdl%ﬁé’ ‘ﬁ%}&ﬂ%"b‘@ I%@?M%%)mwmnml algeriGinRT ARCET
has an adjpusted value based on the received target adjustnent signals. For

the downl fRkTaRgBiting stagons/sirasmissiGh PowBoRvel & deRibils, &, tlbgeq: ttl ng
station .112. For uplink power control, SIRTARour is si gnal e rom

recei vi ngusisg Eqeatioh) to the transm tt| ng station 112. Additionall y, a
maxi-mum and m ni mum value for an adjusted SI RTARGET may al so be signal ed:

The adj usted %l RT%(F?[%QA lim hﬁito t he_maxi num and. m ni mum val ues. | RS
is the neasuré ™F FiGﬁt'éJlFSe"f@ d0) Hduer CONSTANT VALUE c Bquiatipns? at i on
110. L is the path loss estimate in decibels, TRS - RTS, for the nost

recent tine siide SIB§kcaBiastahatdjuste] mﬁ&bés@&%n\mére%éf\ﬂeﬂ‘iérﬁ é@e | ong
termaverage of the path loss in decibels, is the runni of the

station 112. For uplink power control, SIRTARGE-; is signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted SIRy,pqe may also be signaled.” The adjusted SIR t4rasr i8 |
limited to the maximum é.nd minimum vah_les. Igs is the measure of the interference
“power level at the receiving station 110. |
| L ié the path loss est?'matc in decibels, Tyg - Ryg, for the most recent time slot
36,-36, that the path loss was estimated. L, the long term average of the path loss
in déCibels, is the runnipg_ average éf 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 compensate for differences in uplink
and downlink gain. Addj‘tionally, the CONSTANT VALUE may prdvide correction
if the transmit power reference level _of the receiving station is transmitted, instead
- of the actual.transmit power, Tys. If the receiving station 110 is a base station, the .
CON S'I‘AN'I“ 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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t he uplink and downlink channels, such as to conpensate for differences in
uplink and downlink gain. Additionally, the CONSTANT VALUE mayprovi de
correction if the transmt power reference |evel of the rga@iwbango® ati on -
is transmtted, instead of the actual transmt power, TRS. If the !
receiving station 110 is a base station, the CONSTANT VALUE is preferably
sent via a Layer 3 nmessage. The weighting value, a, is a neasure of the
quality of the estimted path loss and is, preferably, based on the nunber
of tinme sl ansof3thk Rt he 1 -13 18 t ober 2006 n, of
the last path |oss esﬁ%@ggggﬁfaﬁéeaﬁgr@%%’{sm Bétd?%@lﬁecmmhaﬁami on

transmtte Lhe transmttjing station 112. The value of a is between zero
and one. . a@a%?ﬁ%@y @PW@%S@&W 12 The welupetn is BaweeDed RldHres

smal |, theéqec%lt %ati)g |l oss estimate will be fairly accurate and a’'is set
at a val ue Gangmdin tmeRljfferents Betveen thd (Se sig ifference is large, the
path |l oss estimte nmay not be accurate and tﬁé@%é%@rﬁ%@f%a@@%&h | oss
measur enenkestirBatBRE1 ek ttaer estimate for the path |oss. )
Accordingly, a is set g’?ﬂ”é"@é‘?@e“}‘g%ﬁéfﬁ 8 VaHke clesgia onenBy sonimabt 4f thiee
equations [ termninga a=1- (D-1)/(D,,,, 1) Equation 3 a = max:{
1-(D-1)/ (-Dﬁ?{ej’fﬁ%‘m@ lf)lﬁf%e,) epithdossies lﬂmaynb&htaca:raicsaﬁd\ﬁeﬁ@%fmo‘c time
slots 361-36" bel'fuimt/}elen the tine slot of the last pathloss esti e and the
Cfirst tineavrage pathtloss meaneethériiad ORI 3t Sl WL L be referred to
as the tine slot delay. If the delay is or‘?g tqcﬁgrguéﬁaﬁefoﬁ'g‘eoﬁ’%h lpge X i's
Accordingly, o is set at a value closer to one. :

Equations 3 and 4 are equations for determining .

a=1-(D-D/(D,-1) Equation 3
0 = max {1-(D-1)/ Dy - atioweq <1, 0} Equation 4

'Ijhe value, D, is the number of time slots 36,-36, between the time slot of the last

- pathloss estimate and the first time slot of the transmitt;:‘d communication which will
‘e referred to as the time siot delay. If the deléy is one time slot, « is ;one. D, is
the maximum possible delay. A typical value for a frame having ﬁfteeﬁ time slots
is seven. If the delay is D, « is zero Diax-attowea 15 the maximum allowed time slot
delay for using open loop power cgnrrol. If the delay exceeds D rratiowess OpED loop
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 powe.r
61“ the transmitted communication is set.

