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Dl VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s i nYekciober gEaer al | y
relates to spread spectrumtine division duplex (TDD) comunication
systens. More particularly, the-present invention relates to a system and
met hod for controlling transm ssion power w thin TDD communi cation

systens. Figure | depicts a wireless spread spectrumtine division duplex -
(TDD) - conmuni cati on system The systemhas a plurality of base stations

301-307: Each base station 301 conmuni cates with user equi pnent (UES)
area. Comunications transnmtted from a base

321-323 in id@,riﬁiaratin
station 301 mg%ﬁ?gr GHTED OPENIL.OOMPOWRIK A 3@%?3 and
comuni cati ons t IVISION ®URL @RM%M m e

LEX In a |t|cggff%ﬁt ating over

referred to as uplink comuni cations. _
different frequency spectruns, spread spectrum TDD systens carry multiple
The nmultiple signals are

communi cati ons over the sane spectru
respect i @K’r&mequences (codes). Also, to

di stingui shed by their

nore effici entﬁ% use the spread-spectrum TDD systens as illustrated in

Fi gure 2 use repeanveniionrgonesalBrrefitis @@ dpiedtl Gpethifiighe Wiviki e S0t S
361-36,,,, such as sixteen time slots. P suER systerr%faf“gtm(?&m?’&ation i s

TN i Rl e L A N
both ti Mg 5540k ARl ﬂleﬁ%%efor&r}letro ngbtirzrllt?stniligsgon power within TDD communication
| systems. | |
Figure 1 depicts a wireless spread ‘spe_ctrum time division duplex (TDD)
icommunicaﬁon system. The system has a plurality of base stations 30,-30,. Each
- base station 30, communicates with user eciuipment (UEs) 32,-323 in its operating
area. Communications transmitted from a base station 30, to a UE 32, are referred
to as downlink communications and cormﬁunications transmitted from a UE 321 to
a base station 30, are referred to as uplink communications.
| In addition to communicating over different frequency spectiums, 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 spectrutn, TDD systems as illustrated in
Figure 2 use repeating frames 34 divided itito a number of time slots 36,-36,,, such
as sixteen time slots. In such systetns, a communication is sent in selected time slots

36,-36,, using selected codes, Accordingly, one frame 34 ig capable of carrying

multiple communications distinguished by both time slotand code. The combination
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of a single code in a single time slot is referred

1 17 Cctober 2006
bandwi dt h required toOstapirdi0P6 a

to as 'a resource unit. Based on the
comuni cation, one or multiple resource units are assigned to that

comuni cation. Most TDD systens adaptively control transm ssion power
levels. In a TDD system nany conmuni cati ons may share the sane tine sl ot
and spectrum Wien a UE 321 or base station 301 is receiving a specific
comuni cation, all the other communications using the sanme tine slot and
spect r um casfesindle ebd. . i fic comuni cation. Increasing the
transmi ssion power | eggfﬂg?lg%eﬁéﬁgg%ﬁgﬁﬁfmIBﬁSGé'SQ?%GG‘UnheMqhah tigial ity
of all ot hq;an@%ni cations within that tine slot and spectrum However,
reduci ng the 1t anshiied o 6W¥é@émunmﬁbmroner@aﬁﬁm?1é FesHAE Sl Rle
signal to. noise ratios (SNRs) and bit error rates (BERs) at the ¢
recei ver s. asdgneditathatcohntimitdtéorsi gnal qual ity of communi cations and | ow

I s used. One approach

transm ssion power |evels, transm ssion power control
e division nultiple access (CDVA)

i t i 1 trol .i
usi ng transm sSifpg: mwgyégégr%r{cﬁgla{raﬁ %{)ﬁlgoq IR EHE1aN0PoBeieGeld O a (B housen

conmuni cation systemis
sends a conmuni cation to a particular receiver.

et _aI.).'%&{ansrn'tter. S
Upon receptr oh, "4l Goaupigisatiensgnay shmoowe sameniins 4ictand KAge eiv\{'ﬁg si gnal
power is conpared to a desired received signal power. Based on 1 &

i ncreasi ng or

s s oo . ' . ej.th
conpari so Parerr estzlnbnlimlS@Pécei@é??p&&ﬁg%m&gpﬁgg{lé%gq teother sends

decreasing transm ssi on power by a anount.
a control cah@dicdiD fransmtter to control .
_ n& Q,gl&gr e tmme slot and spectrum cause interference to the

specific communication. Increasing the transmission power level of ‘one

“communication degrades the signal quality of all other communications within that

time slot and spectrum. However, reducing the transmission power level too far

' resylts in undesirable signal to.noise ratios (SNRs) aﬁd bit error rates (BERs) at the
receivers. | To maintain both the signal quality of commmnications and low

Iransmission 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 recejved signal power
is compared. to a desired received _si gnal power, Based on the comparison, a control
bit is sent to the transmitter ejther increasing or de&easmg transmission pbwer bya
fixed amount. Since the receiver sends a control signal to the transmitter to control

the transmitter's power level, such power control techniques are coﬁnnonly refeﬁed |

to as closed loop.



the transmtter's power |evel, such power control techniques are commonly
referred. to as closed loop. -2 17 Cctober 2006 Under cert@cmbed®dbti ons,

t he performance of closed | oop systens degrades. For instance, if

conmuni cations sent between a UE and a base station are in a highly
dynam ¢ environnent, such as due to the UE noving, such systens nmay not be
able to adapt fast enough to conpensate for the changes. The update rate

of closed |oop power control in TDD is typically 100 cycles per second
which is not sufficient for fast fading channels. WD 98 45962 A di scl oses

a method for ddmdersertringoaditionsdhe performanosenf closeddoopsystemodegradesr ni nal

in a satellite comuni cation system The power control nethod has both a

cl osed- | g ilish @ieeRRRlAORioR: SR Bbtwdea URGnEh BACA @PareSh STEALLy 1 NE

base station ulates the no termnal's power setting
strength of the signals received fr e. npbile termnal. The base station
t akes i ntfg’“a@&;@ﬁﬂ owtﬁﬁsﬁa@&q t8r¥ﬁ?1 VHIE, sYeh systeaismexnethaablei n t he
power setting determ nation. For the open-loop el enent, the strength of

the receityadapifgnahofgiom confjenkas forghe thanpesn Theapdiseante dfelssednassd to the
strength of the signal received in the previous frane. The transmt power

obser vea PagEaPRRTE DR s GPIiRI00 PoRE 6 decodd WA B bfRuBIETat fon ' or

regul ating transnmi ssion power control of a nobile station using long-term

and shor fast fading chamnelssi on power

WO 98 45962 A discloses a method for controlling & transmission power
Tevel of a mobile terminal in a satellite communication system. The power control
‘method has both a closed-loop and an open-loop element. For the closed-loop
element, the base statiox_t calculates the mobile terminal's power sctting based on the
strength of the signals received from the mobile terminal. The base station takes into
account the propagation dglays of thé satellite system in the power setiing
determination. For the open-loop element, the strength of the received signal from
the base station in each frame is compared to the strength of the signal received in
the i;)revioué frame. The transmit power of the mobile terminal is adjusted inversely
with the variations in the observed sigtqal strength.

