6 Cctober 2006 WEI GHTED OPEN LOOP POANER CONTROL IN A TIME DIVISION DUPLEX
‘COVMUNI CATI ON SYSTEM BACKGROUND This invention generally relates to spread
spectrumtime division duplex (TDD) conmunication systeR&ctaypiz006
particularly, the present invention relates to a-system and nethod for
controlling transm ssion power within TDD conmunication systens. Figure 1
depicts a wireless spread spectrumtime division duplex (TDD) -

conmmuni cati on system The systemhas a plurality of base stations 301-30,.

Each basewtfemﬁqgﬁ%m% )3 h:o&;geﬂwmtgm PIVIsieN 323 1 n
2 Ue 521 are referred DUPHER] RESKSEERN G Cormuni cat 1 ons

transmitted froma UE 321 to a base station 301 are referred to as uplink
conmmuni cations. In addition to ' ' over different frequency
spectrunms, spread spectrumiDD mﬁfﬁ) mul ti pl e conmuni cati ons over
the sanme spectrum The nultiple signals are distinguished by their
respective :«chip code sequences (codes). Also, to nore efficiently use the

spread.spectr Ufjis TR nidon! Sdieraty rélhtés!todppéhd §%ecﬁiu91‘t”tﬁn@ dikiiﬁiohetg.gpﬂ& ng

frames 34 divided into a nunber” of time slots 361-36,,,, Such fifteen
L\ e e o ST e BB RS R T '
carrying multiple comunications distinguished by both tinme slot 36, -36,
and code.asybenuar] method for controlling transmission power within TDD communication
systems. .
Figure 1 depicts a wireless spread spec@m time division duplex (TDD)'
communication systeri. The system has a plurality of base stations 30,-30,. Each
base station 30, communicates with user equipments (UEs) 32,-32; in its operating
area. Communications transmitted from a base station 301 to a UE 32, are referred
to as downlink communications and comunicaﬁens transmitted from a UE 32, to
a base station 30, are referred to as uplink communications.
In addition to communicating over different {requency spectrums, spread
S speetrurnTDD systems carrymultiple communications over the same sl‘)cetrum. The -
multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeating frames 34 divided in_to a number of time slots 36,-36,,, such
as fifteen time slots. In such systems, a communication is sent in selected time slots
36,-36,, using selected codes. Accordingly, one frame 34 is capable of carrying

multiple communications distinguished by both time slot 36,-36,, and code. The use
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| 6 October 2006 of a single code in a single time slot is referred to as a
resource unit. Based on the bandwi dth required to support a commrunication,
one or nultiple resource units are assigned to that comfiffadat?@8. Most

TDD systens adaptively control transm ssion power levels. In a TDD system
many comruni cati ons may share the sanme tinme slot and spectrum Wen a UE

321 or: ba station 301 i.s receivjng a,.specific communication, all the

ot her C&?ﬁ"{ﬁﬂ‘%@@ﬁgﬂ&ql etq{Beéé’ttrgg qqf;@ecgfqﬂs HFRFOUEREUI [ B asadsen the
interference to the specific comunication. Increasing the transm ssion
pover | ewtandefidibnequiredtosusmairt @ bonegrmcaion, bae ot ﬁﬁﬂﬁgﬁ&@éﬂt&&c @hitfhde Ot her

comuni cations within that time slot and spectrum wever, reducing the
transm ssjigon Level taog far results in undesirable signal to noise
rati os (ﬁﬁgﬁlg(gﬁ%&ﬁitfxm%qm?’%?%s (BERs) at the receivers. To naintain
both the signal quality of conmunications and | ow transm ssion power

| evel s, transiestiAaDxysemeadaptively controd drannissmmproeaticvdsnin & MBI SSi on
power control in a code division multiple access (CDMA) comuni cation

system i Cr.i | . i | n. et . A
7 anam t P oG S bdtinblafCantis Bk e etalhe (e ofcr PG bk
reception, the received signal power is neasured. The received signal power
i s conpaRddEtdprdeaserséatiqnedli iscgceivifimp spevidic. comamuaticationhall theptherson, a
control bit is sent to the transmtter either increasing or decreasing

transni sghatnBidRionYuding fth 88ma HE kot 2hAGPebdm' SRSE YRE SRS 8 heNt I o

signal to the transmtter to control

specific communication. Increasing the transmission power level of one
communication degrades the signal quality of all other comrnunications within that
time slot and spectrum. However, reducing the transmission éower level too far
results in-undesirable signal to noise ratios (SNRs) and bit ervor rates (BERs) at the
receivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power control i§ used.
One approach using transmission power control in a code division multiple
access (CDMA) (;qmgnication ;systpm 1s descnbcd in._I_.J'_.S.. .Pa_t.tent_ _No. 5,05 6, 10§
+.{(Gilhousen et-al.). A trangmitter"sends a communication to a particular receiver.
Upon reception, the received signal power is measured. The réceivcd signal power
~ is compared to a desired received signal power. Based on the comparison, a control
bit is sent to the transmitter either increasing of decreasing transmission power by a
fixed amount. Since the receiver sends a control signal to the transtmitter to control

the transmitter's power level, such power control techniques are commonly referred

to as closed loop.




