OUTER LOOP/WEIGHTED OPEN LOOP POWER CONTROL IN A TIME
DIVISION DUPLEX COMMUNICATION SYSTEM BACKGROUND

This invention generally relates to spread spectrum time division duplex
(TDD) communication systems. More patrticularly, the present invention
relates to a systemand method for controlling transmission power within

TDD communication systems. Figure 1 depicts a wireless spread
spectrum time division duplex (TDD) communication system. The system

has(m%ﬂitiﬁ ,-307. Each base station 30,
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Communications trat : -
referred to as downlink communications and communications transmitted

from a UE 32, to a base station 30, are referred to as uplink
communications. In addition toRdfmMERGHANDver different frequency
spectrums, spread spectrum TDD systems carry multiple communications

over t@l%m@@ﬁmrgme’fﬂé}r relates fo spread spectrum time division duplex

(IDD) communication systems. More particularly, the present invention relates fo
a system and method for conﬁ:roﬂin glransmission power within TDID coxmmuinication
systems.

Figure 1 depicts a wireless spread Sp‘:;_ctrum‘time division duplex (TDD)
communication system. The systemn has a lplurality of base stations 30, -30,. Each
base station 30, communicates with user equipment (UEs) 32 =32, in its operating
area. Communications transmitted from a base station 30, to a UE 32, are referred
to as dowgiink communications and communications transmitted frém aUB32; 10
a base station 30, are referred to as uplink communications.

In addition to communicating over different frequency spectrums, spread
spectrum TDD systerns carry multiple communications 0§cr the séme spectrum, The
muitiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeatin;g frames 34 divided inito a number of time slots 36,-36_, such
as sixteen time slots, In ;:uch Systems, a comununication is sent in selected time slots
36,-36,, using selected codes. Accordingly, one frame 34 is capable of carrying

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



multiple signals are distinguished by their respective chip code sequences
(codes). Also, to more efficiently use the spread spectrum, IUD systems
as illustrated in Figure 2 use repeating frames 34 divided into a number of

time slots 36,-36, such as sixteen time slots. In such systems, a
communication is sent in selected time slots 361-360 using selected
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cation, one or multiple résource units are assi
9&}@%\{100””0' transmission power levels. In a TDD
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system, many communications may share the same time slot and
SpectryhYMISH Systems adaptively control transmission power levels. Ina TDD
System, many communications may share the same time slot and spectrum. When
a UE 32, or base station 30, is receiving a specific communication, all the other
communicationg using the same time slot and spectrum cause interference to the
specific communication. Increasing the transmission power level of one
‘communication degrades the signal quéh’ty of all other communications within that
time slot and spectrum. However, reducing the transmission power level too far
results in undesirable signal 10 noise ratios (SNRs) and bit error rates (BERS) at the

receivers. intai i i
ervers.  To maintain both the signal quality of comrnunications and low

i . ..
ansmission power levels, transmission power control is used,

One approach using transmission power control in a code division multiple
access (CDMA) communication system 1s described in U.S. Patent No. 5,056,109
(Gilhousen et al.). A transmitter sends 2 communication to a particular receiver.
Upon reception, the received signal power is measured. The recejved signal power
is compared to a desired received gigna} power. Based on the comparison, a control
bitis sent to the transmitter either increasing or decreasing transmission power by a
fixed amount. Since the receiver sends a control signal to the transmitter to control

th M 1
¢ transmitter's power level, such power control techniques are commonly referred

to as closed loop.



a LIE 32, or base station 301 is receiving a specific communication, all the
other communications using the same time 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 results in undesirable signal to noise

ratios. Rs) and bit error rates (BERs atthe To maintain poth
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comparison, a control bit is sent to the transmitter either increasing or
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sends a control signal to the transmitter to control the transmitter's power

falﬁvt% dl%%c&gﬂwngcontrol techniques are commonly referred to as closed

WO 98 45?62 A discloses a method for controﬂing 4 transmissicn power
level of a mobile terminal in.a satellite commmzicaﬁon system. The power control
method has both a close&—IOOp and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
_strength of the signals réceived from the mobile terminal. The base station takes into
accdunt; the propagation delays of thé sat‘elﬁte system | in the power selting

 determination. For the bpemlqop element, the strength of the received signal from
the base station in each fz%me is compared to the strength of tﬁe signal received in.
the previous frame. The transmit power of the mobile terminal is adjusted inversel};'
with the variations in the observed signal strength, |

U.S. Patent No. 5,542,111 discloses a method for regulating transmission
power contro] of amobile station using long-tertn and shomtm*xri transmission ﬁéwer
control. Longwtei'm power control occurs in a base station on the upper level forming
a closed control loop. A decision anthority statement is communicated from the base

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



Under certain conditions, the performance of closed loop systems
degrades. For instance, if communications sent between a UE and a base
station are in a highly dynamic environment, such as due to the UE
Moving, such systems may not be able to adapt fast enough to
compensate for the changes. The update rate of closed loop power
control in IDD is typically 100 cycles per second which is not sufficient for
fast fading channels. WO 98 45962 A discloses a method for
ocoﬁn@oﬂhq@zajwapsmaﬁgimh Prwaiieyed obizmghiledermingl in aanslgtﬁlllltedmi sion
communication system. The power control method has both a c oseg-loop
awhdrap open-loop element. For the closed-loop element, the base station
calculates the mobile terminal's power setting based on the strength of the
signafsreseined drem thesmebilstermingl: Thedase stgliondakes into, for
account the propagation delays of the satellite system in the power sétting
regiefinpination. inor thgioper-iaRpelesnent ¢ téﬁ?@_ﬁ% fthereceived .
signal from the base station in each frame i??:ompare é)oat?we E}s?t?lé%n\éef% gration
NuhssigrialEeived idhe Rravious Fame, Jhe Hansmit power of the -
mobile terminal is adjusted inversely V%I}t% the variations in tha observage! in a
celbignalastrengthyn.  U.S. Patent No. 5,542,111 discloses a method for
regulating transmission power control of a mobile station using long-tenn
and shostdBraniransmission pewercontigh hang-teminpower control.
occurs in a base station on the upper level form%ﬁ) ac o%setfo con %ﬁb%pg.‘gna[

