J 0 JAN 2005 WO 02/ 05441 PCT/US01/21470 [0001] CODE POAER [WERSUREVENST FOR
DYNAM C CHANNEL ALLOCATI ON [0002] This application clains-priority from

Pr ovi si onal pI | cation No. 60/217,093, filed July 10, 2000. [0003]
BACKGROUN 2 The i nvention relates generally to resqurce allocation in
wirel ess sﬁjpeo @>*5pectrum time division dupl ex conmuni cEFTIN & Pens using
code division nultiple access. Mre specifically, the invention relates to
~assigning tine slots and codes in such systens. [0005] Figure 1 depicts a
wirel ess spread spectrumtime division duplex (TDD) conmunication system
~using code division multiple access (CDMA). The systemhas a plurality of
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such a sysffikystdigs. data signal is nmixed with its base station's scranbling
code, c*scranb and spread using its assigned channel code. [0007] Also, to

nmore ef fi dPBRRll y usEigured depictsaivizplessspraad sfoDuaiime évml@n@pltus(a’l?ﬂ})peat i ng
frames 26 %Irn\llllllgnelgatllog%}?stgm Egqu Gode Jwﬁ%foge lﬁ{l&e gcc%éslsl(&)lll‘/[’& The sys?em LEIISf teen
| a plurality of base stations 20,-20,. Each base station 20, communicates with user
equipments (UEs) 22,-22, in its operating area or cell. Communications transmitted
from the base station 20, to the UE 22, are referred to as downlink communications
and communications transmitted from the UE 22, to the base station 20, are referred
to as uplink communications. In addition to communicating over different frequency
spectrums, spread spectrnm TDD/CDMA systems carry multiple communications over
the same spectrum. The multiple signals are distinguished by their respective codes.
[0006] Since a signal sent using a particular code is distinguishable from other
signals in the same spectrum, each code creates a virtual communication channel
within the spectrum. For use in distinguishing signals originating from different cells,
each base station 20,-20, has an assigned scrambling code, c* ... To transmit a
specific data signal in such a system, the data signal is mixed with its base station's
| scrambling code, c* .. and spread using its assigned channel code.
[0007] Also, to more efficiently use the spread spectrum, TDD/CDMA. systems
use repeating frames 26 divided into a number of time slots 24,-24 , such as fifteen
time slots, as illustrated in Figure 2. In such systems, a communication is sent in

_ selected time slots 24,-24, using selected codes. Accordingly, one frame 26 is capable
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time slots, as illustrated in Figure 2. In such systens, a conmunication is
sent in selected tine slots 241-24n using sel ected code§ gAgggrﬂpggly, one
frame 26 is capable -1 Li 0 JAN 2005 WO 02/05441 PCT/ US01/ 21 of "carrying
mul tiple c%gﬁﬂRgﬁﬁtions di stingui shed by both tinme slot 241-24n and code.
The use of 'a $1Agle code in a single time slot at a si ngl&" PP & tncy
spectrumwith a spreading factor of sixteen is referred to as a resource
unit. If a |lower spreading factor is used, the use of a single code in a
time slot is considered nore than a single resource wunit. To illustrate,
using a spreading factor of one for a code in a time slot is sixteen
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is illustrahedsd of 4 Baghots Yo 2 SingRftifb ;ﬂBfEtésingé‘fgb_ Aot ysgéaﬁﬂa%ﬂ@ Matrix
28 represents a singlé resource unit (if a sprea |qng actor of sixteen is
used) . Thi spraading factegofeisteen is otfatredfo avie kbsOurce sniir Ha lower dpseadig fagocal  TDD
system uses 15, tinme slots, 16 _channel codes and one qor nultiple frequency
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radi o i nt erch@arenagits. Radi o i nterference has multiple causes, such as nearby
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one or multiple resource units are assigned to that communication.
{0009] One problem in such systems is assigning resource units in the presence
of radio interference. Radio interference has multiple causes, such as nearby radio
frequency sources and cross interference by signals transmitted in neighboring cells.
- Sending a communication over aresource unit with a high interference level may result
‘in a loss of signal data.
(0010} One technique for dealing with this problem is to measure the
interference level in each time slot immediately prior to assigning resource units to a
communication. Onlyresource units in time slots having acceptable interference levels
will be assigned to the communication. Although this technique reduces the possibility
of signal data loss, it does not eliminate all resource units suffering unacceptable
interference levels. Additionally, measuring the interference levels immediately prior
to assignment requires extensive monitoring using valuable system resources.
Accordingly, there exists a need for an alternative approach for assigning resource

units.