the transmtter's power. | evel, such power control techniques are comonly
referred to as closed |loop. -2 6 October 2006 Under certain conditions,
the performance of closed | oop systens degrades. For i nstdfrieber £406

conmuni cations sent between a UE 321 and a base station 301 are in a _
hi ghly dynam c environment, such as due to the UE 321 noving, such systens
may not be able to adapt fast enough to conpensate for the changes. The

update rate of Uildesedrthizogoratitiens,thepexrforiance ofglosad 10bpBysiamedegradso
cycles per second which is not sufficient for fast fading channels. EPO

o for EpmERecadl GRRMLBR DL BEPE A TE bl La G 30§

nobil e telephony system To determ ne the transm ssion power |evel, the

mean val ue&h%i%% %ﬂ%ﬁﬁﬁﬁmd@itgmmmmmgpmm@stm BiG

det er m ned the nmean values, an anticipated signal strength and
signal duality are cal cuI ted fo subsequent .t i eri assum he
transni ssi ®9f Beotile t¢ adaps; ﬁ%%ﬁ%’@hfﬁ g%é ?ﬁ@?%ﬂ&ﬁ%%nup& F"ﬂgé’%el
at the subsequent tinme period is adj usted based on the anticipated val ues.

VD 98 4596@odedlioopl seer coBillind dypicat TDD alybtenpisal 00 eyedes pari secopdweiichevel
.of a nobile termnal in a satellite conmunication system The power control

met hod has, bot h ¢l osed-| and ,an _aopen-1 oop el enent. _For t he cl osed-1oop
el enent , tﬂ%é‘%é‘é@i‘g?’étt oaﬁa@iﬁ@mgaﬁlpgmp e mobil e terninal's power setting
based on the strength of the signals received fromthe nobile termnal.

The base stati 0EPM@95@Wmsclosesamemod for regulating or adjusting transmission

power for signals between a mobile station and a base station in a digital mobile
felephony system. To determine the transmission power level, the mean‘valucs of
the signal strength and signal transmission quality are determined. Based on the
mean values, an anﬁcipatcd signal strength and signal quality are calculated for a
subsequent time petriod, assuming the transmission power is maintained unchanged.
‘The transmission power level at the subsequent time period is adjusted based on the

anticipated values.

WO 98 45962 A discloses a method for controilmg a transn:ussmn poﬁer- |
“‘Ie.vei of a mobzlc- tenmnal ina satelktc commumcatmn system 'I‘hc power control
method has both a closed-loop and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power sefting based on the
strength of the signals received from the mobile terminal. The base station takes into
account the propagation delays of the satellite system in the power setting
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
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account- the propagati on delays of the satellite systemin the power setting
determ nation. For the open-loop elenent, the strength of the received
~signal from the base station in each frame is conpared B&ctoher 2606 engt h of

the signal received in 3_ 6 Cctober 2006 the previous frane. The transmt
power of the nmobile termnal is adjusted inversely wth the variations in
t he observed signal strength. Accordingly, there is a need for alternate

appr oatiregreviousdicamai Theittamamitpewet ¢f hednolsite terRRRAliS SHRBLAPHREreRY €' S-

SUMVARY I n accordance with a first aspect of the present” invention,” there

' is X s b tiop . .for trolli
{7 ansnyagr e YardBOAPE Lo BRFYA! 4BHaRiRt b 2eotfieliuiar s snoed o ox

t echni que having frames with tinme slots for communication, conprising: (a)
recei v&ﬁ@jﬂatwwwatﬂms toimﬂ’nﬁinmigrmlkjuaﬁtyn@mmimkhﬁéhioﬁ?gw&lil@ge@ '
transmi ssion power level; (b) neasuring a power level of the first

comuni cation; (c) determning a path |oss estinmate based in part on the
power |evel: determined at step (b) and the transm ssion power |evel
obtained at step (a); (d) determning a long termpath |oss estimte based
on prior received path | oss est SUHVBdARENd (e) setting a transmi ssion
power |evel for a second communication in a second tinme slot based in part

O e o2t SRS BT S B el RS0, B Bl R
second factors area function.of .a tine separati.on between the first and
econd ied irrratie &6t SaH0h K0 conta SR GHEP ISP e PoYer IHES JFEBant
| nvent isgrnehd tsgeex:ru%mil Y%ime division duplex technique having frames with time slots for
communication, comprising: (a) receiving, in a first ﬁme slot, a first communication
including a transmission power level; (b) measuring a power level of the first
communication; (c) determining a path loss estimate based in part on the power level
determined at step (b) and the transmission power level obtainéd at step (a); (d)
determining a long term path loss estimate based on prior received path loss estimates;
and (e) setting a transmission power level for a second communication in a second fime
slot based in part on the path loss estimate weighted by a first factor and the long term
path loss estimate weighted by a second factor., wherein the first and second factors
" area function of a time separation between the first and second time slots.
- .In accordance with a secbnd aspect of the present invention, .there is
provided a method for operating a base station for controlling transmission power
levels using a spread spectrum time division duplex technique having frames with time
.slots for communication, comprising: (a) receiving, in a first time slot, a first
. communication including a reference for a transmission power level; (b) measuring a

power level of the first communication; (c) determining a reference level for a path loss