quaAgeciditinauinenty statemeat isyepmmunicated from the base station to
the mobile station. The short term transmission power level is determined

on the lower loop using an identifier of the long term power and the
decision authority. European Patent Publication Number 0462952

discloses a method for regulating power in a digital mobile telephony

system. European Patent PubligatigpNusper 0160030 discloses a
method and apparatus for transmitter power control in a cellular radio
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maintain signal quality and low transmission power levels.
in a spread spectrum time division duplex communication system. At a first
communication station, errors are measured in a recerved communication from a second
communication station. Based on in part the measured errors, an adjustment in a target
level is determined. The first station transmits a communication and the target
adjustment to the second station. The second station measures the first station's
comumunication's received power level. Based on in part the received power level, a path
loss is determined. The target level is adjusted in response to receiving the target
adjustment. The quality of the path loss is determined with respect to a subsequent
communication to be transmitted fiom the second station, The second station's

transmisston power level for the subsequent communication is adjusted based on in

part the determined path loss, the determined quality and the adjusted target level.



SUMMARY Outer loop/weighted open loop power control controls
transmission power levels in a spread spectrum time division duplex
communication system. At a first communication station, errors are
measured in a received communication from a second communication
station. Based on in part the measured errors, an adjustment in a target
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first station's communication's received power level. Based on in alit {he_
Spec%ﬁééi\?@&ep@W@F%véﬁpé%afﬁ%% [EatarminEY "¢h %%etwgveggis eslotsfor
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‘path loss is determined wijth respect to a subseguent communication €.
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conf g%geegl 1?8 gl%ggnra?rllgezg &%pols(s)se%’titmhgtéj g}, r%“lBSS &li!x%“%tﬁbqs”@t%%@tggsed in
part on the measured power level and the received power level; a quality measurement
device configured to determine a first quality factor, a, and a second quality factor, 1- g,
of the pathloss estimate based in part on a number of timeslots, D, between the first and a
second timeslot: and a transmit power calculation device configured to set a transmission
power level for transmission during the second timeslot based in part by adding the
pathloss estimate multiplied by the first guality factor, to long-term pathloss estimate

multipied by the second quality factor, to the measured interference power level, to a

target signal to interference ratio, to a constant value.



According to an aspect of the present invention, there is provided a user
equipment (UE) for controlling transmission power levels in a system
employing a spread spectrum time division duplex (TDD) technique
having frames with timeslots for communication, the UE comprising: a
measuring device configured to receive, during a first time slot, a
communication including a power level and measure the power level of
the received co il nd an mterfere nce power level: a pathloss
estimation dev|§3§ﬁ fﬁ%%é EJeiiaNEGand a long
term pathloss estimate, based in part on the measured power level and
the recehat %é\ﬂé‘f‘%@'@&ﬁé pualigrnmidabuseshent device configured to
determine a first quality factor, a, and a second quality factor, I- a, of the
pathlodSigtiehilbrssdsinpartion anepraeing! Hmesiots. Drisprupen the
first and a second timeslot; and a transmit power calculatlon device
configlfmiite Sat a FrRIEHISEIQN HWE 5 n during the
second timeslot based in part by addit{(élgxlze r%g?%%gs stlmatg o ‘T/%pll Yol
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|Ilustr§,~t§§J slots inr a ing frames of a TDD system Figure 3is a

flow chart utger 1501 Q‘B’ Bemgiss: sy eare lteal Figgheed ipan loop,
“@%%ra of c m nents of two communication stations using outer
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Figure6 is a graph of the three systems performance in terms of Block Error

Rate (BLER).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments will be described with reference to the drawing
figures where like numérais represent like elements mroughoutq Outer
loop/weighted open loop power control will be extﬁlained using the flow chart of

- Figure 3 and the components of two simplified communication stations 110, 112 as

stlown in Figure 4. Forthe following discussion, the communication station havin g

its transmitter's power controlled is referred (o as the tra.ttsmi iting station 112 and the

communication station receiving power controlled communications is refex;fed 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

4.



Figure 5 is a graph of the performance of outer loop/weighted 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
(BEER). DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS The preferred embodiments will be described with
reference to the drawing figures where like numerals represent like
eiementsthioyghoif. Gotier dptplveightédwaper Igepveowencontiet willdde the
explained using the flow chart of Figure 3 and the components of two
gimplifiecaco mmunicatignsstationsdih@odddsasre associated with both the base
station 30, and UE 32,

The receiving station 110 receives various radio frequency signals including
communications from the transmitting station 112 using an antenna 78, or
alternately, an antenna array, step 38. The received signals are passed thorough an
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 assigned to the transmitting station’s
communication. The channel estimation device 70 commonly 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 interference measurement device 74, and the transmit power calculation
device 76. The data estimation device 72 recovers data from the channel by estimating
soft symbols using the channel information.

Prior to transmission of the communication from the transmitting station 112, the
data signal of the communication is error encoded using an error
detection/correction encoder 110. The error encoding scheme is typically a circular
redundancy code (CRC) followed by a forward error correction encoding, although other
types of error encoding schemes may be used.