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
power control of amobile statioh using long-termand shori-term transﬁiission power
control. Long-term power control occurs in a base station on the upper levél 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-terinpower control occurs in a base station on the upper

| evel forming a closed control |oop. A decision authoritl/Qetaberrd®Re i s
comruni cated fromthe base station to the nobile station. The short term
transm ssion power |level is determned -3 17 Cctober 2006 on the | ower

| oop using an identifier of the long term power and the decision authority.
Accordingly, there is a need for alternate approaches to maintain signal
quality and | ow transm ssion power |evels. SUVMWARY I|n accordance with an
aspect omfhetdveer poopaming ah ideatifierar thetlvgy term poperavid dedieasiohastodtyat i on for a
spread spectrumtime division duplex communi cation using frames with tine
slots for cArvardingh,ithere soameed ifog alta@arsagproadhes @b \thaigtail siahl
adjustnments and, in a first tine slot, a first comuni cation having a

t r ans nijtalitp andlow temshission poeaderelsng a power | evel of said conmunication;
means for determning a path | oss estimate based in part on said neasured
power | evel and said received power |evel; nmeans for setting a

transm ssion power |evel for transm ssion of a second comrunication in a

second time slot based in partSpMMERYath | oss estimate wei ghted by a
first factor, a long termpath loss estimate weighted by a second factor

and a targeln a®éfdande it a6 afect B?tﬁ@?&@émtqm'éfﬁﬁ)ﬁ?ﬂfe% is }?I%ivﬂieﬁief st and

second factors being a function of a tinme separation of e first and

oo, AR OSSRl G ST B T oo 1
frames with time slots for communication, comprising: means for receiving target
adjustments and, in a first time slot, a first communication having a transmit
power level and measuring a power level of said communication; means for
determining a path loss estimate based in part on said measured power level and
said received power level, means for setting a transmission power level for
transmission of a second communication in 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 adjustments,
said first and second factors being a function of a time separation of the first and
second time slots; and means for transmitting the second communication in the
second time slot at the set transmission power level.

In accordance with another aspect of the present invention, there is
provided a base station for use in a spread spectrum time division duplex
communication system, using frames with time slots for communication,
comprising: a device for receiving a first communication in a first time slot and
transmitting an amplified second communication in a second time slot; a channel
estimation device having an input recciving said first comlﬁunication for

producing channel information; a data estimation device responsive to said first
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In accordance with another aspect of the present invention, there is

provi ded a base station for use in a spread spectrum ti mel7dPetokér@@0Qupl ex
comuni cation system wusing frames with time slots for comrunicati on, '
conprising: a device for receiving a first conmunication in a first tine
slot and transmtting an anplified second conmunication in a second tine
slot; a channel estimation device having an input receiving said first
comuni cation for producing channel information; a data estimation device
r esponsomeunicatian chnfli sadd chadeel likfdeatatibe rfo? @RSductmmnisipeeted aatang sai d
channel information for producing interpreted data; a power neasurenent
devi cepowespobasuveném deicd redpansiot to fio chinedmibenatibet fof Heteihmhid r ecei ved
power |evel of the first conmunication; a path | oss estinmation device

r espongirse@itedl pavet lepelsoll the feVEsmieuRiatibRr a paOdesd BEirdativH Heli@ss estinate
of the first comunication; a quality neasurenent device for producing a

qual i t sespomasdifoesiRd ineBased palvet RASE fc{r@r@@f&ngiﬂgat@oké BRiSALIF P On of the

first tine slot and a second tine slot; a transmt power cal cul ation

devi cefifsespansuNRafiéh; S8 Gudld) "mbA%FemSRt HERLE f%f‘%r'éaﬁtﬂnﬁuﬁlci&aﬁgﬂeasur ement
for producing a power control signal based at least 1n part upon said path

| 0ss  eglehdtRéBent®agbt SR iR phit upbn fa%ﬁﬁ@ﬁepa?atioﬁrtg Jh@ First éi?]g%/ Yol Axp estimate

wei ghted by a second factor and a target |eve juste recei ved target

ad] st alohd (HISABE B el Jo¥er R0 BRRAN BGLALASIL & RSB Bspar L on The

qual ity neasurenent; anplitirer receivin ower “control signal

and 2 SEaAN P SRY QuaRY Rash et FANSILERE D Jovet REnRSCat bhidy S ot for

at least in part upon said 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 based in part
on the quality measurement; and an amplifier receiving the power control signal
and a second communication to be transmitted in the second time slot for
amplifying the second communication responsive to the power control signal to
produce fhe amplifying the second communication responsive to the power control
signal to produce the amplified second communication for transmission by said

receiving device.
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anplifying the second comuni cation responsive to the power control signal
to produce the anplifying the second comuni cation respolitOeteber200he power

control signal to produce the anplified second comuni cation for
transm ssion by said receiving device:. 3b 17 Cctober 2006 BRI EF

DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates a prior art TDD system
Figure 2 illustrates tinme-slots in repeating franes of a TDD system

Figure 3 is a flow chart of outer |oop/weighted open | oop power control.
Figure 4 is a diagramof conponents of two comruni cation stations using

out er | oop/ wei ght ed oMEdIEﬁMﬁ@NWTIfEMRWHS&Sa graph of the
te

performance of outer | oop/weighted open | oop, welgh open | oop and

cl osed | oop povBiguaetilia 0 i e 6, is a graph of the three systens
per f or mance in terns of Eﬁr%t&%iagﬁfs&‘ﬁ%esyﬁﬁ%m. DETAI LED DESCRI PTI ON OF
THE PREFERRED ENBCD %EﬁITS The preferred enbodinents will be described with
reference to t He'Sirarithystrates gmestotireropebiike fronervah TOBRyRERNT | i ke

el enent s throu&bout. Quter | oop/wei ghted open | oop power Control wll be

expl ai ned usi ngFighee B OWFNAERar0 oHibOIY, the Gomponent s of two
sinplified communication stations 110, 1f?l‘§gi%fl%€%nﬁﬂcﬂpﬁff{%09ﬂtf¢or t he
foll om ng disc ' . . comuni cation station havin
J Hgardd id Q&agram of commponents of two conununi%ation stations using
outer loop/weighted open loop power control.
Figure5is a graph of the performance of outer 100p/weighfﬁd open Ioop,

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).