- estimate based in part on the power level determined at step (b) and the transmission




provi ded a nmethod for operating a base station for controlling transm ssion
power levels using a spread spectrumtine division duplex technique having
frames with time slots for communication, conprising: (8Pckeeed®ng, in a
first tinme slot, a first conmunication including a reference for a

transm ssion power |evel; (b) neasuring a power |level of the first

comuni cation; (c) determning a reference level for a path loss estinate
based in part on the power |evel determined at step (b) and the

transm ssion -3a 6 Cctober 2006 power |evel obtained at step (a); (d)
determning a reference for a long termpath |oss estinmate based on prior
recei ved path loss estimates; and (e) setting a transm ssion power |evel

for a sgs@adleeamﬂemﬁe@aﬂ &b @i 1) REPRhikE rﬁere?ér@ﬁcebﬁ)?eéjloing temgphupn the path

| oss estimate weighted by "a rst factor and the long term path | oss

esti mat gysvedghied vayed o'ileg)%ii feBGV& Paﬂ‘h%éf%: gst:&meg‘-i A (gﬁgé?ﬁﬁgcwd factors

are a function of tinme separation of the st and sec I sl ots.

o EF leasiliSslod bovdr 16vd FaNddae cofrinflitfi&itibn'ih 'a‘ét'éé&ﬁlttﬁﬁe ﬁop&is?& il t TDD

system Figure ustrates tine slots In repeating Tranes of a TDD system

Figure 31§, @l}g {;@Wg&g%ﬁm% »g@glgfga ngg a%ﬁféc&?%nmg%%qm @Lth logP 6 Cctober

2006 gure I agram nents 0O co nrcation stations

using  uei.ght %iéﬂ?&ﬁblf AL BREFhctsD rQJE!I{e?«l:in the first and second factors are a

function of time separation of the first and second time slots,

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a prior art TDD system.
- Figure 2 illustrates time slots in repeating frames of a TDD system.

-Figure 3 is a flow chart of weighted open loop power control.




Figure 5 depicts a graph of the performance of a wei ghted open | oop, open
| oop and cl osed | oop power control systemfor a UE noving at 30 kil oneters

per "hour (kmh). Figure 6 depicts a graph of the three dRE2006
performance for a UE noving at 60 km h. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBCDI MENTS The preferred enbodi ments will be described with
e nuneral s, represent |ike

reference to Lge drqim\'fgg‘g.fi ures where |i I '
el enent s t hr out}SHE. @‘ﬁg@gn(? SRMBOHENIS Y [0 copmmpaicatipn stasionsusing ned
using the flow chart of Figure 3 and the conponents of .two sinplified

comuni caweightet apémlvoppbvertbat@$. shown in Figure 4. For the follow ng
di scussion, the communication station having its transmtters power

~controlled is [ as_the ansni.tting statiqon 112 and the

conmuni cat i on F@gﬁsg pﬁcgﬁgigﬁquboé © Wg? Péﬁ“@d HiqPsnilene, open
referred to as the receiving station 110. Since wei ghted open | oop power
control nlagpkedwlestdfioop powenicontmdspitemifoon B notinges 30 kitanskeR feations,
the transmitter having its power controlled naybe | ocated at a base
station 3y 1 or both. Accordingly, if both uplink and downlink
power control  ar€ used, the receiving and transmitting station's
conponents are_located at both the base station 301 and UE 321. For use in
estimating t h&igure6 depictsregmpbiofithe three sysiims) parformancesfuratUBgnetiagi ons
110, 112, the -4 6 Cctober 2006 receiving station 110 sends a

communi Cak i60knh/. the transmtting station 112. The

DETAILED DESCRIPTION OF THE PREFERREI_?;_EMB ODIMENTS

The preferred embodiments will be described with reference to the drawing

figures where like numerals represent like elements throughout. Weighted openloop

- power controf will be explained using the flow chart of Figure 3 and the components

of two simplified communication stations 110, 112 as shown in Figure 4. For the

following discussion, the communication station having its .-t-ransmitter's power
controﬂed is. rgfer;‘tf,d to as the_z transmitting station 112 and the communication
~-station receiving power controlled communications is referréd to as'thé rcceivi.ng. '

station 110. Since weighted open loop power cbntrol may be used for uplink,

. downlink or both tsrpes of coﬁnnunications, the transmitter having its power
controlled may be located at a base station 30, UE 32, or both. Accordingly, if both
uplink and downlink power control are used, the receiving and transmifting station's
components are located at both the base station 30, and UE 32,. For use in

estimating the path loss between the receiving and transmitting stations 110, 112, the
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conmuni cation may be sent on any one of various channels. Typically, in a
TDD system the channel's used for estimating path loss are referred to as
reference channels, although other channels may be used$ Qaobehgd0fecei vi ng
station 110 is a base station 301, the comunication is preferably sent
over a downlink conmmon channel or a Common Control Physical Channel
(CCPCH). Dat.a, to bhe Cf nicated to the transmtting station 112 over the
r ef er enc dCCHRAG LTS i@‘#‘%m S CoRIRIGatiog, ta {he transmHEng station Ik Theer ence
channel data is generated by a reference channel data generator 56. The

r ef er enceogtha@nictiGit fa§Rosen® 0f @y dfié of Vakiduk SRS ng 93RE4TPD t he

communi cation's bandw dth requirenments. A spreading a tral ni ng sequence
i nsertion_devi 58 spr.eads,the r.eferenc hannel data,and makes the
spread  BFSFth de aBASRIS RSB o7 osliEeBhE ot 108 Pearcleal da screéaonee « he
appropriate tine slots and codes of the assigned resource units. The