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

detection device 113 detects errors in the soft symbols. A processor 111 analyzes the
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shown in Figure 4. For the following discussion, the communication station
having its transmitter's power controlled is referred to as the transmitting
station 112 and the communication station receiving power controlled
communications is referred to as the receiving station 110. Since outer
loop/weighted open loop power control may be used for uplink, downlink
or both types of communications, the transmitter having its power
‘controlled may be associated with the base station 30/, UE 32/ or both.
diectrd iR, A Sl UBHRARSATEHGT K YoWe FEsAticT SREsBRIGHEOD, step 39.
receiving and transmitting station's components are associated with both .
Biredasetbtation:3@anttd JE@2ksor 1Thdoegeing shatimmdli rédceiyes target
various radio frequency sibmals including communications from the ‘

IdvanSMiling stafian JiRUsinG aRfarennmi8nRalel palelyn saiantanPahanged
array, step 38. The received signals are passed thorough an isolator 66 to

aAETARUREE PSRRI AL P RPORICE I e ARAATHRAMNRIANE Srarget
processed, such as by a channel estimation device 70 and a data
stimation device 72, in the {ime slots and with the ropriate e
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estimation device 70 commonly uses the training sequence component in :
a%%@b‘én@%ﬁ&ﬁﬁﬁ@ﬁr&ﬁ&gﬁ%ﬁ%q%’é&oﬁ? LG SRyl e target
- impulse responses. The channel information is used by the data '
ad@stimanbis dauioted 20 e inteviaréting ainurbhient dewieastag andetHeated or
transmit power calculation device 76. The data estimation device 72
a redcovers cdatarfrbm the channel by estimating soft symbols using the
channel information.  Prior to transmission of the communication from
the Wansreitingstatiaie &iditredatarsignab bhdjescormimitatiarpts deved uses
encoded using an error detection/correction encoder 110. The error
an aggedingacheme iyfienly aleintidaldiedunganeyreeda€ BLoctallowadupper
by a forward error correction encoding, although other types of error _
thr8NFOdingheChepeadval iResksd- an WsibeHietiofiswmkels pipducesibYio be
the data estimation device 72, an error detection device 113 detects ON in

incHogseaft AmbelacA-Proreasak biodnrlyZes el Geleetari RReR I the target

determines an error rate for the received communication, step 39. Based

levOl PR IRN RS nREPIOCRRRaE bilodeianpingsihe MmRU Mt t A0%: Rovel s set

target level, such as a target signal to interference ration (SIRTARGE-r),

at a&%%%%é%#%ﬁr%ﬁ LI ﬁ{kS{BzL%'S 9o btasieR gl S?/&t;ll%@in gthe.

ount, a target adjustment signal is generated

target adjustment generator. 114. The target adiustment,is subsequentl
targ R LR s T S e R B
to (}C%the transmitting station 112, such as u%ggs?og%%aaéggc%%‘efefgn&e}p ove

gﬁrﬁ_ﬂmumcagens using the same ti
performance, as soon as the error rate exceeds the upper iimit, a target adjustment is
sent. Asa result, high error rates are improved quickly and lower error rates are
adjusted slowly, such as once per 10 seconds. If the error rate is between the
thresholds, a target adjustment is not sent maintaining the same target level.

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

follows. Bach CRC block is checked for an error. Each time a frame is determined
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One technique to determine the amount of adjustment in the target level

uses an upper and lower threshold. If the determined error rate exceeds

an upper threshold, the target level is set at an unacceptably low level and
needs to be increased. A target level adjustment signal is sent indicating

an increase in the target level. If the determined error rate is below a

second threshold, the target level is set ai an unnecessarily high level and
t%eh%a\;ggt level can be decreased. By reducing the target level, the
transmitting' Statid I per IeFens sdreAssavedadiyyontaarencectts an upper
other communications using the same time slot and spectrum. To improve
Bushnidh caichs o b ais tetioncor tatedesived dsl ok epper it (BIEBSL a target
adjustment is sent. As a result, high error rates are improved quickly and
fliertetor iatesrénadjusieg tlowltgaudonas.onte pejdd $8609Ms, f die, (ke
error rate is between the thresholds, a target adjustment is not sent
invgistilining thetBand 1arge! Ievelase :ARRYIOMNe abgve technigue t Qhich i
system using CRC and FEC encoding follows. Each CRC blol’gflig"@? hich is
ohaekierifos ameuor Eashiine Adame is.deier ve an error,
counter is incremented. As soon as the co%nter exggg(%ﬁa%%%%}ecrs encolitered
cihreshold gg&%&&oi i e desj d?lo k efror rate (BLER), a .
target adjgitment s sent %ir[gggfﬁwg%g@%g ?é:\g%l, adilst thehe counter is

R LARGEL e fransmitting statiq 11§t e increase, in the !
SIRTARGET ?é%éﬁ#@?@ﬁ@fgcﬁ%}%i fg%}& AhyHes iigdcsiiebb BB Ro A the

n?x%bgrt%? gg@?eé (gLC%C frames encountered exceeds a predetermined

imit, such as L1000 BISEREI M 5168t the ttsitdbresbonharsergsiaibnament
r stold, s{gch as 01 to 0.6 times the desired Bl ER If the number of

.th
Sebtinted Blbdk &G B lstath i ksket Hhwesh didy RiealgenadiofiBat. is 0.25

¢ ﬂg&glri%sent decreasing the target level SIIR - DEC'
© - The value of SIR g may be based on SIR . and a target block error rate,

BLER y4rgrr- The BLER g0 is based on the type of service. A typical range for
the BLER p6pr 15 0.1% to 10%. Equation 1 illustrates one such approach'for
determining SIR ..