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments will be described with-reference to the drawing.
figures where like numerals represent like elements throughout.  Ounter
Joop/weighted open Ioop power control will be explained using the flow chart of
Figure 3 and the components of two sixnﬁlified cormmnunication stations 110, 112 a5
shownin Figure 4. For the following discussion, the communication station having
its transmitter's power controlled is referred to as the traﬁsmitting 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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its transmtter's power controlled is referred to as the transmtting
station 112 and the conmmunication station receiving powel? @gabgralPed
comuni cations is referred to as the receiving station 110. Since outer

| oop/ wei ght ed open | oop power control may be used for uplink,. downlink or
both types of communications, the transmtter having its power controlled
may be associated with the base station 301, UE 321 or -4_'17 Qctober 2006
both. Accordingly,. if both uplink and downlink power control are used, the

recei ving d transpitfing.statign' s conponents are associated with both
the base bé@’at i‘%ﬁ‘?oﬁflg ndg beths pplink aad, dewnlink posvert cantral 1dte need] igs

various radi o frequency signals including communications fromthe

transni t tiecgivingand rafdidittisg s@toN's @BHBONRnESre WsocBdE WA Bl nt enna
array, step 38. The recei ve%l signals are passed toﬁgdrt%cﬁgh aﬁdmiﬂsl%pgf%or 66 to

a denodul ér@ ce a baseband signal. The baseband signal 1is
processed,ﬁéﬁ%ﬁ&as gﬁ?%hannel estimation device 70 and a data estimation
device 72, in the time slots and with the appropriate codes assigned to
the transni tth?jreﬁ‘?lé{{ﬂ&ﬂﬁat@rbﬂrﬂmcﬂiwx varinus Fadiodhayuegty ﬁgﬁﬂ@?ﬁdiﬁ&inge“ ce 70
commonly uses the training sequence conponent in the baseband signal to
provi de channéticatidmd fdnh Ofie tr il el & esponses, The
Pl SURRCL RS Gl TS 78 o

channel information is used by t estimati O

interfer ' Sur nt devi ce , .and the transmt power cal cul ation
devi ce 7%&8%(%@ gé’tﬂafng%qwaiyo#"aééi ﬁ"eﬁcﬁ“@ tigrals aze passedtharbegh amannel by

estimating_ soft synbols using the channel information. ‘
isolator 66 to a demodulator 68 to produce a baseband signal. The baseband signal

is processed, such as by a channel estimation device 70 and a data estimation device
72, in the time slots and with the appropriate codes éssigned to the transmitting
station's connnunicatiop. The channel estimation device 70 commonly uses the
 training sequence component in the baseband signal to provide channel information,
- s.uch as channel impulse responses. The channel information is used by the data
| "estimation device 72, the interference measurement device 74, and the transmit
power calculation device 76. The data estimation device 72 recovers data from the
channel by estimating soft symbols using the channel information.
Prior to transmission of the communication from the transmitting station 112,
‘the data signal of the communication is error encoded ‘using an error
detectiop/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 maiz be used.
Using the soft symbols produced by the data estimation device 72, an error

detection device 112 detects errors in the soft symbols. A processor 111 analyzes the
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Prior to transm ssion of the communication fromthe transmtting station
112, - the data signal of the communication is error encodEdOeteber088 error
~detection/correction encoder 110. The error encoding schene is typically a
circular redundancy code (CRC) followed by a forward error correction
encodi ng, although other types of error encodi ng schenes nay be used.
Using the soft synbols produced by the data estimation device 72, an error
detection device 112 detects -errors in the soft synbols. A processor 111
anal yzes the 5 . 17 October 2006 detected error and determ nes an error
rate for detestadsrsanagd determines enefronratefortheaeceivehcestimomicationestep39r at e, t he
processor 111 determ nes the amount, if any, a target |evel, such as a

the 1 ancierd Phdnk BBt EAE 6 Briisn SAIRANGRS the BRGHR Hona WRRON 0

t ar get dj ustnent signal is generated by the target adjustnent generator
114. The?Q‘f& ,GUEN agaargetpignal F%%@Iﬁ@'é&@éﬁgw (S Betrten), ﬂﬁ@isttﬂ daohiangachg
station, step 41. The target adjustnent is signaled to the transmtting

station 3dde Emehhidingttidon 1120 etbpcl. cHafid oh the defepime a
technique to determ ne the anount of adjustnment in the target |evel uses

an upper_and |ower threshold..]f the determned error r ceeds an upper -
e ouhol eSS Sl et by e et S lRlrot sEnbmod B EHERTER "N eons
to be ‘increased. A target |level adjustment signal is sent indicating an
i ncr easeadjnstikeat insgaequéntiesent 16 thédrademitting statiosy step 4At eThes taygétow a
second threshold, the target |level is set

adjustment is signaled to the transmitting station 112, such as using a dedicated or

a reference channel.

One techuique to determine the amount of adjusﬁnent in the tafget level uses
an upper and léwer threshold. If the determined error rate éxceeds_ an upper
threshold, the target level is set at an unacceptably low level and needs to be
increased: A targetlevel adjuétmnnt signai is sentindicating an increase in the targét

| level. If the determined error rate is below a second tﬁreshold, the target level is set
atan ungecessarily high level and the target level can be decteased. 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 limit, a targct 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 adjﬁstment is not sent maintaining the same -target level.

Applying the above technique to a system using CRC anﬁ FEC encoding

follows. Each CRC block is checked for an error, Each time a frame is determined
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ai an unnecessarily high level and the target |evel can be decreased. By
reducing the . target level, the transmitting station's JfdWobdr@0es$ is
decreased reducing interference to other comuni cations using the sane
time slot and spectrum To inprove " performance, as soon as the error rate
exceeds the upper Iimt, a target adjustnment is sent. As a result, high
error rates are inproved quickly and | ower error rates are adjusted
slow y, such as once per 10 seconds. If the error rate is between the
threshol ds, a target adjustment is not sent maintaining the sanme target

| evel . ApgPyiR¥gan figon booanter dhintrnented, axsisb%%‘ﬂk@é &% ncodi ng
foll ows. Each CRC bl ock is checked for an error. tt| neééggfaﬁgﬁgeer

det er m neghrebhold, S¥doRer Ve an of, a counter is increnented.
As soon as the counter elx%gg?sngi%st@%%gﬁuqdﬁﬁ%ggcﬂr@r 1afc (BLEBRY, wtarget2 1 nes
error rate (BLER), a target adjustnent is sent

t he desir guﬁégcng
i ncr easi ng NG rléestenitéi}‘%‘leaﬁ% th@ut@rg@t lavel sITor AfiEst the SIRG, . iranegi tting
station. 112, the increase in the SIRTARour is sent (SIRI NG which is

i IR e SR
ffﬂet ggsrggg*cgﬁ yifa {r%?%%@f f rﬁ% BT | “éﬁ%?iat%{sgt & Gatpes ié:;&zfl?wé’d tﬁlt | ”ewle
resho a_target, adjustnen nal is sent decreasing the target |eve
g:a Rt?ggédﬁgcﬁs)c? R %Ichf:%’)g:&t arget bl Efﬁdgrmrg OEIO?;S?;H‘B vﬁ?ﬁ%@%ﬂ&%ﬁe RORC Y