to assignnment requires extensive nonitoring using val uable system
resources. Accordingly, there exists a need for an alternative approach
for assigning resource wunits. -2 10 January 2005 SUMVARY kg )a5epy 98fse to
one aspect of the invention, there is provided a nmethod of assigning

resour Gg)MMiagy Wi thin a cell of a wireless tinme division duplex
communi catl on system each resource unit is associated with a tinme sl ot
and a code, characterized in that the nethod conprise, for selected
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the preference matrix, and a user equi pment conprising, a code power

i nterference neasurenent device for neasuring code interference |evels of
a r esoum @ecarginceusiangthehasped of thesineediendiheraniy pribdded ai wirededsi tinee division and a
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Channe'pré?gl%ﬁce t#n%ix?' amd aJ'duerr %8&‘591%?{1’ comprising, a code power interference
measurement device for measuring code interference levels of a resource unit using that
unit's code during that unit's time slot, and a resource unit assignment device for outputting
code power interference measurements for use by the base station and assigning resource
units to communications using the resource units assigned by the base station.

BRIEF DESCRIPTION OF THE DRAWING(S)

Figure 1 is a wireless spread spectrum TDD/CDMA system.

Figure 2 is an illustration of time slots in repeating frames.

Figure 3 is an illustration of resource units distinguished by channel code, time slot and
frequency.

Figure 4 is a simplified base station and user equipment.

Figure 5 is a flow chart of slow dynamic channel assignment.

Figure 6 is an example of a preference matrix.

Figure 7 is a code power interference level measurement device.

Figure 8 is a flow chart of fast dynamic channel assignment.

Figure 9 is an illustration of two threshold code assignment.




Figure 4 is a sinplified base station and user equipnment. Figure 5is a

fl ow chart of slow dynam c channel assignnent. Figure 6 is an exanple of a
reference matrix. Figure 7 is a code power interference | ment

gevice. Figure 8 is g fl ow chart of fgst dynam ¢ channel ZQ?%S%ﬁ€??§§

Fi gure is.an illustration of t hreshol d code assignnment. 3 10 Januar

2085 FiFgQHrg 1?(55 ?'%'"Hﬁtr?t\c’f't?gﬂ“ﬁweo%? O'HLFPH?BFQQT'H?@shOIg code assi gnment . Y
Fi gur e Fidured 1as & fflow chba bt maftipithicspole cbés asdignintertode assi gnnent. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) Figure 4 is a sinplified base

station 20, and UE 22, used to inplenent slow and fast dynam c channel

al | ocatDETAILECA)ESCRIRTIONDF SHE FREFERRED EMBODIMENTIS)A. The flow chart of
Figure 5 will be described in conjunction with the preference matrix 92 of
Figure 6. Figure 6 is an illustration of a preference 3a 0 JAN 2905 WO

02/ 054 Flg €W/ i8R MM Atidd Bagmstaiion X aall UH 20)1eeb to impgementGlowsamifast dynatiat i on

of a preference natri .Created_as . a resul I i T

syste m%ﬁW% aﬁ%@"@ﬁ Qhﬁé? %%S,'S q oy ichart QF%?QB%&%@%‘“%@&&E r'I:a E%V.reDgé{‘EiE box

i n the beatesckibe in eqphRMENdrs with &he YireleferddOmpoxsDd|ct Fig@re 08!Ir Eiguténstis. ad 00271
I niti aI.IMé tthe radige frequency power interference |level in each tine sl|ot