SIRpge = SIR e X BLER pppci(1 - BLER s ppr) Equation 1
X the count is between the thresholds for the predetermined block }_imit,la target
adjustment signal is not sent.

Aliernately, a single threshold may be used. If the error rate exceeds the
threshold, the target level is increased. If the error rate is below the threshold, the
targetis decreased. Additionally, the target level adjxislmeat stgnal may have several
adjustment levels, such as from 0 dB tq +4 dB in 0.25 dB increments based on the

difference between the determined error rate and the desired error rate.



to 4 dB. The value of SIRDEG may be based on SIRThE and a target

block error rate, BLERTARGE,T. The BLERTARGET is based on the type

of service. A typical range for the BLERTARGE.T is 0.1% to 10%.

Equation 1 illustrates one such approach for determining SIR. SIRDEG =
SIRING x BLER1ARGET/(1 - BLERTARGET)Equation 1 If the count is
between the thresholds for the predetermined block limit, a target
adljustriaitreiatisunotisent devicAlldrodtdly recsingle threshold raayBenes the
used. If the error rate exceeds the threshold, the target level is increased,
[fishestemorerktelisnbdiowdheithireshalohthe, target i degreasedannel information,
Additionally, the target level adjustment signal may have several
adjtistraghtievels, suchitas froteQiaB teiitdida Q62570 BoinesemMentsy the soft
based on the difference between the determined error rate and the
desitedsenrdchater] Tiferintefereraemeaspsementderies 4406t controls the
receiving station 110 determines the interference level in dB, 'Rs, within
trecthingnel haseaonieibepheclaone) iiarmaiomeaahe soilsymaels 4.
generated by the data estimation device 72, or both. Using the soft
symbalsrandchangetdamintion thedrarsnitipawensalshiation gevies.lq e,
controls the receiving station's transmission power level by controlling the

gaaef ashamplifiar &4 leer weainisstimpdingdne Nathiasshetwegn tpaﬁsmiiting

receiving and transmitting stations 110, 112 and sending data, the
s@@i@tylm@?;?t?&gnasl1@@@%@&@&9@&%“!9@?%thm%H%%%”Qf‘S%QOOarious
112, step 41. The communication may be sent on any one of the various
shannals. TupRally, 3, RSN, e channalsWead{pLaalimaling. mioss
pathloss are referred to as reference channels, although other ¢ antels

sraydasuged. it thadegelving station A1 g %i%l%x%%g 30 the ysed. If the

communication is preferably sent over a downlink common channel or a

. I ical.channel CH). Data to. be.communijcated to
N a0t e S T P L e
e nel data. The reference data may include, , the
R o e e el SR B BT e e
Og %§mig§go tg%w%r level, . The inter&eﬁnce Idavel, | and reference channel
power l6veT, may ba SBRTIESTRLYEhAMALTS U AP SR FeRiHTRE fo as
r('3I'flé;e referencel%]an | data is generated by a reference channel data
S erbratl

S SO SRR Bt 1 Rae R DT U IE Tedrase fovel,

units based gn the communication's bandwidth requirements. A spreading
I‘ﬁh ﬁ?ﬁiéﬂﬁéﬁg@r reference data, such as the transmission power level. The

terference level, Igs, and reference channel power level, may be sent in other channels,
such as a signaling channel. The reference channel data is generated by a reference channel
data generator 56. The reference data is assigned one or multiple resource units based
on the communication's bandwidth requirements. A spreading and training sequence

insertion device 58 spreads the reference channel data and makes the spread
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insertion device 58 spreads the reference channel data and makes the
spread reference data time-multiplexed with a training sequence in the
appropriate time slots and codes of the assigned resource units. The
resulting sequence is referred to as a communication burst. The
communication burst is subsequently amplified by an amplifier 60. The

amplified communication burst may be summed by a sum device 62 with
such as a data

pef et RemmIiAAIgN DWSHAE AL g8

generator 50, spreadingﬂand training éé%{grggélfggééﬁ3%85@8@%5%&5“11@ slots
ARSI e 4l mmed communjcation Qursts are modulated by a
modulator 64. %’ﬁ%%%%{lﬂg’ﬁg isci%r{wlgiplss' passed z’%@)’?&&&ﬂ‘ﬁﬁ‘féﬁéﬁ“&f@é@ﬁ& as a
na.78 as shown or, alternately, through an antenna

J . by.an anter
‘?r‘%%l.ﬁ?h% (8 e (CHASBH I SUGH S Wil sS dHars hemnElsY by an
to an antenng, 82 of the transmitting station 112. The type of modulation
VR T6F the AR SISO AmUIERBOR RS ETaRY lbf thoseddbwa tam device
those skilled in the art, such as direct phase shift keying (DPSK) or
6&%%‘11&1%??‘@ pHESecohikeying (QPSK) creatsEhehantghnde82:0¢, such as a data
~alternately, antenna array of the transmitting station 112 receives various
sragiotredlenuy signatsincliding thedarget acinsimentscI Be Jaealves fie; 54,
signals are passed through an isolator 84 to a demodulator 86 to produce

a basehargrsigaal Jia:haselRnhsignalis RIOFEESES \j@g%@ﬁ@@%&%é The

channel est.imation device_88 and a data. estimation de ,in-
e oo L G e G iy oo
o) o, B AC U AR e reLpo e e rehirndissca
ihﬂ.rﬁ{é%%%%n %EZ%%:CZ Xég.&n% ?g %1?331%?}1?&? SdZe(\)lfi%gcgtcr)a?lrs]Sm%tg? g\;N setzrltion 112,
The type of modulation used for the transmitted communication can be any of those

known to those skilled in the art such as direct phase shift keying (DPSK) or
quadrature phase shift _kcying {QPSK).