Figures 5 and 6 compare the performance of the weighted oufer loop/open

loop, open‘loop and qlosed loop systems. The simulations in Figures 5 and 6 were
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t he maxi num possi bl e delay. A typical value for a frame having fifteen tine
slots is seven. If the delay is Dom a is zero Dio,wis the nmaxi num
allowed tine slot delay for using open | oop power contr oll8 Qdiokch@0@el ay

exceeds D~_mtoWd, open |oop -power control is effectively turned off by
setting a = 0. Using the transmt power |level, Ps, determned by a _
transmt power cal culation device 98 the transmt power of the transmtted

comuni cation is set Figures 5 and 6 conpare the perforfmance of the
sed | oop systens. The

i ght ed Per. 4 &
vei ght e Ogbﬂbrﬂmé’d)?éPQ%gg%%ﬁ@‘f?{g tover: l%ﬁqugtrﬁgﬁ%%eloogbwghq@drdwndﬂdpf or a

simulations in Figures
slightly different _version of the outer | oop/weighted open |oop algorithm

In this vefSPBHIM: ke this vgsionsite tsget SER isdipdardyevblpblock A SKELARGEE. | s
i bl 6&%Terror was

increased if a block error was detected and decreased if no

det ect ed. - inGreasalif & bldakaRlioteiaAeRdi ARG d-CRRs a?hg m&%%%gggéghiﬁ%gw&

Equation 3 was used to calculate a. The sinmu I"'ONS
a UE.s 32, transm ssion power |evel.

per f or mane t: controllin .

or the o) ub)GaBAia BRI ORch lodnsvaepaued Hanatens. Blauition Susbesed

sinmul ation, each block was 4 franes. A block error was declared when at

least two % sticwite derFhsrsimolations eomparad tegeiformitoctdih s%ﬂ@&ﬁ&&%#li on

channel is assigned one tinme slot per frane. The targe or the §ck error
he simul ati ons

hadrese the - pert orieetARirpol MRS FEPulNARMafiold ABTSRCHIS werd pagdad 30

address the performance of these systens
kil ometerg u The si.nul ated base station used two antenna diversity
for receptyégﬁ%\l/ébghi%%l’fnﬁﬁéb gl '

ARrgack block was 4 frames. A block error was declared
| when at least two raw bit errors ocour over a block. The uplink communication
channel is assigneq one time slot per frame. The target for the block error rate is |
10%. The STRyypepr 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
| 'haying_ a three finger RAKE receiver. The simulation approximated a realistic
channel aﬁd SIR estimation based on a midamble sequence of burst type 1 field in
the presence of additive white Gaussian noise (AWGN). The simulation used an
International Telecommunication Union (ITU) Pedestrian B type channel and QPéK
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 ref:ent downlink time slot, The delay is expressed by the

number of time slots. Eg is the energy of the complex symbol. Figure 5
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having a three finger RAKE receiver. The sinulation approxi mated a
realistic channel and SIR estimtion based on a m danbl e sequence of burst
type 1 field in the presence of additive white Gaussi an nd QaolfcAU) . The
simul ati on used an International Tel ecomunication Union (ITU) Pedestrian
B type channel and QPSK nodul ation. Interference |levels were assunmed to
have no uncertainty. Channel coding schenes were not considered. Lo was:
set at 0 db. Graph 120 of Figure 5 shows the performance as expected in

terns of tldemonstentis e, FHeNOa; 10-1 as a function of time delay
between the uplink tine Sﬁg?ﬁggﬁ?ﬁeﬁégﬁ%g{;e Arisnpredpthe performamte.  The

del ay is expt by .the nunper of time slots. Es is the energy of the
conpl ex syég'gfa.s &Iﬁﬂaﬁ’%g Systemys alrgostddensionl motet ofieeinhséd Gﬁ@ﬁldo&ﬁf}’srew]en
gain/interference uncertainties are ignored, the performance “of the

conbi ned sTb@éWbbledlsmtsmmdp&lfémﬁlthé@lds@@!o@fsg\ﬂghgfbtr%ﬁfﬁfn | oop system
op system

The conbi ned system outperforns the closed | Y311 del ays. In

the presence ofInGRé Predfithel f e-uncertainties, the transmtted power.
| evel of the open Igop sfsdt?g%{nl@dg@feﬁ@fechdmﬁ?%nﬂ?&ﬂb"drarxsmitxédpbweﬂom nal

val ue. I ny W{&hlzz of Figure 6, a gain uncertainty of -2 dB was used.
Figure 6 SRo {£0Pe8 lepp s¥stemiis eigher éeo bightdréoalkivays th’éh@:ﬂﬁﬂhﬁ@ﬁer f erence
S1IRTARGET for each systemwas set to its correspondi ng nom nal val ue

bt ai ned & FZaf Fighrein ' i 6 sh
Chedi e S AR o T A

that, in the presence of gain uncertainty, bo Ll
loop syst BIEEREN AMRHOAEF B8 Tbfa§ tTRE Hiar T8 LEL Eﬁiﬁé‘; i%orfach system was
- setto its corresponding nominal value obtained from Figure 5, in order to achieve

‘aBLER of 10". Figure 6 shows that, in the presence of gain uncertainty, both the

combined and closed Ioop systems achieve the desired BLER. The performance of
the Weighted open loop system severely ‘degrades; |