i s meadlPUUOLAEPIEETHFe nt er f er ence si gnal code power (ISCP) or
determining inter-cell interference, by link gain, step 80. The | SCP may
be measured using the m danbles of received conmunication bursts, although
ot her |1 SCP nmeasurenent techni ques may be used. Each tinme slot's
interference is neasured at either the base station 201, UEs 221-22,, or
both. For time slots interference neasurenents taken at the base station
201, the base station's antenna 30 receives various radio frequency
signals. The received
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signals are passed through an isolator 32 to a denpdul ator 36 to produce a
baseband signal. A tine slot interference neasurenent db@idANSZm rocesses
t he baseband signal to neasure the interference |evel, such as by | SCP,
within each tinme slot 241-24,, of the frane 26. [0028] For tine slot
i nterferend® Wd¥¥lrenents taken at the UEs 221-22n, the PCOESEUH#Nenna 60
recei ves various radio frequency signals. The received signals are passed
through an isolator or switch 62 to a denodul ator 64 to produce a baseband
signal. Atinme slot interference neasurenent device 78 processes the
baseband signal to neasure the interference |evel, such as by ISCP, wthin
i e s] ot mpasurenents taken at each UE

each tinme sl ot 4%%244. T&e t AN
221-22,, alﬁﬂ@t%‘%% 1gyred digie d it & et aieneot agiralereake i ¢ eaiedesl y, the
Stat) on 200 Bodaad iy bR PHEPCOAR shin a2t B AH A8 Ap B S5

the base simt omenfréqibncpnBacteboeac thetieix IDicpieschit ot oat 6Ne40 pewilet 0 a
threshold, step 82. If only the base station 201 took tine sl ot

" interfererf€8ugasRifSerent s, each of these nmeasurements is conpared to the

t hreshol d. onl yrt. ments are used. the .co rator. 56
conpar es twgbg/eragéﬁlﬁg]%ﬁﬁ% %S%@eﬂﬁb%o%%ﬁg@ﬂﬁﬂﬁ%ﬁ%&?ﬁlﬁg each
time sl ot sishRh@iéd BRNGSE by BXakerbieli@al e pHRELTSCT) PR HARIBNAS-£EIPM t he
base station 20, and UEs 22,-22e are used, a weighted average of each tine

slot's neatuiceansatbyl linkugzin, stapt89. tThe ISEPanayt bt ineasueedgisimythhngtkenbleei ght . | f
UE neasurenents or UE and. base statio a ments differ significantly,
Snch i 1'| R ved dommnion Daeimt Biangh gleE B LB Y | 11y

Al t er nat el e | | : ' [ gy rference
level is aﬁé}ou\llsg&t Eg&% ﬁ@ggﬁ‘gf gf,térg%r ,%ﬁ%ﬁ?ggs}%%?%tg ml}%l?t%lé ba%s%%@%‘a@é’ W|§t h that
tinme sl ot 22-@2ebibuindfcednfesiotpinteefetéreb nreasirgmemtntakbwat teoaze sated 2@NS, step

84. The re ogrce uni assignnment device 58 elimnates all the elimnmnated
time sl ot dhe pasesiption s\aaiensa 3 reqsives varens piofeaupeey sienals. xIlgrecaiged

1 uStrat G i) 00 pFlEofon bl 51 30 1§ WBoAaR 3655 BLRE bRleBRlET ence
signal. A time slot interference measurement device 52 processes the baseband signal
to measure the interference level, such as by ISCP, within each time slot 24,-24, of the
frame 26.

[GO28] For time slot interference measurements taken at the UEs 22,-22_, the
UE's antenna 60 receives various radio frequency signals. The received signals are
- passed through an isolator or switch 62 to a demodulator 64 to produée a baseband
signal. A time slot interference measurement device 78 processes the baseband signal
to measure the interference level, such as by ISCP, within each time slot24,-24.. The
time slot measurements taken at each UE 22,-22, are typically signaled to the base
station 20;. Alternately, the measurements may be multiplexed with the uplink data
sent to the base station 20, produced by the data generator 78.
[0029] A comparator 56 at the base station 20, compares each time slot's
interference level toa threshold, step 82. If only the base station 20, took time slot

interference measurements, each of these measurements is compared to the threshold.