The antenna 82 or, alternately, antenna array of the transmitting station 112
receives various radio frequency signals including the target adjustments. The
received signals are passed through an isolator 84 to a demodulator 86 to produce a
baseband signal. The baseband signal is processed, such as by a channel estimation
device 88 and a data estimation device 99, in the time slots a-ﬂd with the appropriate
codes assigned to the communication burst of the receiving station 110, The channel
estimation device 88 commonly uses the !Iainiﬁg sequence component in the

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



The power level of the processed communication corresponding to the
reference channel, R15, is measured by the power measurement device
92 and sent to a pathloss estimation device 94, step 42. Both the channel
estimation device 88 and the data estimation device 90 are capable of
separating the reference channel from all other channels. If an automatic
gain control device or amplifier is used for processing the received
sigratsdhemeasuied poywerdeydlysiadiusted 40:aTectorihesain oty power
these devices at either the power measurement device 92 or pathloss
gstimatian-gewice 94, The power measurement device is a component of
an outer loop/weighted open loop controller 100. As shown in Figure 4,
the outarJogpiweighted open.loop controller 100 comprises the power
measurem(}agnt device 92, paﬁ?lopsoig (éegtsiénﬁﬁ%ﬁnglek\l}}é%a ﬁ? q(fjoarlriﬁsl Ou\(ymg to the
measirement eﬁic_e-96 targe te device 101, and transmif power
calculation dlé\é?(’:e bg!” mcq'so]g %'ﬁ%ﬁ%gqﬁg path lose i ¢ Cevlt?%négrﬂﬂi%ﬁm ©a
ion 112 also reguires,the communication's transmitted power leve|
R B R R DB e, THOAR (e e and the
F}l&ggsﬁ/&@u@eézom ‘ication']'s3 dagg or a signaling channel. If the power
ovel. TS LNt AISny Wit IR LoMMHATRLHB A deicne dupreskpmadmther
qevic 9? Iif'r]terpr_ets the power level and sends the interpreted power level
a iG ; e G 'stat & ‘
S Sath I BE S EEHHETICA BSARED 41cif i e FetdRitystatrdL T recpabe the
station 30,, preferably the transmitted power level, TRs, is sent via the
r5agdagisiRe SE ¢ BRIV Hd BALE sditisis oL cByestbirdbtirggithe! these
received communication's power level, RTs, from the sent
SomsuricEhen i araraiifEd pomwesedericPRY, theppiilidossestithatidevice 94.
device 94 estimates the path loss, L, between the two stations 110, 112,
Ghepageadeitoisalint aldomy termsestionate of thepathloss/Logisietpdatedioop
step 44, One example of a long teim pathloss estimate is a long term
cansrelder THe |drgstermavelager ofithid pathlaskdpdyisgarcavesageopidheroller
pathloss estimates. In certain situations, instead of transmitting the
Iténemitteskpalnepteval, Mddsthereseidngestation 0 MaytRnsMitBvice 94,
reference for the transmitted power level. In that case, the pathloss
qeslimatinnsleviee 04 prddes referencedeneladordhe pRINIAES ghnsmit power
Since 'L DD systems transmit downlink and uplink communications in the
cHamgibeauapsyspectrum, the conditions these communications
experience are similar. This phenomenon is referred to as reciprocity. Due
to regipragiiimthe BRUplassaxPeriancarliar g ownink 14 alRo Be ey e
experienced for the uplink and vice versa. By adding the estimated Ba%
cdAssdnadRieet level; a transmission.power level for a communication from
the tralnsmigtgﬁﬁg sltagtllon P5%6 the ?éc?é‘ﬁii%Lsggt%ﬁ%liﬁa%so%t%?%ﬁggf power
1ol fime delay exists between the estimated path loss and the transmitted
O R o e 0 TR i v chammel. 1

cOmmunication may differ from { Iculated loss. In TDD where

the power Jhva ang 5 11 3 eﬁ Igationged AL
&vat SBhe IR GEth (P Liote 581086 ke tinddiotdenyon

communication
between received and transmitted communications may degrade the

deXieSihiaBucSt Ui BpaAr sy patesndsiednisemsiad Pensvérrehir tresathloss

drawbacks, weighted open loop power control determines the quality of

estatenderins Fhnidhs trapiyiagaisimdassre bt teinod30,, preferably the

transmitted power level, Tgs, is sent via the broadcast channel (BCH) from the

base station 30,. By subtracting the received
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96, step 45, and weights the estimated path loss accordingly, L, and long
term average of the pathloss, Lo. To enhance performance further in
outer loop/weighted open loop, a target level is adjusted. A processor 103
converts the soft symbols produced by the data estimation device 90 to
bits and extracts the target adjustment information, such as a SIRTARuUT
adjustment. A target update device 101 adjusts the target level using the