resul t i ngharmplenitbough otee chathelomag baussinifihic ¢eddivinglatitiin 11016 a base
conmmuni cation burst 1s subsequently anplified by an anplifier 60. The

anplified, .c pcation hurst e.sumed b su evice 62 with any
other  comR Dnthe RO up R in AR BRI e fucha S HERE Fobion it
generator 50, spreading and training sequence insertion device 52 and

anpl i fi eoraommmendConted PhysinaliGhonnél (ECRIHYL s are nodul ated by a nodul at or
64. The nodul ated signal is passed through an isolator 66 and radiated by
an antenna 78 RIoNE, I -&ﬁlr@%ﬂ] step 38.
The radi ated g%anal S I%%%%[géd&tﬁgggfg%hﬁ(%symﬁre ess &?%g?éggﬂglﬁ%rgf& to an

antenna 82 of the transmtting statjon 112. The tyPe of -5
. ~ channel is referred to as reference channel data. The reference chaniiel 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 S8 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 1s referred to as a communication burst. The
communication burst is subse-quéntly ampl_iﬁed by an amplifié_r 60. The amplified
* communication burst 'ﬁlay_ be summed by a sum device 62 with aﬁy dthef
communication burst created through dcvices, such as a data generator 50, spreading
- and training sequence inser'tiohn device 52 and ampliﬁér 54. The summed
communication bursts are modulated by a modulator 64. The modulated signal is
passed through an isolator 66 and radiated by an antenna 78 as shown or, alternatély,
through an antenna array, step 38. The radiated signal is paséed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The_, type of
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6 Cctober 2006 nodul ation used for the transmtted conmunication can be
any of the those known to those skilled in the art, such as direct phase

- shift keying (DPSK) or quadrature phase shift keying (QoSkgebeT#¥6ant enna
82 or, alternately, antenna array of the transmtting station 112 receives
various radi o frequency signals. The received signals are-passed through

an isolator 84 to a denodul ator 86 to produce a baseband signal. The

baseband mgigh@ibnised focthesemsnittiehcanmdopicatiohzan ®e aaytof i those Havivae 88
and a data estimation device 90, inthe tine slots and with the

appropriat e, codes. ed .t he dis& nicatkgn' s b The ann
esti mat i off B8 glgl g‘%ﬁﬂﬁ c&]‘s ‘f‘?%P caﬁﬂftﬁ(gqi%ﬁéﬁég) 85%%&% ®in the
baseband signal to provide channel i nformati on, such as channel inpul se

r esponsesphasbehiftkeyiaf (QPSK)rati on is used by the data .estimation device
90 and a power neasurenent device 92. The power |evel of the processed

Che power meastieRERLIARY L. Bshaly, SAERRRaRal OF PiFtrancilitnd SaBRTERTT Y

94, step 40. The channel estimation device 88 is capable of separating the
r ef er encereceivasimations mdiafieqaennsysignadainEhe receiveshsignals sea-passedithrovght r ol
‘device or anplifier is wused for processing the received Signals, the

measur ed ﬁpﬁgiat&esf@'m IaSd b UALRY §6Oto HRHDESh Ha@ébédaem ﬁaln Phe b&f&ﬁn&evf ces

at either povier measurenent device 92 or the pathloss estimation
Foaui T es SR IEDRIRERTSCION 1§ A CHRGR SISV Ge A s R RBOTRUA i 1 e
power |evel, T., )
' device 90, in the time slots and w1th the appropriate codes assigned to the
communication's burst. The channel estimation device 88 comumnonly uses the
training sequence component in the baseband signal to provide channél information,
such as channel impulse responses. The channel infoﬁnation is used by the data
_estimation device 90 and a power measurement device 92. The power level of the
processed communication corresponding to the reference channel, Ry, is measured
by the power measurement device 92 and sent to a pathloss estimation device 94,
step 46. The channel estimation device 88 is capable of separating the reference
" channel from alt dfh& channels. Tf an automatic gainlc':ontr'c')_l device or ampliﬁcf is
used for processing the received signaIIS, the measured power level is adjusted to
correct for the gain of these deﬁces at either the power measurement device 92 or
the pathloss estimation device 94. -
To determine the path loss, L, the transmitting station 112 also requires the

communication's transmitted power level, Tpe. The transmitted power level, Ty,

may be sent along with the communication's data or in a signaling channel. If the
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may be sent along with the communication's data or in a signaling channel.
If the -6 ---- ------- 6 COctober 2006 power level, TRS, is sent along
with the comunication's data, the data estimation devi 8&ctpei#i08rprets
the power |evel and sends the interpreted power |evel to the pathloss
estimation device 94. If the receiving station 110 is a base station 301,
preferably the transmtted power level, TRS, is sent via the broadcast
channel (poWr levehMighis soataoagavith thCdmnByication’ sdatanget data esttati@g
comuni cation's power level, RIS in dB, fromthe sent comunication’ s

transmttg I thl de
Lrans {aggBe o pleiels F Rk 80 e s b iRl 8RS
Additionally, a long termaverage of the pathloss, Lo, is updat ed step
44. In cepathioss sstimatipndeviden®4.c f the receivingistationgl thés & tbass sﬁanbncsm,omer
| evel, TRS, the receiving station 110 may transmt a reference for the