. s % *
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t he wei ghted open | oop system severely degrades. -16 18 COct ober 2006
CLAIMS: 1. An outer |oop/weighted open | oop nethod for controlling

transm ssion power |levels at a base station enploying a sii@adbg208& r um
time division duplex. technique having franes with tine slots, conprising:
a) receiving, during a first time slot a conmunication including a power

| evel ; b) measuring a power |evel of said received comunication; c)

det enni bing a pathl oss. estinmate based in part ont hemeasuredpower |evel and.
t he receiﬁg&_ﬂéwer | evel ; "and d) setting a transmission power- I'evel for
transm ssi.on during a second tinme slot based in part on the path |oss
estimate weighted by a first factor, a long termpath l'oss esti-mate

wei ght ed by a kecodt dutetiosp/aeighd Mbphﬁﬁﬁhfﬁ%dﬁ%ﬁ&g%@hﬂﬁ&éprget

adj ust nents, wherein the flrst and second factors are a ati

Fepar at | oot ot e g APy SRRl oS oF L BB AR ST L
I t f th | t t f d
[east 110 B HRSANALSERRRsg! P2 055, O3 Teomprising - 17 18

Oct ober 2006 . . .
_ a)  recciving, duting a ﬁmt time slot, a cuminumcation including & power leve];

IJ

b)  measuring a power level of said received eommumcaﬂon,

c)  determining a path loss estimate based i mpart onthe measured power level and
the received. power level; and

d)  sefting a transmission power level for transmission during a second time slot
based in part on the path loss estimate weighted by a first factor, & long term path loss
estimate weighted by a second fuctor and & target level adjusted by received target
adjué‘hneﬁts, whereiti the first and second ‘facmrs are a function of a time séparaﬁon ofthe

first and second time slots,
2. The method of claim 1 further comprising:
dctennmmg the long term path loss estimate based at Jeast in pa:t upon an, nverage

of path loss estimates of recelvad commmncaﬁons

3. The method of claim 1 further cotnprising:
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determining a quality, a, of the path | oss estinmate based in part on a
nunber of tinme slots, D, between the first and second tine slot; and
wherein the first factor is (x and the second factor is 1-{8O4tobéri2806ret hod
of claim3 wherein a maxinumtinme slot delay is D. and the determ ned
quality, a, is determned by: 5. The nethod of claim3 wherein a maxi mum
all owed tinme - slot del ay |s Dom and the determ ned quality, a,

det erm ned by.defdemTnifiB¥ qidtity B, of ﬁpﬂ,sg spect r urﬁﬁ‘l‘f i &a-ﬂﬂlapomer

| evel s at a base statlon enployl a sprea vision dupl ex
t echni quegy é;?ﬁé | L’$ i conmmruni cati on, conprising: a)
recei vi ng, Hﬁ Ir)%t&; I rsfpdsl{ S O%BS?Q‘?EB%%m cation target adjustnent.
and a first cgmunicaki rin ower |l evel of the first :
communi cat i on;‘&b")'e éﬁ%ﬁﬁ??ﬁ"ﬂ’é elsﬁ‘g@a H8dabased in part on power
| evel obtained at step (b); and 18 18 Cctober 2006 4) setting a

transm ssion power |evel for a transm ssion of a second conmuni cation
during a second tinme slot based in part on the path | oss estimte wei ghted

by a first fadtor, The methpd afi claipnl Mammmlmmhm&md
factor, and a tar get | evel adjusted by the tar get adj ust ment wherein the

first anoummmmwmweuw| on
a=1 -(.D-I)/(D@x-l).

3. - The method of claim 3 wherein a maximum allowed time glot delay is D,
allowed and the determined quality, o, is determined by '

0= 1% {1-(D-1/(D g, e 1) 0}-

6. A method for controlling transmissian power levels at a base station
employing a spread spectrum time division duplex fechnique having frames with time slots
for communication, comprising: |
| 8)  receiving, during a first time slot, a first communication target adjnstment and
a. first commumnication;

B)  messuring a powor lovel of the first communication;

| ¢}  determining a path loss estimate based in part onpowerléval cbisined at step
(b); and
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of atime separation of the fist and second tinme slots. 7. The nethod of
claim6 wherein the target level is a signal to interference ratio. 8. The
met hod of cl ai nVwherei n an adjustnent to the signal to intel¥@Qcteba@id@tio
lies within maxi mum and mnimumvalue limts. 9. The nethod of claim?7
wherein each target adjustnent is in a range of approxi mately 0.25
deci bels to 4 decibels. - 19 :
getting a transmmsmnn power level for a transmission of a second

commumication during a second time slot based in part on the path loss estimate weighted |

by & first factor, a long torm path loss estimate weighted by a second factor, and a farget

level adjusted by the target adjustment, wherein the first agd second factors are a function

of a time separation of the first gud secend time slots.
7. Themethod of claim 6 whetein the target level is a signal o interference tatio.

8.  Themethod of claitn 7 wherein an adjustitent to the signal to interference ratio

Tes within toasiroum and minigmm value limits.

9. ’Ifhe method of clﬂnn 7 wherem each target adjustment ic in & range of
appmx:ma:bely 0.25 decibels to 4 decibels.
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