éfﬂﬁxhﬂ?éﬁﬁgﬂ(ﬁ %O Q-s,%? ROSHBIIRIISYH BRRG AARIAR G Bd power

target receive wer level at'the receiving station 110. The trans

0 calculation device 98 co ines the adjusted ta et I veI
s DAL B BN o7 ORETSE A E A ot B e the
estimate, Lo, to determine the transmission power Ievel of the transmlttlng :
i@t@ﬁ&ﬁﬁ@téﬁw D terpéirahdditennlly axchmmimiestisinisnofhiée pathioss,
transmitting station 112 is produced by data generator 102. The data is
Lgrisugdireticnigodrecion erangeldiiaéomy tetagtidhloosredfionte ncadeng term
110. The en-or encoded data is spread and
average. The long term average of the pathloss, Ly, is an average of the pathloss

estimates. In certain situations, instead of transmitting the transmitted power level,
Trs, the receiving station 110 may transmiit a reference for the transmitted power
level. In that case, the pathloss estimation de:vicé 94 provides reference levels for the
| pat}ﬁoss, i,
| Since TDD systems transmit downlink and uplink communications in the
same‘ frequency spectrum, the conditions ihcse. communications experience are
similar. This phenomenon is referred {o as reciprocity. Due fo reciprocity, the path
' ‘Ioss experienced for the downlink will also be experienced for the uplink and vice
- versa. By adding the es ﬁ'mated path loss to a target level, a transmission power level
for a communication from the transmitting station 112 to the receiving station 110
is determined. |
If a time delay exists between the estimated path loss and the transmitted
communication, the path loss experienced by theirg.nsznitted communication may
differ from the calculated loss. In TDD where commumications are sent in differing
time slots 36;-36,, the time slot delay between received and transmitted
communications may degrade the perforr;lance of an open loop power control

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

=11



time-multiplexed with a training sequence by the training sequence
insertion device 104 in the appropriate time slots and codes of the
assigned resource units producing a communication burst. The spread
signal is amplified by an amplifier 106 and modulated by modulator 108 to
radio frequency. The gain of the amplifier is controlled by the transmit
power calculation device 98 to achieve the deteimined transmission power
level. The power controlled communication burst is passed through the
deisransn@4langua tiatd dhoy sHoarmd path &xs nsinghgdalicyincpisionecotdrvice
loop/weighted open loop power control algorithm. The transmitting
stations's transmission power level in decibels, P-rs, is determined using
Equation 1 P75 SIRTARGE?7 IRS a(L-L0) + Lo + CONSTANT VALUE
Equation 2 The SIRTARGET has an adjusted value based on the received
target adjustment it signals. For the downlink, the initial value of
SIRTARGETr is known at the transmitting station 112. For uplink power
control, SIRTARGET is signaled front the receiving station 110 to the
transmitting station 112. Additionally, a maximum and minimum value for
an adjusted SIRTARGET may also be signaled. The adjusted
SIRTARGET is limited to the maximum and minimum values. J the
measure of the interference power level at the receiving station 110.

~{la-



L is the path loss estimate in decibels, 11R5 - RTs, for the most recent
time slot 361-36" that the path loss was estimated. Lo, the long term
average of the path loss in decibels, is the running average of the
pathloss estimate, L. The CONSTANT VALUE is a correction te in. The
CONSTANT VALUE corrects for differences in the uplink and downlink
channels, such as to compensate for differences in uplink and downlink

%n.s,géddﬁi nally, the CONSTANT VALUE may provide correction if the
transmil po ERREL & rotitated caatindpstatiomidimahsrittedd long term

instead of the actual transmit power, TRs. If the receiving station 110 is a

BASE EaibH G lorsTANT VALUE is preferably sent via a Layer 3
The weighting value, a, is a measure of the quality of the

messagg?i
estimat&d pHthrios pardriszpeefarailys hasedon, pIked BEQH‘E}%E}% target

361-36 between the time slot, n, of the last path loss estimate and t

firselimedslotef the pereswcatiDBIERSMINEd by Ek}g]@&ﬁfﬁ}‘c‘)%@@eét%%‘f’&e data

112. The value of a is between zero and one. Gener e time

cliffeignse hehveen &*&%ﬁi{?%ﬂ%%ﬁc?ml%r%eé Y g}t Ogﬁakél?l los ef?ggéng%tl;such as

. ; 8
will be fairly accurate and a is set at a value €lose 16

dlegrtime diffg g&ﬁﬂ large, the path loss estimate may not be accurate
and {ﬁécfgngltenn g\%%{gqé’f 5%%0%%6 85’§§rinﬁ§e?ﬂli§qﬁlg§t fKerf i pewewing the
.Accordingly, a is set at a value closer to zero.

j for the path lo
iﬁ%&%%s gl}%, f%% U HE4S @mﬁ@@Sﬁﬁdgﬁaraiarget receivgd

Equations

1)/(Duu.cl)Equation 3
poz)vgar ?evei)at 1e receiving station 110.

The transmit power calculation device 98 combines the adjusted target level”
with the weighted path loss estimate, L, and Iong term average of the péthloss
estimate, L, to determine the transmission power level of the transmitting station,.
step 47,

Data to be transmitted in 4 communication from the transmitting station 112
is produced by data gencrator 102. The data is error detection/correction encoded
by error detection/correction encoder 116. The error encoded data is spread and
time-multiplexed with a training sequence by the training sequence insertion device
164 in the appropriate time slots and codes of the assigned resource units producing
& communication burst. The spread signal is amplified by an amplifier 106 and
moedulated by znodulator,IQS to radio frequency. The gain of the amplifier is
controlled by the transmit power calculation device 98 to achieve the determined
transmission power level. The power controlled communication burst is passed

through the isolator 84 and radiated by the antenna 82.
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a =max {1-(D-1)/(D_,j -1), O}Equation 4 The value, D, is the number of
time slots 36-30 between the time slot of the last path loss estimate and
the first time slot of the transmitted communication which will be referred
to as the time slot delay. If the delay is one time slot, a is one. D,"™,, is the
maximum possible delay. A typical value for a frame having fifteen time
~slots is seven, lithe delay is Dflux, a is zero D,,,u"ed is the maximum
lot delay for using open loop power control. If the delay