If only the UEs measurements are used, the comparator 56 compares the average for
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- time slots are elimnated because they are reserved for-‘o

units in the colum under tine slot 4 are marked with an "X" indicating
that they are elimnated frompotential assignnent. Ad _'t(]o\gmlgg ot her
h

boses,
~such as fo ﬁg{% dcast channel, and are |ikewi se marked with an "X".
[ 0030] For eaé source unit in time slots having accefCABS¥/ 3 Mer f er ence

| evel s, the code power interference |level is neasured, step 86. The code
power mneasurenments nay be taken at the base station 20, with code power

i nterference neasurenent device 50, UE s code power interference

measur enent devices 68 or both. Code power neasurenents taken at the UE

201 are eith tiplexed, wit | nk dat a. 1], Figure 7
depi cts on%ag %P% : 9\/%? Hﬂé‘?ft@ieﬁtﬁg% ﬁ%’é’éﬂﬁ“ff%ﬁﬂ%# 3“’@@36 68. The
code power stads 102 aRdgt 226871 §rat e e the
codes of |Snterest gﬁi‘é[tl]%ogg tg%aﬁrs?mﬁ%%tﬁe R’E\%glerd %@??@%ﬁ%% %%th he

recei ved measyemnyissped withthe thsé stptidn's given lhgl&armﬁ@ltpﬁ\m ERABIHISINE Nt
devi ce. The hﬁput signal, 94 may be a radi o frequency, an internediate

frequency 9 Uk #usbasg ﬁéﬁ@?gﬁﬁ?sur@m%ﬁ differ sgmafigantiyy carh, Wik uss its el at es

my bo o dacaremptt 8 dlREnhd ol BLAATRY: ANEP SR il °

i nterest isppled.Ofpkiee tadentetBRncleveliPdhdve FRYNREKIION AN the FRAOMCE Hnits
multiplication for -5 [1 0 JAN 2005 WO 02/ 05441 PCT/ US01/ 21470 t he

correl at i dsociated p‘émbr thab atitic e gloht age eliminag®l Sfors pethetiad owesigoient hto

| at ed d d f th
FAERI W b s et pes N per e T
for the cofienifidted iR resBﬁféteﬁﬂ@m 8 YR d HRRNERER ik 921 g‘g‘?ﬁusﬂl&fé ng each

time slot to be nmeasured. The neasured power may be 1 ndex Into a short
hand val uesingFigura$, tite stob4 haddn unmceepgableinferfer@®824veEast ofi dre-reddundenat ed

resource unit" S cod nt feren e level is conpajed to.a threshold at
conpar at or“I’Stﬁ ﬁ‘t“iz“ I Bge %ﬂaﬂ“’l’ Blarked Vi )g o’@é‘qaﬁﬂéﬂ‘ﬁéﬂ’éﬁé@

- measur enendi$gin ni‘@?c Qﬁ[}? ttf?ﬁe only the
UE' s rreasurerrents ar use%Mﬁe conparat o %Eﬂgf Yo aréelg{sﬁiuggfé@% zféie of

t hese because they are reserved for other purposes, such as for a broadcast channel, and are

likewise marked with an "X".

[0030] For eachresource unit in time slots having acceptable interference Ievels,
the code power interference level is measured, step 86. The code power measurements
may be taken at the base station 20, with code power interference measurement device
50, UE's code power interference measurement devices 68 or both. Code power
measurements taken at the UE 20, are either signaled or multiplexed with uplink data.
[0031] Figure 7 depicts one possible code power interference measuring device
50, 68. The code power measurement 50, 68 is taken on a frequency spectrum where
the codes of interest are to be transmifted. A signal 94 representing the received
frequency spectrum is input into the code power measurement device. The input signal
94 may be aradio frequency, an intermediate frequency or a baseband signal. A code
correlation device 96 correlates the input signal with the code of interest. The code
correlation device 96 may be a despreader, a correlator or a matched filter. If the code

of interest is a complex code, the correlator may perform a complex multiplication for