t ransm' tt ? S ce 94
provi des 1?[% f theré ﬁb‘ 61|‘d(1)r&t 16&‘%61? 0SS Pg]t‘% ﬁ)at%&ét@%hgélégmverage
of the path Ioss Lo. _Since TDD systens transmt downlink’ and upl i nk :

communi catpBrBe basersiationsive Byrsshirasidns disaeeaived cammusitagionisposver hech

communi cati ons experience are simlar. This phenonenon is referred to as

reci prociRy, in[ams ﬂr@mﬁﬁ@lséﬁp&bmﬁlunw&oﬂ%t@anshﬁ&éd PORRE 16RGET, J B dBB Ne
downlink w1l also be experi enced for the uplink and vice Versa.’ By addi ng '

o e B S oS Bl "
110, 112, step 42. Additionally, a long term average of the pathloss, Ly, is updated,
step 44. In c'értain situations, instead of transmitting the transmitted power levei,
Tys, the receiving station 110 fnay transmit a reference for the transmitfed power
level. Inthatcase, the pathloés estimation device 94 provides reference levels for the
path loss, I, and the Iong term average of the path loss, L,.

Since TDD systems fransmit downlink and .uplink communications in the
same frequency spectrum, the conditions these communications experience are

_ similar. This phenomenon is referred to as reciprocity. Due to reaprocﬁy, the path

' Ioss.expcrienced for the downlink will alsd be experienced for the uplmlc and vice |
versa. By adding the estimated path loss to a desired received power level, a

- transmission power level for a communication from the transmitting station 112 to
the receiving station 110 is determined. This power control technique is referred to
as open loop power control.

Open loop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss expetienced by
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the receiving station 110 is determ ned. This power control technique is
referred to as open | oop power control. Open |oop systens have drawbacks.
If a time delay exists between the estinmated path | oss &féteee2dfansnitt ed
communi cation, the path |oss experienced by -7 6 Cctober 2006 the
transmtted comunication nay differ fromthe calculated | oss. In TDD where
comuni cations are sent in differi ng_ti me slots 361-360, the tinme slot

L

del ay bet thedransmitted cemmundcaticnrmay diféer foamthe caaulatedlosay IEPDhwderde

performance of an open | oop power control system To overcone these

dr awbacks ks . ' ' i | ower
controll e‘?o%@ﬂ?g'tug%ﬁ%gﬁg%% ﬁgagfﬁé‘l“ gt% }%{?ﬁto %23 Gltragst?‘f &n’%ttgﬁé g%tt ﬂgﬁggg{ws ep 46.
The qual ity neasurenment device 96 al so weights the estinmated fpat h loss, L,
and | ong teeeived aod spaswitiecheorpmunicgtions may degradesthe performasen of amopaer | evel
by transmt power calculation device 98, step 48. As illustrated in Figure

4, the wepgRtRRk@RBRAILPHRIARNT SRIESRE !tl?éseﬁﬂﬁ)wwél&?h LB mbAGIrERYE

measur ement - devi ce 92, pathloss estimation device 94, ‘quality measurenent
device 96, .and transmt power, cal cul ati on _deyice 98. .,The following is one
of the préfvaFGHHNAY Q_Hf@ﬁom%ww%@ﬁﬁp@ﬁewanymsit_hﬁwhtxﬁégw
transmtting stations power |evel in decibels, Pls, is determ ned using

Equat i on ektinfatéd pathRSsst sedp-46.0The guality faehfurANEnVAite BGuddd Weights MBS 1S
t he power |evel that the receiving station 110 desires to receive the
estimated path loss, L, and long term average of the pathloss, L, to set the transmit
power level by transmit power calculation device 98, step 48. As illustrated in
Figure 4, the weighted open loop power controller 100 consists of the power
- measurement device 92, pathloss estimation device 94, quality measurement device
96, and transmit power calculation device 98.
" The following is one of the preferred wéightcd open loop power control
algorithms. The transimitting station's power level in decibels, Py, is determined
using Equation 1,
Pig = Pps + a(L-Lg) + Ly + CONSTANT VALUE .. Equationl
P, is the power level that the reéeiving station 110 desires to receive the
transmitting station's communication in ldB. Pysis determined by the desired SIR,
© SIRpapeem at the receiving stati(‘)nkl 10 and the interference level, I, at the receiving
station 110.
To determine the ir;terference level, I;s, at the receiving. station, received

- comrnunications from the transmitting station 112 are demodulated by a demodulator

68. The resulting baseband signal is processed, such as by a channel estimation
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transnmitting station's communication in dB. Pmis determned by the desired
SIR, SIRTARGET, at the receiving station 110 and the interference |evel,
IRS, at the receiving station 110. To determ ne the int &Pdetend®@s| evel ,

I RS, at the receiving station, received conmunications fromthe

transmtti ng station 112 are denodul ated by a denodul ator 68. The

resul ti ng baseband  signal | ce.ss ch as ,by a . el estinmation -8
i ] 30q schls puimabdotce Binie s10% 204 6k M aironBaicc o 72
in the time slots and with the approprlate codes assigned the transmtting

station' screruibeal ihettmsihittng beioals donirannieations. ThHeathuaed ibforalgioahannel
estimation device 70 is used by an |nterference nmeasur enent device 74 to

determine t terf re ce The cha rmat i on al so be
used to d¥R P‘E)ffCPtkH’e &BPUPQVQPV’S’P ?ﬁ 18, é‘é%‘i 3?yndm é‘ﬂ‘&?ﬁ%‘?ﬂcﬂo The
channel infornmation |s |nput‘ to a data estimation device 72 and a transmt
pover calmedsarérasnddevice 746 fo Teterdiha thetinteeferamveplesel dgd bPhé khagadla
estinmation device 72 is used with the channel information by the transmt
power ion Vi 7 C I | i h centrols the
Pocer vi ngntdpRalmds Hisot Fredor@hiod it BEpdR oW Eleied ok e BoceiibEe o | on