allowed time. s |
exceedsegaa?é‘ﬂ%ﬁwg RtRl e EhdediverndapRa oty setiiglacrithm,
% Using the transmit power level, Pis, determined by a transmit power
LBt iRy R OB et transtisitipowerof tioedt anstoitied Samuisnieationyed
- is set. Figures 5 and 6 compare the performance of the weighted outer
Umgﬂﬁﬁw‘open loop and closed loop systems. The simulations in
Figures 5 and 6 were performed for a slightly different version of the outer
loop/itgightéH gpen lpap, algguittiyy Inithis wessiomAReIaaGt SER 41ation 2
updated every block. A SIRTARGET is increased if a block error was
deteqtid 81 cregseg| I ted. .-The outer . ,
]thﬂl%{:'r (ﬂgﬁm a%eoﬁfyyéé (%?&3%1 CCely 68 éa\lli%{% ﬁ%’é“& [{8(3111

loop/weighted open loop system used Equatio quation
erforma of the systems

sighRlEV 86 fn TG SITpations compared ¢ >
controlling a UE's 321’&2)%%%?22%%%%@ eW?ﬁé?%&%ﬁﬁ%ﬁ@?%ﬂmﬂg
block, | e simulation, each block was 4

stafRCRits were padded ever 7 o
amas A DSk Er AL GeeFat whty sncentt 840 H46d ieaiahs secdving
Qver. 3@&oc‘$ﬁThe uplink communication channel is assigned one time slot

Sm’%%’rl‘ ERA Y HrgRtsa R Eck i b ddid sgalye THESIRMARGBHiSnUm
d every 4 frames. The simulations address the performance of

.update
"alﬁ?i% st rsh alBF 82t faveilkie Ac3gambtethperdioundTRiR 1, , - is

simulated base station used two antenna diversity for reception with each

LmiseRlar B ngigrahres inigém RWKGEI vese iygris Thesimslation the interference

approximated a realistic channel and SIR estimation based on a
Povigidarsbie derrenceing bursbtyped. field in '

Listhe path loss estimate in decibels, Tyg - Ry, for the most recent time slot
36,-36,, that the path loss was estimated. L. the long term average of the path loss
in decibels, is the rupning average of the pathloss estimate, L. The CONSTANT
VALUE is a correction term. The CONSTANT VALUE corrects for differences in
the uplink and downlink channels, such as to compensate for differences in uplink
and downlink gain. Additionally, the CONSTANT VALUE may prdvﬁdc correction
if the transmit power reference level of the receiving station is transmitted, instead
of the actual ‘tmnsmit power, Tye. If the receiving station 110 is a base station, the
CONSTANT VALUE is preferably sent via a Layer 3 message.

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

and is, preferably, based on the number of time slots 36,-36, between the time slot,

-13.



the presence of additive white Gaussian noise (AWGN). The simulation
used an International Telecommunication Union (ITU) Pedestrian B type
channel and QPSK modulation. Interference levels were assumed to have
no uncertainty. Channel coding schemes were not considered. Lo was set
at 0 db. Graph 120 of Figure 5 shows the perfonlance as expected in
terms of the required Es/No for a BLER of 10-1 as a function of time dﬁlay
between the uplink time slot and the most recent downlink time slot. The
e R i A A PR SOReT 518 PR Gy it
%%r[glex symbol. Figure 5 demonstrates that, when gain/interference

c

Ftﬂﬁ?ﬁ@%%ﬁ%? 8?9]65 %h@qﬁé{ﬁ%ﬁﬁéﬁdé between zero and one. Generally, if the

time difference between the time slots is small, the recent path loss estimate will be fairly
accurate and « is set at a value close to one. By contrast, if the time difference is large, the
path loss estimate may not be accurate and the long term average path loss measurement is

most likely a better estimate for the path Joss. Accordingly, a is set at a value closer to

Zero.
Equations 3 and 4 are equations for determining .

a =1 -(D- (DuaD Eqguation 3
o =max {{D- I Dy - 1), 0} Fqguation 4

The value, D, is the number of time slots 36,-36, between the time slot of the last path
loss estimate and the first time slot of the transmitted communication which will be referred
to as the time slot delay. If the delay is one time slot, o is one. D nax 15 the maximum
possible delay. A typical value for a frame having fifteen time slots is seven. Ifthe delay is
D pnax, 0018 Zer0 D atiowed 15 the maximum allowed time slot delay for using open loop power
control. If the delay exceeds Dy pcapowe 0pen loop power control is effectively turned off
by setting o = §. Using the transmit power level, Prg, determined by a transmit power
calculation device 98 the transmit power of the transmitted communication is set.
Figures 5 and 6 compare the performance of the weighted outer loop/open loop,

open loop and closed loop systems. The simulations in Figures 5 and 6 were

-14-



of the combined system is almost identical to that of weighted open loop
system. The combined system outperforms the closed loop system for all

delays. In the presence of gain and interference uncertainties, the
transmitted power level of the open loop system is either too high or too

low of the nominal value. In graph 122 of Figure 6, a gain uncertainty of -2

dI3 was used. Figure 6 shows the BLER as a function of the delay. The

initial reference SIRTARGEF for each system was set to its corresponding

ndmfi %Sﬂjéoéb%a?HéHtWoﬁifﬁq@ﬁ@@?ﬁﬁﬁr@érﬁmamkﬁavhaap&kzagméd@pen loop
Figure 6 shows that, in the presence of gain uncertainty, both the _

c ntidlbisedelsom systamgaciRve theidesiredeBtBRThey s e S
performance of the weighted open loop system severely degrades,
Clsrms:difadserkatipment(tiE) faredniroling BRSMISSION HOWEL ¢ detected.