-5-




measurenents to the threshold. If nmeasurenents fromthe base station 201
and UEs 221-222 are used, a weighted average is used. Ty@q’ cﬂaIJIM,, Z’i}ﬁge base
station's nmeasurenent is given a higher weight. Alternately, e
i nt erferen%ag&%rerrents maybe UE 221-22. specific. Furthernore, if UE
measur enent's and base station neasurenents diffefCEU§HA ant !y,
each will use its own neasurenents. Each UE's neasurenent is conpared to a
threshold for use in resource assignnents for that UE 221-22a. Each UE
221-22n has its own preference matrix 92, if UE specific. [0033] If a
resource unit's code interference |level is above the threshold, the
resource upit is elimnated from being, assigned, step 88.. The resource unit
tge poy

i
assi gnment e §atPlaHoRg Thy Poyysrpeasuremsnt daving B usi ar e matrix
92. To 11| u8be Ak § cbiBhR4 cofit B4A81 fhe dullfis URAH SRl ARRAE R Rthyd h 1 e
slot 2 and c%annel-c cgde CI0 hassar’\ eusnacgepta ‘gfeﬂllntét erence Ieveq%and IS
~mar ked i n chips. nBhe resulfifg winnhis dhe Codé poWer 100 éxrdhe cedaiof inicas.i Theeode devi ce
58 also stores in preference matrix 92 an indicator of _the code

i nt er f er enPRVGrgPRASURSMSR s gkeriiring ach disws slelto s measuged p lopmepsredown i n
th f i v i.nt ln ' d i d with
o e SRR Gl e n VbR RS Rl S @ abdkgRET W Ln 0

interferen@o3ievel #&asch fon-dléninatedydsBareainiEX EdR@iBkifcteae RO6Ss tdthRiré®r ence
level . -6 10 JAN 2905 WD 02/ 05441 PCT/ US01/21470 [0034] The base station's

resour ce ulgia thaesbplgrateamperaiorcd. 98 oslyribis basegiation 20p tadkecodp drferfencacd on' s
dat'a estination deyi 48, channel estimation deyice 4 nd. spreading and
Craining SoytaReiothdet MrsiE0Rts siommmad Bbe sl RARle T "ano

tinme slotsmegiforitp@d By B28N tHe\ofParaldie 58hanBAreSthl "Rt deVines 46 and
data estimation device 48 process the baseband signal inthe time slots

and appr opmezsuenrnticl ths tiregheoltl. tIf mehgurements foncihmbase stationd0,sudislst and t he
base statigp'.s scranbling code, c*scranb. The _assigned tjnme slots and
codes are zg'rﬁsznt%et‘h*&dc ﬁaWﬁkﬁ%te_éisﬁY%q &h V8RR c@?’%ﬂlg?hd‘%ﬁa %e g%@‘?’%ati on
device 48 G}é;&%%se@é‘ﬂ E%F%H%k Eveg’h%.' %‘i&:@ﬁi&&e}]ﬂ‘%ﬂé fifter?fondd HofsUARMMT:s

onmon ng

estimation device uses the trai sequence conponent in the
. baseband maybeUE22,-22, specific. Furthermore, if UE measurements or UE and base station

measurements differ significantly, each will use its own measurements. Each UE's
measurement is compared to a threshold for use in resource assignments for that UE
22,-22,. Bach UE 22,-22 has its own preference matrix 92, if UE specific.