2.. PRS = S| RTARGEr +I R, S E uation 2 Ilan is either si gnal ed or broadcasted
from t he stasicei ¥1GgThe shannel informetiomds input to a data estimation device 72 and a

Q)

transmit power .calculation device 76. The data estimation produced by the data
estimation device 72 is used with tﬁe channel Mfoqnaﬁon by the transmit power
calculation device 76 to control the amplifier 54 which _controls the recéiving
station's transmit power level.
Pps is determined esing Equation 2,
Pyrs = SIRyarcertles _ Equaﬁon 2
Is is either signaled or broadcasted from the receiving station 110 to the
transmitting station 112. For downlink power control, SIRpsrger 15 known at the
- transmitting station 112. For uplink power control_,' SIR papger is signaled from the
- 'receiving station 110 to the trensrfﬁtﬁng station 112. Using Equatieh' 2, Equation
1 is rewritten as either Equations 3 or 4
Prs = SIRrprgertIas + octL—Lo) +L,+ CONSTANT VALUE Equation 3
Prs = & LA(1-0)Lgt s + SIRpapaert CONSTANT VALUE ~ Equation 4
I is the path loss estimate in decibels, Tgs - Ryg, for the most recent time slot 36,-36,,
that the paﬁh loss was estimated. The long term average of the pathloss, L, is a

running average of the path loss estimates I.. The CONSTANT VALUE is a

9.




transmtting station 112.. For downlink power control, SIRTARGEr is known at
the transmtting station 112. For uplink power control, SIRTARCGET is
signaled fromthe receiving station 110 to the, trarismni €tQayes?®bi on 112.
Using Equation 2, Equation 1 is rewitten as either Equations 3 or 4. PTS
= SI RTARCEr +I Rs + a(L-La) + Lo + CONSTANT VALUE Equation 3 PTS = a

ot o o oopeabes ot Hhrs ONFTAR TN AL S ol iffcitons n ot it so0 °°°

that the path | oss was estimated. The |long term average of the pathl oss,

Lo, is aandudewnkinlavhaagssobudthespat boinpamass formdiffgehcesT e UpTNETAMI VALUE
isa -9 6 Cctober 2006 correction term The CONSTANT VALUE corrects for

di fferences it uRl, d | n such as.to conpensate for
i 11 or endpgrifhk i Begllfona0 AROCONSHARTATAE it o Hiae AREBARE VAL L
may provide correction if "the transmt power reference |level of the

recei vi n¢hatransmibpower referenice lasel of Hstread vinlg station ia dtamamitted; isstead gower |
TRS. If the receiving station is a basestation 301, the A CONSTANT VALUE is

Dot ot RO YR T M Rthop b BB B Yoo sBIRH B, %, PR°
T ORI i Ty St e e e
Lngdngﬁ the nunber of tine slots 361-36" be{)ween the time slot , n, of %/he
last pat Brakigfis & bhid®hGon 30, the CONSTANT VALUE is preferably sent via Layer
| 3 signaling. |
The weighting value, «, determined by the guality measurement device 94,
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, n, of the last path loss estimate
. and the first time slot of the communication transmitted by the transmitting station
112. The value of « is from zero to one. Generally, if the time difference between
the time slots is small, the recent path loss estimate will be fairly accurate and « is
setat a_.va.lqe .CI.O_SC to one.. B y contrast, if .I:h_cf,. ll‘.ime.di_ffg.rf.:nc;e. is large, the path loss
“estimate may not be accurate and the long term average path loss meéasurement is-
most likely a better estimate for the patﬁ loss. Accordingly, o is set at a value closer
 to zero.
Equation 5 is one equation for determining ¢, although others may be used.
a=1-(D-1)}D,,, Equation 5 -

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

-10-




and the first tinme slot of the communication transmtted by the
transmtting station 112. The value of a is fromzero'to one. Generally,
if the time difference between the tinme slots is snall, 6GOrobec2®it path

|l oss estimate will be fairly accurate and a is set at a value close to
one. By contrast, if the tine difference is large, the path loss estimte’

may not he accurate apd the long.ter verage.path | oss neasurenent is '
rout 1 kareelened tha the fmg sloteiar (T G dra) SsB5¢ Rmecioh Agbprea Dan iset at a
value closer to zero. Equation 5 is one equation for determ ning a,

al t hough the 'mdmﬁb?oésﬂalasﬂhy. Atypical valhe fol b/fRime h¥vingUaidcaNime sib€isval ue,

D, is the nunber of tine slots 361-36, between the:tinme slot of the | ast
pat h | oss