BLERT, uecBmpissciiesetower thesholdsust a502MbeRs tithek 4 BRlires008R 3 the
number of counted block errors 1s below the lower threshold, a target adjustmcnt_
s1gnal 1s sent decreasing the target levcl, SIR,;,EC A typlcal range of SIRq. is 0.25
to4 dB. The value of SIRDEC may be based on SIR e and a target block error rate,
BLERTARGET.‘ The BLER gy is based on thc;, [j;(pc of service. A typical range for
the BLER 1, paer is 0.1% to 10%. Equation 1 illustrates one such approach-for

détennixﬁng SIR ppc.

SIRpec = SIRpye X BLERpypaer/(1 - BLER paper) ~ Equation1
If the count is between the thresholds for the predetermined block Ijmit,. a target
adjustment signal is not sent.

Alternately, a singl_e threshold may be used. If .the error rate exceeds the |
threshold,'the target level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjﬁstmcnt signal may have several

adjustment Ievels, 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.



the BLERTARCET is 0.1%to 10% Equation 1 illustrates one such approach for
determining SIRDEC. SIRDEC = SIRNc x BLERTARGE1L/ (1 -' BLERTARGeber 208@ati on 1
If -the count is between the thresholds for the predeterm ned block Iimt, 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
I ncreased. |f _ the error rate is below the threshold, the target is
decreased. Additionally, the target |evel adjustnment signal may have

nt | evels, such as fromO dBto 4 dBin 0.25 dB increnents

several adj-ust .
% dnigHerenge: measwrementddevicei Heof etheoreceiving avgidahg1gesi r ed

based on the
error rate. -7 17 October 2006 The interference neasurenent device 74 of

the recei Wetgmines therntkiforahet tsvel HEFRIHE wikig', hoyet o1 08B L,
wi thin the channel, based on either thé‘g clhanrgg?&?‘irﬁl%%’r?gg? o?ﬁe%‘?eft% sof t

synbol s gensg4 - a esti i on device 72, or both. Using the
soft synbols ﬁgﬁg%é@ﬁ O?ﬁeoﬁpﬁg‘i" r?,is gameratedpithedagssmationldevicatTZon
trols the receiving station's transm ssion power

-~

| evel by

device 76 C%lg
control I i R P0HE Jésing dhe softasynbols end Sehanfelr infoendtiore Shé TRGLRME %&gmpat hl oss
between the receiving and transmtting stations 110,112 and sendi ng data,

ot o 110t e T Thee SR AU AR R Tt
vari ous C&ﬁﬁ%‘ﬂiﬁg tl;@/&{iﬁ%lf.la}{’amipﬁlﬁ%r '5r5)D system . the 'channel s used for
For use in estimating the pathloss between the receiving and transmitting
~ stations 110, 112 and sending data, the receiving station 110 sends a communication
tothe transmittilig station 112, step 41. The communication may be sent on any one
-_ qf the various channgls. Typically, in a TDD system,. the channels used for
- estimating pathloss are refcrred to as reference channels, although ol:hér channels
may be used. If the recéiving station 110 1s a.base station 30,, the.communication
is preferably sent over a downlink common channel or a.common control physical
channel (CCPCH). Data fo be communicated to the transmitting station 112 over the
- reference channel is referred to as reference channf;l data. ﬂe’ .reference data may
i_nclu&e, as shown, the interference level, Ins, multiplexed with other reference data,
such as the transmission power icvcl, Tgs. The intcrference-levcl, Igg, and reference
channel power level, Ips, may b‘;,- sent in other channels, such as a signaliné 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 lraim'n;g sequence

insertion device 58 spreads the reference channel data and makes the spread
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estimating pathloss are referred to as reference channel s, - al though ot her
channels nmay be used. If the receiving station 110: is a17®@t9ber§0 ®ion
3.01, the. comunication is preferably sent over a downlink comon channel
or a common control physical channel (CCPCH). Data to be communicated to
the transmtting station 112 over the reference channel is referred to as
reference channel data. The reference data may i nclude, as-shown, the

interference level, IRs, multiplexed with other reference data, such as
the trans Ievel Tn. The i nterference |evel, Ino, and
refer encemf%%aﬁ%%q? ﬁ%\%‘é?“ll“ﬂfé‘lc d wyi ,atﬁﬁylnﬁéeqmcemﬂnmppromm%ﬂotss uch as

a signaling channel . The reference channel data is generated by a reference

channel dRitdecaglenef dtearssighéd rekbardealingis € THE r@.ﬁﬂﬁn §ﬁﬁhg nedson egl n@rﬁﬁ mul tiple

resource. units based on the comunication's band requir A

spr eadi NnGoddukic e insertion device 58 spreads the reference
channel data anld%%ggm?hgﬂg%ﬁglgaun c%n%g g sogrtly, anpliiedt by dat a
trai ning sequence in the appropriate tine slots

time-nulti g
and coded it o0 lé[i"P@ﬁ@éF fied sommoenigatianshurStweay be shiinna L8R A8viLS
referred to as a comruni cati on burst. The conmuni cati on burst S

subseque 6l witampidth@dediimanicaBoR Hukdt Sref0d ¢llG ﬁ{)%ﬁées HE djkal%ghi bur st

burst may be summed by a sumdevice 62 wth an

created Lhg su h as a data .generator 50 spread| ng and
traini nggs e%%%gcgesﬁéa?i?g ApingSequencednsarion dewice $2 antaenpdifiensd.
conmuni cati on gursts are m)dul ated by a nodul ator 64. The . nodul ated

signal is pasSeusumBedegmuamicatiimebustsaée andulaed by adnbuan ¥ G2 78 as
“modulated signal is passed thorough an isolator 66 and radiated by an antenna 78 as
shown or, alternately, through an antenna arrayl. The radiated signal is passed |
ﬂﬁough a Wireless radio Channel 80 to an antenna 82 of the transmitting station 112.
The type of modulation used for the transmitted communication can be any of those
known to those skﬂled in the art, such as dlrect phase shift keying (DPSK) or
quadrature phase shift keying (QPSK).
| The antenna 82 or, alternately, antenna array of the transmitting station 112
o .receives various radio frequency signals including the target adjustments. The
received signala 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 aad with the appropriate
codes assigned to the communication burst of the recéiving station 110. The channel
estimation device 88 commonly uses the tralmav sequence component in the -

baseband si gnal to provide channel information, such as channel impulse responses.