[0033] If a resource unit's code interference level is above the threshold, the
resource unit is eliminated from being assigned, step 88. The resource unit assignment
device 58 eliminates the resource unit in the preference matrix 92, To illustrate using
Figure 6, the resource unit associated with time slot 2 and channel code 1 has an
unacceptable interference level and is marked in the matrix 92 with an "x". The
resource unit assignment device 58 also stores in preference matrix 92 an indicator of
the code interference level of the acceptable resource units, step 90. As shown in the
preference matrix 92, the interference levels are indicated with a value of "1" to "10"

with a "1" having a high marginally acceptable code interference level and a "10"

having an extremely low code interference level.




signal to provide channel information, such as inpulse responses. The
channel - information is used by the data estinmation deviﬁe 4§éﬁﬁﬁﬁﬁtinate
the data in the received burst. [0035] Data to be sent tout 201. 20n,
such as ov raffic channel, is generated by data g rs 441-44n.
‘The data ig&%@@%%ﬁéd one or multiple resource units baggihgﬁ&?%@

communi cations' bandwi dth requirenents by the resource unit assignnent
devi ce 58. Each spreadi ng and training sequence insertion device 421-42n

m xes the data with the base station's scranbling code, c,, spreads the
data and nmakes the spread reference data tinme-nultiplexed with a training

sequence i appsopria tine slots, and caod of .the assign resource
ni'ter Thelt8Eh . "o RHE R alob e ai B e RBh aa ot PR I “devi ces
are ref er rpge kRt dats QIHMAMIGAIdvVR2 48D URdiine] &AGhtEAMBVIL 48Lh@Bprbatigs 1S
subsequently anplified by a corresponding anplifier 401-40n.” Each

anpl i fi ed owkiraiming atqusncdinsartion dedcasHi@er4Bytoaontrol which cedesa8d wirtelslatny ot her
comruni cati on byrst created._thyou ot her devi ces. The summed )

cormuni cat qreﬁﬁe@ﬂwse@eh Q?Véc%rglamc @B@Pwngnﬂagm? 3 a@ﬁawwea Ag¥ied si gnal
is passed I : i . shown,
or, alter nzzligt %IB géég Ia%emégi%ﬁhg{#ﬂ gﬁ?&%@%élggy&h%ﬂg%g%zﬂ% g%sqsglﬁgﬂ%?mfgé passed

t hrough a wplinkl @asnurdcktidn'si buirg rshd dke Bidetstationg ddbenBRie- ¢hde, cx (0 TN 2005 WO

02/ 05441 PCT/USQ1/ 21470 [0036] The base station's resource unit assignnment
devi ce al s¥sigaeditimendotsaad sadesare pent toythe dhaneal estimatiomdevigesiang daga .~ The

assi gnment s..nay I to t .221- r | tdopl exed, with traffic
data. The 63" w%‘??fagfﬁne tﬁgxgrtgled'gs:oalrcbéﬁﬁgsm%é)%ﬂrdg%&%g ﬁﬁ? Ph% gnhment
device 76 ¢sAndAbRasviNLI6dntRonlPaRY iHelraiilhk Seqibice RRFogAR the bhdeBardE' S

downl i nk and uplink channels. .[0037] For the received downlink data, the

channel estignahttd eroddy ichenngB infoonatibey suels 6é nepilse rdwponses. 7Therbamsbes t he
recei ved basebapd signal in.the tine slats d _.appr i_at e, codes assigned
Lo the dovATPRIGHTER kbe g peaion davindS astimbtelbs dan thereceived

burst.

[0035] Data to be sent to the UEs 20,-20,, such as over a traffic channel, is

generated by data generators 44,-44,. The data is assigned one or multiple resource
units based on the communications' bandwidth requirements by the resource unit
assignment device 58. Each spreading and training sequence insertion device 42,-42_
mixes the data with the base station's scrambling code, c*,_ .. spreads the 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 output of the
spreading and training sequence insertion devices are referred to as a communication
burst. Each communication burst is subsequently amplified by a corresponding
‘amplifier 40,-40,. Each amplified communication burst is sumied by a sum device
38 with any other communication burst created through other devices. The summed
communication bursts are modulated by a modulator 34. The modulated signal is
passed through an isolator 32 and radiated by an antenna 30, as shown, or, alternately,
through an antenna array. The radiated signal is passed through a wireless radio

interface 80 to the UEs 22,-22,..