.estipate and fhe first. time slot, of the transmtted conmuni cation
Whi ch vi 190 14 R L b b 5o Rtss € peprodgh i zers” (Viting e bapgritqonesy. 1 1
the delay is one tine slot, ais one. D. is the maximal possible delay. A
typi cal evelgPfodetarrhimedebyhatramnit poweecaltilatios dovise 98, theiweighfedtopendel ay
is D,,,a" or greater, a approaches zero. Using the transmt power |evel,

P.is, det ) r ) | cul atd.on. device .98, the weighted-
open | o&%‘g 6@%%&(@@1@@2@?@{38{% sEe¥ %?gsrrﬁﬁ%o#?rgﬁéﬁg F%@W@h?ﬂgu?%e%m tted
comuni cation, step 48. Data to be transmtted in a comunication fromthe
" transnitsteiyd8tation 112 is produced by a data generator 102. The
comuni cation data is spread and tinme- multiplexed with a training sequence
by the spreadiffis to BOE-ahsRtcRd g acodhlifiation from the transmitting station 112

is produced by a data generator 102. The communication data is spread and time-

multiplexed with a training sequence by the spreading and training sequence

insertion device 104 in the appropriate time slots and codes of the assigned resource

units. The spread signal is amplified by the amplifier 106 and modulated by the

modulator 108 to radio frequency.

The weighted open loop power controller 100 controls the gain of the
amplifier 106 to achieve the determined transmit power level, Py, for the
communication. The communication is passed through the isolator 84 and radiated

by the antenna 82.

Figures 5 and 6 depict graphs 82, 84 illustrating the performance of a

- weighted open loop system using Equation 4. Equafion Sis used to calculate «.
These graphs 82, 84 depict the results of simulations comparing the performance of
a weighted open loop, an open loop and a closed loop system controlling the

transmission power level of the transmitting station 112. The simulations address

the performance of these systems in a fast fading channel under stcady—statc,

C-11-




insertion device 104 in the appropriate tinme slots and codes of the
assigned resource units: ‘The spread signal is anplified by the anplifier
106 and nodul ated by the nodulator 108 to radi o frequen&PcoPre2dREi ght ed
open | oop power controller 100 controls the gain of the anplifier 106 to
achieve the determned transmt power level, Ps, for the comunication.
The communi catiion i s passed through the isolator 84 and radiated by the
ant enna g2ondHions. o In shisreragplethet regelying sgtiongis 4 base stationnd0yt ed the
performance of a weighted open | oop system using Equation 4. Equation 5 is
used to oty Aatiol RATESDARS (i sicdtalBR) R UK el bk spligh! ati ons
conparing the pertormance of a weighted open | oop, an open Toop and  a

cl osed Iq_fp systemcontrol |i the,  transm ssion power |evel of the
transmtt %S%‘P'&?Feélrbaﬁﬁﬁa“‘i”ﬁg’%sﬂlﬁﬁﬂ 8o anderadiisersity dprraseption metiteaddf t hese
systens in a fast fading channel under steady-state -11 6 Cctober 2006
condi ti onfterra hivifigeX e FingeP R A KEE radegerSt Rhé Qinlifd ba?ﬁﬁ fradeb@ 301
and the transm tti%g stati orfi?’rei s a UE SZ%rFo'rﬁh%ﬁgng?ﬁgPa io%)?fn?égflg@ 321

was a nohile station The sinulated bgse station 301 used two antenna
di ver si t f© Icr%@@BaW%anww ﬁa@ﬁrﬂ@%ﬁeﬂ“@%qﬁ%@rtmke
receiver. The sinulation approxinmated a realistic channel and SIR

esti mat i dieltbas ¢he presenca dbaddigve sdiienGausdiabnose (AWEN). - Thé sithilRkigni n t he
presence of additive white Gaussian noise (AWGN). The sinul ation

used an International Telecommunication Union (ITU) Pedestrian B type channel

and QPSK modulation. Interference levels were assumed (o be accurately known

with no un-certa.inty.l Channel codiﬁg schemes were not considered. The
CONSTANT VALUE and L, were set at O db.

For each of the power control techniques, Figure 5, graph 82 shows the

energy for a transmitted complex symbol in decibels (Es/No) required to maintain

a BER of 1% for various time slot delays, D, with the UE 32, moving at 30

kilometers per hour (km/h). Asshown, atlower time slotdelays, both weighted open

loop ﬁnd opén lqop outperform closed loop. For higher time slot delays, weighted

: ---fopen loop outperforms both open Ioop and closed Ioc‘Jp.. As shown in Figufe 6;

graph 84, similar results occur if the UE 32, is traveling at 60 km/h.

* *® : #
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used an pnternational Tel econmruni cation Union (1 TU) Pedestrian B type
channel. *and QPSK nodul ation. Interference |evels were assuned to be
accurately known wth no uncertainty. Channel coding scB&aedergd8 not -
consi dered. The CONSTANT VALUE and Lo were set at O db. For each of the
power control techniques, Figure 5, graph 82 shows the energy for a
transmtted conplex synbol in decibels (Es/No) required to maintain a BER
of 1% for_various time slot delays, D, with the LIE 321 noving at 30
kiloneteé§£¥@fi%our (kmh). As shown, at lower tine slot delays, both
wei.ghted open | oop and open | oop outperformclosed | oop. For higher tine
sl ot delays, weighted open |oop outperforns both open | oop and cl osed.