shown or, alternately, through, an antenna array; The radiated signal is
passed through a wireless radi o channel 80 to an ant ennal BQctgbert2986
transmtting station 112. The type of nodul ation used for the transmtted
comuni cati on can be any of those known to those skilled in the art, .such
as-direct phase shift keying (DPSK) or quadrature phase shift keying
(QPSK). The antenna 82 or, alternately, antenna array of the transmtting
station 112 receives various radio frequency signals including the target
adj ustment,s. The received signals are passed through an isolator 84 to a
denodul at othesghangehinfomasion isbaseebby dhes dgnadstinkien kasghang a&igﬂﬁ‘gbu)ef. .

ata estimtion

processed, such as by a channel estimation device 88 and a

devi ce 90,médauﬁcﬁfén£aéﬁc§b?}5 and with the appropriate codes assigned to
t he conmuni cation burst of the receiving station 110. The channel

estimation devjlr e 88 commonly uses the training sequence conponent in the
t PSS ieve! ohdhmdirorassest paminamicationh casespoadiig td mul Se

baseband si gna ]
responses. 9 17 Cctober 2006 The channel information is used by the data-

est I mat i orefarenécehanfe Re,ds pessiired BAGY b@%?hﬁ%ﬁﬁp?ﬁevil@@%%ﬁﬁﬁé}g e\é_?_ls of

t he processed communi cation corresponding to the ef'erence
to a pathl oss

I's measur g, iy asur t vi,ce 92 and sent t ]
estimation ew%? %Q s{"e“p@%’g‘?‘? %}gfsﬁelf ggf #Hﬁh%@lcgég‘[“?lrﬁémﬁoﬂdvvl@9888 and
tion device 90 are capable of ‘separating the reference

the data es
channel 4‘1‘%%‘?3?‘3 Slingtogtiaviet 80 ard capabluoforeptradngahs refepdrcelchaigiel ce or
amplifier is used for
from all other channels. If an automatic gain control device or amplifier is used for
proccssiilg 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 |
-estimation device 94. The power measurement 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 measurement device
92, pathloss estimation.'de\,ricc' 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 transmitted
power Ievgl, Trs» may be §ent élong with the comﬁmnicati_on'g data or in a signaling
channel. If the power level, Taé, is sent along with the communication's data, the
data estimation device 90 interprets the power level and sends the interpreted power
level to the pathloss estimation device 94. If the receiving station 110 is a base

station 30, preferably the transmitted power level, Ty, ié sent via l;he broadcast

. ‘.:channel (BCH) from the base station 30;. By subtracting the received
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processing the received, signals, the neasured power |evel-is-adjusted to
correct for the gain of these devices at either the powel? ety 2O/ nt
device 92 or pathloss estimation device 94. The power neasurenent device
is & conponent of an auter 1oop/weighted open |oop. controller 100. As
shown in Figure -4, the outer- | oop/weighted open |oop controller 100
conprises the power neasurenent devicce .92, pathloss estimation device 94,
qual ity neasurenent device 94, target update device 101, and transmt

power cal cul ation d‘evi ce 98. To determne the path loss, L, the -
t ransni t commupication's power laveb Rie ot (e setH omumuHER Qb trangmitted poteer t.t ed

power level, T. The conmunication's transmtted power |evel, TRS, naybe

sent al OpgeTLh hBaHIENILARb PR A9 Bsttialed i BIHTGK| DbéchbaiRl - 11 the

power |eve s sent along wth the communication's data, the data
estimation device 90 interprets, the r |evel and, sendsg the jnterpreted
power |témeq;tawl&11141,a&%a%&%ﬁ%&ﬁ@&a&n&@mmw%HEﬂ}feleaéiiﬁa%g station
110 is a base station 301, preferably the transmtted power level, TRS, is

sent vi af Byt sepidd. dbae 1861 Idugasith pattiesestdinatd io a IGfkl teridy
subtracting the received -10 17 October 2006 conmmunication's power |evel,

pat hi os LR nal Folo AR B BineS ik PRt s AR lreee BY Yo pifiBos 1 1o
stations 110, 112, step 43. Additionally, a long termesti mate of the :
pat hl ossstimates. s censefatsiptionss pnsiegd obanamifpg dhotrapsmigad pewierlayshnl oss
estimate is a long term average. The long term average of the pathloss,
La, is apn aeragfvil dtigo 20 l@fSransmit a reference for the transmitted power
level. In that case, the ﬁaﬂﬂoéé estimation device; 94 provides reference levels for the
. patliloss, L.
. Since TDD systems transmit downlink and uplink communications in the
samc' 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 esﬁmated path loss to a target level, a transmission power level
for a communication from the transmitting station 112 to the receiving station 110
1s de'termiricd.
If a time delay exists between the estimated path loss and the transmitted
communication, the path loss experienced by ﬂle-tfg.nsnﬁttcd communication may
d-iffcr 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

sys%:cm. To overcome these- drawbacks, weighted open loop power control

-11-



estimates. In certain situations, instead of transmtting the transmtted
power level, TRS, the receiving station 110 may transmi t1720¢teb&288¢e for
the transmtted power level. In that case, the pathloss estimtion device
94 provides reference levels for the pathloss, L. Since TDD systens
transmt downlink and uplink communications in the sanme frequency -
spectrum the conditions these comuni cations experience are simlar. This
phenomenon is referred to as reciprocity. Due to reciprocity, the path

| oss experienced for the dowalink will also be experienced for the uplink
and Vi ce deydfriides tRY qadlity OptHilestimatod palletdsnesifg 4 gaslicy casieniai dbfive! . a
transm ssi on power leve for a communication fromthe transmtting station
112 to the receiving station 110 is determned. If a tine delay exists

bet ween the estimated path l.oss and the transnitted conmunication, the
path | oss experienced by the transmtted comunication may differ fromthe
calcul ated loss. In TDD where conmuni cations are sent in differing .tine
slots 36i-36,,, the tinme slot delay between received and transnmitted
comuni cati ons may. degr-ade the performance of an open |-oop power control
system To overcone these- drawbacks,- wei ghted open | oop power control -11
17 Cctober 2006 determ nes the qualityof the estimated path | oss uUsing a
qual i tymeasurenment device. -lla 17 Qctober 2006
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96, step 45, and weights the estimated path | oss accordingly, L, and |long.
term average of the pathloss, Lo. To enhance perf or mancd7fQetotrs200h out er
| oop/ wei ght ed open | oop, a target |evel 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 SIRTARGET
adj ustment . A target update device 101 adjusts the target |evel using the
target adjustnents, step 46. The target |level may be a S| RFARGET or a
target regeived ower level at the receiving station 110. The transmt
power cal ¢ AtePo#d. g weights Hunestimated ipathaliss stemtdimiydL, ARV Bdiig tephd h the
wei ghted path |l oss estimate,. L, and |long term average of the pathl oss