levels in a
The outer loop/weighted open loop system used Equation 2. Eqguation 3 was used
to calculate o, The simulations compared the performance of the systems controllin g
a UE's 32, transmission power level. For the simulations, 16 CRC bits were padded
every block. In the simulation, each block was 4 frames. A block error was declared
when at least two raw bit errors occur over a block. The uplink communication
channel is assigned one time slot per frame. The target for the block error rate is
10%. The SIRp,pepr is updated every 4 frames. The simulations address the
performance of these systems for a UE 32, t_raveling at 30 kilometers per hour. The
simulated base station used two antenna diversity for reception with each antenna
'having_ a three finger RAKE receiver. The sixﬁuiaﬁon approxizﬁatcd a realistic
channel and SIR estimation based on a midamble sequence of burst type 1 field in
the Vpresence of additive white Gaussian noise (AWGN). The simulation used an
International Telecommunication Union {(ITU) Pedestrian B type channel and QPSK
modulation. Interference levels were assumed to have no uncertainty. Channel
coding schemes were not considered. L, was set at 0 db.
Graph 120 of Figure 5 shows the performance as expected in terms of the
required E¢/N,, for a BLER of 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. E is the energy of the complex symbol. Figure 5

-15.



system employing a spread spectrum time division duplex (TDD)
technique having frames with timeslots for communication, the UE
comprising: a measuring device config-ured to receive, during a
first time slot, a communication including a power level and measure the
power level of the received communication and an interference power
level; a pathloss estimation device configured to determine a
pathloss estimate, based in part on the

pathiRss estimate and a long, ter ]
measu reﬁo%ﬁ&%?%ﬁ@%@@%ﬁ%ﬁem%ﬁs areignogeduthtiyerformance
%%q%uremeg%?davice configured to determine a first quality factor, a and a

second Ay e cwsiters 5 meshidrsiostnithateobasegtincpasben Rop system.

[%ber of timeslots, D, between the first and a second timeslot; and
a tArTSHIPpBWE Ealbuator devissiroriigudctdp ses@tiansRIISSONs.
power level for transmission during the second timeslot based in part by

adding théhsaioss-estimate multiplietthy toafitst GUalibs fACra R mitied power
long-term pathloss estimate multipied by the second quality factor, to the

reabofebicmparierenceypaelsienabiies [RIgeLSIgRabY iaifersnce ratio,
me

to a constant value. 2. Thg UE of c!aim 1 Where!n a maximum ti
sty 0o, AgTUIE AN AETINGH B 6 e i
BloEeIRY i9:R1i8n of (he delay. The initial reference SIR gy for each System was
set to ifs corresponding nominal value obtained from Figure 5, in order to achieve
a BLER of 107, Figure 6 shows that, in the presence of gain uncertainty, both the

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

the Weighted open loop system severely degrades.

b % *
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allowed and the determined quality, a is dete_rmined by: a= max
(1-(D-1)AD",,,an0"ed-1), 01. Outer Loop/Weighted Open Loop Power
Control In A Time Division Duplex Communication System Abstract of the

Disclosure Outer loop/weighted open loop power_contr_ol_ c_ontrols
transmission power levels in a spread spectrum time division duplex

communication system. A first communication station

CLAIMS:

1. A user equipment (UE) for controlling transmission power levels in a
system employing a spread spectrum time division duplex (TDD) technique having
frames with timeslots for communication, the UE comprising:

a measuring device configured to receive, during a first time slot, a
communication including a power level and measure the power level of the received
comnmunication and an interference power level;

a pathloss estimation device configured to determine a pathloss
estimate and a long term pathloss estimate, based in part on the measured power
level and the received power level;

a quahity measurement device configured to determine a first quality
factor, g and a second quality factor, 1- a of the pathloss estimate based in part on a
number of timeslots, D, between the first and a second timeslot; and

a transmit power calculation device configured to set a transmission
power level for transmission during the second timeslot based in part by adding the
pathloss estimate multiplied by the first quality factor, to long-term pathloss
estimate multipied by the second quality factor, to the measured interference power

level, to a target signal to interference ratio, to a constant value.

2. The UE of claim 1 wherein a maximum time slot aelay is D, and the

determined quality, g iz determined by:
a=1-(D-DAD, -1

3. The UE of claim 1 wherein a maximum allowed time slot delay is D,
alioweq 811d the determined quality, a is determined by:
a= max {1-(B-1/(D, .. aowes-1), O}



(110) transmits a communication to a second communication station
including target adjustment information generated at the first station on the
basis of measured error rates of communications from the second station
to the first station. The second station receives the communication and
measures its received power level. Based on in part the received

comr@ﬁ@& ion e§ ﬁ;IF]an the communication's transmission

power level, RS HREPIATGLER dfite Biiviosd uplex

estimate is also determlned SN EHARLSH PP evel for a
communication from the second station to the first station is based on in
part weighting the path loss e tlmate |n response to the estimate's quality
and based on the receive targeEaditkeddisistanget adjustment
information transmitted from the flrst statlon Figure 4,

Outer loop/weighted open loop power control controls transmission power levels in a
spread spectrum time division duplex communication system. A first communication station
(110) transmits a communication to a second communication station including target
adjustment information generated at the first station on the basis of measured error rates of
communications from the sccond station to the first station. The second station receives the
communication and measures its received power level. Based on in part the received
communication's power level and the communication's transmission power level, a path loss
estimate is determined. A quality of the path loss estimate is also determined. The
transmission power level for a communication from the second station to the first station is
based on in part weighting the path loss estimate in response to the estimate's quality and

based on the receive target adjusted by the target adjustment information transmitted from the

first station.

Figure 4.