| oop. As shown in Figure 6, graph 84, simlar results occur if the UE 321

is traveling dt 60Ak##Rod fdrlo AI M5 1. A nethod-for
operating a base stati on for I%S@mﬁo;?ﬁ n SQ%F g’é‘ir?m“%d’é%ﬁmlsﬁﬂéﬂaiwwm ng a

spread spg@e‘gg Y ex t ni que, having franes with tinme
slots for mir%t conp ‘%P Fdeehniqus daviig frames with tinenints | ot , a

first COW gﬂ |ncI udLn a transm ssion power level; b) neasuring a
power |evel 0 HET00 SRS N cation; c) determning a path | o0ss estimate

based in part .on the power |evel determned at step (b) and the
transni ssi on PowereFEviags. v B disstribes dot, 8 thesi commmmication mcludmgatransmgssmn

power level;

b)  measwring a power level of the first communication;

¢) determining a path loss estjmate based m part on tht.;, poﬁr lew’v'el determined
at step (b) and the transmission power level obtained at step (a);

) determining a long term path loss estimate baséd on prior received path loss

estimates; and

€)  setting a transmission power level for a second communication in & second
time slot based in part on the path loss estimate weighted by a first factor and thé long term
path loss estimate weighted by a second factor, wherein the first and second factors are a

function of a titne separation between the first and secand time slofs,

2. The method of claim 1 wherein step (d) further comprises:

basing the long term path loss estimate at least in patt upon an average of path loss

estimates of prior communications received by the base station.

- 13 -




d) determning a long termpath | oss estimte based on prior received path
| oss estimtes; and e) setting a transm ssion power |evel for a second
communi cation in a second tine slot based in part on thé&Qsibar3088s
estimate weighted by a first factor and the long term path |oss estinate
wei ghted by a second factor, wherein the first and second factors are a
functions of a tine separation between the first and second tine slots. 2.
The nethod of claim1 wherein step (d) further conprises: basing the |ong
termpath |oss estinmate at | east in part upon an average of path | oss
estimates of prior comrunications received by the base station, 13 6
Oct ober 2006 3. The nethod of claim1 Thither conprising: determning a
quality; a, of3.t hemaﬁﬁ&mopgmmﬁﬁﬁggﬁ%ﬁﬁfggart on a nunber of tine

[ S

slots, D, between the first and second t t; and wherein the first
factor is a a he . : t I 4. The thod of claijm 3 wherein
a maximmti me%gé ot ggﬁg@g]fl%é% %mn%ﬁ%tﬁrggs ?f@{"&f“ﬁiaﬁg% Ry g murgber;of time

det erm ned .hy: =] = 1 D,.1). .5. The nmethod of claim3 wherein a
maxi num aﬁf)@i/\gd Wﬁ%“gﬁegl}%s‘i)%ﬂ%é?@%ﬁhﬁ the determined quality, a, is
determ ned by: (X .= Max i 1-(17-1)/(Douo"~a 1), 0}. 6. A nmethod for
operating a bdgiereinhs Bt fastordpeand theiseepndfagtenis dston power ‘

4. The method of claim 3 wherein a maximum time slot delay is D__ and the
determined quality, o, is detexmined by:
a=1-(D-1)/ (D).

5. The method of claim 3 wherein a maximum allowed time slot delay is D_.
dtowea 20 the determined quality, o, is determined by:

o=max { 1-(D-1)/ (D, stowe-1), 0}

6. | A method for operating a base station for controlling transmission power
levels using a spread spectrum time division duplex technique having frames with time slots
 for coi:nmunicaﬁon,l cémpri sing:
a) receiving, in a first ﬁme slot, a first communication including a reference for
a transmission puwef level,

b)  measuring a power level of the first commmnication;

-~ 14 -




| evel s using a spread spectrumtine division duplex technique having franes
wth time slots for comunication, conprising: a) receivin?, in a first
time slot, a first comunication including a reference f&Ockketi®[sni ssion
power |evel; b) neasuring a power |level of the first communication; 14 6
Oct ober 2006 c) determning a reference |level for a path |l oss estinmate
based in part on the power |evel determned at step (b) and the -

transm ssion power |evel obtained at step (a); d) determning a reference
for a long termpath | oss estimte based on prior received path 1oss

esti.mates; a e)'ﬁ%.ﬁ!-_ nsm ssj gn power, | evel for a_ _second

communi cat i onr}gi n a seco%%tr%%ge@ﬁqwkgfge‘gp% Loss estimate; baseint part onghe
estimate _weighted by a first factqor and the long term path |oss estimte
wei ght edi’wﬂg“’@%ﬁ%ﬂ%ﬂsfétﬂs Fiep (Herdithe amsmissicstposred lovel obitaingdat stes(dy € a
function of tjme separation of the first and second time slots. 7. The

met hod of cl &)m 6 darwenising 8 treforendy fiina Idner tennryti kes estiash Mlsdden pRHLT ence

for the long termpath loss estinate at |east in part upon an average of
pat h | ogecastd path dsssebtimeicgrandomruni cat i ons received by the base station.
15 :

€) setting a transmission power level for a second communication in a second:

time slot based in part on the path loss estimate weighted by a first fastor and the long term
path loss estimate weighted by a second factor, wherein the first and second factors are a

function of time separation of the first and second time slots.
7. The method of elatm 6 wherein step (d) further comprises:

basing the reference for the long term path loss estimate at least in part upon an

average of path loss estimates of prior communications received by the base station.
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