esti mate, amagé@fdﬁgmm@L.he transm ssion power |evel of the transmtting
station, step 47. ta to be transmtted in a conmunication fromthe

transmtting statipn 112 _is produged, by data generator 102. The data is
error detecti oﬁé!}ﬁ?%&ﬂ%ﬁ?f@ﬁg%gﬂ‘%%w éﬂ#@biﬂ%gmghtedrﬂn@arlaep,ta ngencoder
110. The error encoded data i's spread and tinme-nultiplexed with a training
sequence leyelsadjustadnimpremesseidd danvent tersofiyintols fddubdd bienadRsopT i at e
time slots and codes of the assigned resource units producing a ) .
conmuni Cadstigihtidd &l | ler. ified by.an anplifjer 106 and
modul at ed by r?ggljlﬁg{cg-r%.q%gjg&%ggFggﬁgéﬁée%rﬁgélgﬁ%tbﬁo ?‘%ﬁ@c Aplifier
S cont.&g&ﬁfd by t.he transmt power calcul ati on device-98 to achieve the
detefnin TRepHESIGRL o fsgetupdate devine 10dwdiustsahe tasgdtdeivet usingthe at i on

burst is passed through the isolator 84 and radiated by the antenna 82.
target ad_;ustments, step 46. The target level may be a STRyapger OF @ target received -

- power level at the receiving station 110. : :

The transmit power calculation device 98 combines the adjusted target level
.wilfh the weighted path loss estimate, L, and long term average of tl-w péth]oss
estimate, L, to determine the transmission power level of the transmitting station,.

| step 47,

Data to be trénsmittcd in a communication from the transmittiﬁg 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 trainin g sequence insertion device
104 in the apprppriate time slots and codes of the assigm_:d resource uaits producing
a communication burst. The spread signal is amplified by an amplir;;terlﬂﬁ and
Iﬁodulated by modulator .108 to radio frequency. The gain of the amplifier is
controlled by the transmit power calculation device.98 to achieve the detémﬁned

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

through the isolator 84 and radiated by the antenna 82.
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-12 17 Oét ober 2006 The following is one outer |oop/wei rgﬂgt ed opﬁg | oop
power control algorithm The transmtting stations's tra PEebs B@)wer
| evel in decibels, PTS, is determ ned using Equation 2. PTS =.SI RTARCGET +

RS + a(L-Lo) + La + CONSTANT VALUE Equation 2 The SI RTARaET has an

adj usted val ue based on the received target adjustnent . signals. For the
downlink, the initial value of SIRTARdu is known at the transmtting
station 112. For uplink power control, SIRTAROET is signaled fromthe
receiving station 110 to the transmitting station 112. Additionally, a

maxi mum and nﬂ'hﬂfﬁ]lﬂWingimemterémnﬁdde@mtprthmuﬂﬂ§Igo i gnal ed: .-
| RS

The adjusted SIRTARQEI is limted to the maxi num and m ni num val ues.

I s the ngaswWalsBitihdSali 7] the,recejving station
110, L | o b SaliOhN G AlFAC ion BRI Allodirhe, R etembedoe,
36 that the path | oss was estimated. Lo, the long term

recent tjne ﬁl‘é’m . 3

aver age 0] e 3 "ﬁﬁlpﬁ ‘0ss in decibels, is the running average of the

pat hl oss estimate, L. The CONSTANT VALUE is a correction term The

CONSTANT VAL Ul scfifRaglos; + B, -dix{l 41, pndgs: CONSTRNIPVATKRN %gﬁ%ﬁﬂd{ V) k| .
n ownl in

channel s, such as to conpensate for differences in uplink

gain. Additi I , the na rovide.caorrection if the
transmit pom%r%%@%ﬁ@leag%\?gﬁ%@/%ggp@fé |°8i %fegpg’te%c;ﬁrgega JHERORE t t ed,
If the receiving station 110 is a

i nstead ,of .t ctyal transmt power, T.
base Stasgg%lﬁ.%ﬁgle evmitigkvalye of SHanelst is loown atithe arahayitting nessage.
| station 112. For uplink power control, SIR-,‘-ARGEP is signaled from the receiving
station 110 to the transmitting station 112. Additionally, a maximum and minimum
value for an adjusted S.‘]l.RT,,,R(m,r may also be signaled.” The adjusted SIRy,pqeris
li;rlited to the maximum ;'u;cl minimum values. Ipq is the measure of the interference
- power level at the receiving station 110. |
| L fs the path loss estimate in decibels, Tpg - R, fof the most recent time slot
36,-36, that the path loss was estimated. L, the loﬁg term average of the path loss
in decibels, is the mnning average éf the pathloss estimate, I.. The CONSTANT
VALUE is 2 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. Additiona].ly, the CONSTANT VALUE may prdvide correction
.if the transmit power reference level of the receiving station is transmitted, instead
of the actuai&arisnﬁt power, Tys. If the receiving station 110 is a base station, the |
_ .CON STANT 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,

~13-



The weighting value, a, is a neasure of the quality of the estimated path
|l oss and is, preferably, based on the nunber of tine sl ol’sOgeher I8RO bet ween

the tine slot, -13 17 Cctober 2006 n, of the last path | oss estinmate and
the first time slot of the conmunication transmtted by the transmtving
station 112. The value of a is between zero and one. - Generally, if the
tinme-difference between the tinme slots is small,. he recent path | oss

estimate will be fairly accurate and a is set at a value close to one. By
|fference is large, the path | oss estimte may not

contrast, 'Lfgfﬁﬂle ti me di ) f
be accurat & st pathylass, estimaje angethefirst |time shtasfl themecihnimiciioh | i kel y.
a better estimate for the path loss. Accordingly, a is set at a val ue .

cl oser to toamemitieylizt the tmnSmiteit g 4tatich 193U This W fuefP e ; Y a a=1-
(D- 1)f(Dnz 1) Equation 3 a‘E max {1_(D1)/(5513?@818%\%6%&&%6?&%%&iOn 4
S

The val ue, | foLi lofs..361- 36" bet the ti | ot of
G Vst cerdtr, 36 BT RinchbucSh the i s i sgna o scomtatitoss 0

the last pat
comuni cati on whi be referred to as the tine slot delay. If the

£h will ,
delay is Sﬂfémf%‘éﬁgae girlypcraraghand ®itset at valieclosediorana B?,&ﬁinﬁjaﬁ.l gehay: A
typical value for a frame having fifteen tine slots is seven. |f the delay

i's Dmx, tmicslifferencdislarigeytheipati 108s ESRR6T o noPYE B I 5}313%,3,095' ay for

usi ng open | oop power control. If the delay excee | oop
power Confiydphod fif.ecti t urned of f. setting.a = 0. Using the
transnit power P Ttgvlé A ‘E’%{éeﬂ,r ‘5’8?‘2%‘18%‘&1‘8‘53; & boticr extimagsofosrthe gethuloas.i on
device 98,t he Ir?nsnjt ower _ .
Accordingly, o is set at a value closer to one.
Equations 3 and 4 are equations for determining c.

¢=1-{D-1D/(D_,-1) Equation 3
o =max {1-(D-1)/D_,, . vowed -1)» 0} Equation 4

The value, D, is the number of time slots 36,-36, between the time slot of the last
. pathloss esﬁmate and the first time slot of tﬁe transmitt‘e'd communication .which will
be referred to as the time slot delay. I the delﬁy is one time slot, o is ;)ne. D, is
the maximum possible delay. A typical value for a frame having fifteen time slots
is seven. If the delayis D, « is zero Dyaxatiowea 18 the maximum allowed time slot
delay for using open loop power chtrol. If th¢ delay exceeds D, ayowess OPED loop
power control is effectivély turned off by setting ;= 0. Using the transmit power
- level, Py, determined by a transmit power calculation device 98 the transmit powe;“
of the transmit@ci communication is set,

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

loop, apen loop and closed loop systems. The simulations in Figures 5 and 6 were
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of the transmitted conmunication is set. Figures 5 and 6 conpare the
per f ormance of the wei ghted outer | oop/open |oop, open |iGdpctalrt280bsed
-14 17 Cct ober 2006

| oop systens. The sinulations in Figures 5 and 6 were
performed for a slightly different version of the outer |oop/weighted open
loop algorithmlIn this version, the target SIR is updated every block. A
SIRTARCE,. is increased if a block error was detected and decreased if no
bl ock error was detected. The outer |oop/weighted open | oop system used
Equation 2. Equation 3 was used to calculate a. The sinulations conpared

t he perf opheEs ; | . ), SS| ower
ovel - Fornanedtos ARIEHEY FtEAEVERId BB mokler ool HEAE BRARIGR PORe

sinulation, each block was 4 franes, bl ock error was declared when at
| east tm‘awg%ﬁ% Rggﬁ PETHER, the fUget § F%Eﬂé;tq%ﬁ"%ml?ﬂ& cOrnifmimat 1Son
channel is assigned one tine slot per frame. The target for the block error

rate is @stasathid adlekaes wasdaipried st dacecased ifimosbiosk erfbvewsd dasaéd.ons
address the performance of these systens for a UE 32, traveling at 30

Ki | onet er ghoslhtedRY i Iy ! £ St e tenna diversity
for reception \?vithbéwa% Fltaercllt% gr%ﬂﬁ‘ﬁ%?’%gﬁ%@tﬁ%ﬁﬁgggﬁ%@%r@ S\‘?gr. The
ed a realistic channel and SIR estinmation based on a

~ simulation Boxirr?lt] )
ni danbl e 'Qég’% 0 of DgipEatiqnseomppred the performpnce phthsspsicws cerduilinge whit e
Gaussi an noi se (AWGN). The simul ation used an International .
Tel econma/EaBRptransmissiof ipbwjer Radt sFor thdsiBdlytisnss D UREE bitdWefePalided
modul ation. Interference levels were assuned to have no uncertainty.
- Channel  everyblock. In the simiulation, each block was 4 frames. A block error was declared
~ when at least two raw bit errors océur over a block. The uplink communication
channel is assig‘negl one time slot per frame. The target for the block error rate is
10%. The SIRp,peer is updated every 4 frames. The simulations address the
performance of these éystems for a UE 32, traveling at 30 kilometers per bour. The
- simulated base station used two antenna d‘ivcréity for reception with each antenna
_having a three ﬁﬁger RAKE receiver. The simulation approxililated 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. In'tcf,rfcrence 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 Eg¢/IN,, for a BLER of 107 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 5
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codi ng schenmes were not considered. L. was set at 0 db. Gaph 120 of Figure
5 shows the performance as expected in ternms of the requiTr@eoses206for a
BLER of 10' as a function of tine delay between the uplink tinme slot and
the nost recent downlink time slot. The delay is expressed by the nunber
of time slots. E. is the energy of the conplex synbol. Figure S -15 17

Cct ober 2006 denonstrates that, when gainlinterference uncertainties are
"ignored, the performance of the conbined systemis alnost identical to

t hat of i ght ed %) n |l gop system The conbi ned system outperforms the
cl osed | \c,)\?ﬁg@?% b when gaisv/imjesferenvenincenmietierure igor€R e RRtbrih&d f €1 ence

uncertainties, the transmtted power |evel of the open |o0op systemis

ei t her toof biegbombidedaybew Rfalidst 1AeR i raph 122 of Figure 6,
a gain uncertainty of Y5 dB vas Lsed |.E?Jyg‘lté?%%€g{egﬁggnﬁw5§§mﬁ-

function w.Jhe initial reference SIRT, Aos.r for each system was
set to.i tgﬁ?:%?@gggéon SIS AWRe ﬁfm’\;/%e&ios@gﬁ‘é@m@@tﬁméﬂﬁﬂl@aﬁ.& in order to

achieve a BLER of 101'. Figure 6 shows that, in the presence of gain
uncertainty, H@tthePﬁﬁeﬂmﬁg’mdntihlﬂerﬁdremmeﬂﬁhﬁﬁes,ttﬁg&aﬁﬁﬁ{t@&%o desi red
BLER. The performance of the weighted open | oop .system severel'y degrades.

- I1 Si irogdgﬁglmef )Eﬂfg%egu %@E?/{ﬁgﬁﬁs efth&A86 1Al 188 16Q ordne Rogady SRRS! fum time
graph 122 of Figure 6, a gain uncertainty of -2 dB was used. Figﬁre 6 shows the
BLER as a function of the delay. The initial reference SIRyarger for each system was
|s-ct 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 unc;ertainty, 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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using franmes with tinme slots for conmunication” conpri si n%: means for
receiving target adjustments and,-in a first time slot, d7fQgteher20006
comuni cation having a transmt power |evel and neasuring a power |evel of
said communi cation; means for determning a path | oss estinate based in
part on said nmeasured power |evel and said received power |evel; means for
setting a_transm ssion power |evel for transm ssion of a second
comuni cat= a second Mne slot based in pact on the path |loss estinate
wei ghted by a first factor, a long termpath |oss estimte weighted by a
second factor and.a target |level adjusted. by the target adjustnents, said
first and second factors being a function of a tinme separation of the
first and sec?nd tine slots; and neans for transmt the second |
comuni cation®in. d‘tkgs@%é'aﬁﬁﬂ forespreast speetrah dinsedivisiom deplis coompusation| evel .
2. The base station of claim1 further conprising: neans for determ ning
ins the I@%ﬁmamﬁﬂxﬁnbsbﬁﬁsmmﬁcmdmprﬁmst in part upon an
average of path |oss estimates of conmunications pent fromthe first
station to thmemdﬁmécei@hg&i@&-aﬁmﬁ:fmtﬂaﬁdﬁﬁh@ﬂﬁﬁ@ﬂﬁg a%rﬂ%ﬁuﬁ%?&ﬁﬁﬁat on
er r

of claim2 wherein the first station furt conprises: neans fo

det er m nhagnga Gaadmi ; daﬁhﬂ!glﬁﬁﬁv j «hi : ed in part
on a _nunber o? time gfrvgt&sleﬁ“fldahﬁ%ét ween the ?%@%@%ﬁgﬁﬁﬁ% slot;. and
wherein the Trgdds fof Ab@imintigPs F 10d3%s0G60 WsdBG 2t & said Nieasured power

level and sid received power level;

means for setting a transmission power lovel for tran.émission of a secon&
communication in a second time slot based m paxt on the path loss estimate weighted by a
fixst factor, a long term path loss estimate weighted by a second factor and a target level
adjustad by the target adjusttuents, _said first and second factors being g fimetion of a t,ime‘
separation of the first and second time slots; and
means for transmitting the second emﬁxﬁtmicaﬁon in the second time slot at fhe sct

toansmission power level.,

2. The base station of claim 1 further comprising:

means for detenmining the long term path loss estimate based at least in past upon &
average of path loss estimates of communications sent from the fist stafion to the second,
station,
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4. The base station of claim3 wherein a maxinumtinme slot delay is D. end
a is determined by: 5. The base station of claim 3 wher di7PdobgiPfim
allowed tine slot delay is D, ,wand the deternmned quality, a, is

determ ned by a = max0}. 6. A base station for use in a spread spectrum
time division duplex comrunication system using frames with tine slots
for comruni cation, conprising: a device for receiving a first comuni cation
inafirst time slot and transmtting an anplified second conmmunication in
a second tine slot; a channel estimation device having an input receiving.

said first comunigcation for _producing chanpel information;, - 18 17
Qot ober- 2006 1 dg‘gai’%@tWi@ ol o wicrqip st stationsfusiereaiprises:

comuni cation and sajd channel information for producing i nterpreted data;
a power MeasdRw@rsfir detopmising e qpality) o ef tle: sl thss betimett wihidhois besdddn paetr
deterririnhig a received power |evel of the first communication; a

pat hl os sores nimberiof mintbestots, D) ietwesncthy first end icdndEms Wlddaggover | evel for.
producing a path |oss estinate of the first communication; a quality

measur enent dﬂiéfdiﬁtﬂe%sﬁa@ﬂf‘ﬁid‘&d%ﬂk@bh&ﬁgﬁaérlﬁﬁem based at |east in

part upon a tinme separation of the first time slot and a second time slot:
a transmt power cal cul ation device responsive to said pa& | oss estimte
and said

4. The base station of claim 3 wherein a maximum time slot delayis D__ mnd @
is determined by:

e=1-(0 = DD -1).

5. The base station of claim 3 wherein a maximum allowed time slot delay is

. pwandthedemmmedquamy. @, is determined by -
€.~ max {1-D-1/D e iomes1); 0}.

6. A base station for use in a- spread  spectrum time dmsmn duplex
communication system, using frames with time slots for compumication, comprising:
a device for receiving a first commmication in g first time slot and transmitting an
| amplified second commuiication in a second time slot;
| a chauel estimation device having mn input receiving said first commumication for
producing chmel information; |
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qual ity nmeasurenent for producing a power control signal e ast in
part upon said path |oss estimate weighted by a first falgacg?%eékg(lr)](’g term

path | oss estimte weighted by a second factor and a target |evel adjusted
by received target adjustnents, wherein the first and second factors are
based in part on the quality neasurenent; and an anplifier receiving the
power control signal and a second communication to be transmtted in the
second time slot for anplifying the second comuni cation responsive to the
power control signal to produce the anplified second conmmuni cation for

transm ssion giats aktindtRmedavidady ew daid on ,of. cIa|
further conprising: a date‘!i gdgn at F)og progc%%%gjmic@ﬁ% g -

19 17 Oc{,g&&[mgﬂﬁg training sequence insertion deV| ce
havi ng an |nput rec ving cation data for producing the second
conmmuni catlon he second.tine slot;.and _a nodul ator having an i nput
recei ving the %4 ?F#EF?F@HI%% %ﬁﬂ?ﬁ%ﬂ%ﬁ*&nﬂﬂﬂmmﬁ ik f i ed

second comruni cation to radio frequency prior to transm ssion. 8. The base

station dt s payvacdevehef the Sisgcosmmgicationjenodul at or havi ng. an i nput

receiving the received first commnication for producing a baseband

si gnal ; and \A,ﬁﬁﬂféhﬁswmmimrdmiceaﬂpomt@@md%a&&eé %&m&%@lﬁ&%&%t ion
: as

devi ce each have an. input receiving the baseband signal

station @ma&hgmﬁmmm@mﬁmwoﬁeasur ement is in the range
a quality measurement device for producing a quality measurement based gt least in
part upon 4 time separation of the first time slot and & second time slot; |
a transmit power calculation device responsive to said path loss estimate and said
quality measurement for producmg a power control signal based at least in part upon said
path loss estimate welghted by a first factor, d long term path lozs estimate wexghted by a
. second factor and s target Tevel qdiusmdbyreceived target adjustments, wherein the firgt and
second factors are based n part ot the quahty inmurement; and
an awplifier receiving the power control signal and a second commumication to e
transmitted in the second time slot for amplifying the second communication responsive to
the power control signal to produce the amplified aecdnd commnunication for transmigsion,
by said_receiving device.

7. The base station of claim 6 ferther comprising:

a data geterator for producing communication data;
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of zero to one and the first factor is the quality rreasurﬁrgctoheragoé he
second factor is one mnus the quality neasurenent.

a spreadmg and training seqnence mseruon devme having an input mccrvmg the
commumcanon data for producing the second commumication in the second time slot; and
4 modulator baving an input receiving the amplified second communication for

modulating the amplified second communication to radio frequency prior to transmission,

8. The base station of claim 6 fﬁr&ér-compﬁding:

a demodulator having an input recelvmg the received first commmumication for
producing a basehand signal; and

wherein the channel cstimation device and fhe data ostimation deviod each have an

input receiving the baseband signal,

9. The base station of claim 6 wherem the quality measurement is in the range
' of zero to one and the first factor is the quality measurement and he sscond factor is one

minys the quality measurement.
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