scranbling code, c*scranb. The assigned time slots and codes are sent to
the channel estimation device 68 and data estimation devdcs L@Ng@@g1the
resource unit assignnent device 58. The channel estinatidn devi 8
comonly u trai ni ng sequence conponent in the bas nd. signal to
provide"chgﬁﬁghgﬁﬁfornation. The channel information igwﬁ' auﬂéﬂ%he dat a
estimation device 70 to estimate the data in the received burst. Uplink
data is generated by a data generator 78. The uplink data is assigned one
or nmultiple resource units based on the comuni cation's bandw dth

requi renents. Spreading and training sequence insertion device 74 m xes

the data w he base , station,s scranbling code *scra spyeads the

dat a. and m?gélt t he g%?e_%erséﬁmn?éogﬁ? At %S@%F ngg%)j W’ﬁi ®t rai ni ng
sequence i Rsbiife RPN th HEUB 21 S0anth AR RS niyDednhBARsknE esOUr Ce
units. The assigned resource units are &ent to-the spréadi ng and training
sequence i UEsQ2{-27, clawnltiplerdd witht theffic dataurkie sent asspmeiegtsraraiseldwi the 76. The

resulting seguence fromthe spreadi,ng,and training sequence insertion
devi ce 74 DE? Tespups autit assiganignt drticeTA101 SHICTRIPS fyhiohh aosoBem BN AT on bur st

1S subsequ p{ﬁgl gl Dinidd) ﬁg}ﬁ ol . The anplified comunication
burst is n%g{%né?(tad tﬁ%gg‘fvo requency CB?/{EIEEE% nodul at or 66, passed through
an i sol at ojp082] and Tael tial :eceibad dewnltnk gund) ah®&Ohamhel alibekionidevige 6Byndn

antennal array. The radiated signal passes through the wreless radio
i nterface & egimationsigyiscJPprocgspepthp recegvet bps sigodl indhegimesats pnd

PCT/ US01/ 21470 03 Th f . i X 92 d i
s grment SHPEORAL s e G AP UG et e nd e RS RUGE C
peri odi ¢ basidbliddsédig, & St at TR AGmined ARR! ISt and thesik i &R ciBhddl X 92 may

be updated from a peri od™8f mnutés to a daily basis. In one approach, the
user equi prstintasiof A¢viz@ a8 mehdala estintationidaeice 70 fronmthe résenien upit agségnmbendnd t he

code interference level during the .idl e _ finme between successive reception

SOt e R R Shant] AsBhalits die 8 AT LG e ERB BISOUTCE ot | O

201. In : r . a r4.90i-8 basis.
0, enﬁﬂpﬁﬁaﬁé’keltaﬁgﬁ%g%‘g%i prohak %3%%&% ﬁgﬂrﬁygﬂgﬁl%}h TRE chstied

In a differe appr oac stati on e UE 221-2211 to
. take neas uihéorantisn is used by the data estimation device 70 to estimate the data in the received

burst. Uplink data is generated by a data generator 78. The uplink data is assigned one
or multiple resource units based on the communication's bandwidth requirements.
Spreading and training sequence insertion device 74 mixes the data with the base
station's scrambling code, ¢¥*, .., spreads the 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 assigned resource units are sent to the spreading and
training sequence insertion device 74 by the resource unit assignment device 76. The
resulting sequence from the spreading and training Sequence insertion device 74 is
referred to as a communication burst. The communication burst is subsequently
amplified by an amplifier 72. The amplified communication burst is modulated to
radio frequency by the modulator 66, passed through an isolator 62 and radiated by an
antenna 60 or, alternately, by an antennal array. The radiated signal passes through the

wireless radio interface 80 to the base station 20,.




Accordi ngly, the neasurenents are taken on-demand. The base station 201
updates the preference matrix 92 based on these neasurenmeft§. |Apejgpdat ed
resource unit assignnents are subsequently sent fromthe base station 201
to the UEs - . [0039] Figure 8 is a flow chart for fast DCA and w |
al so be ex Ia%ﬁééiin conjunction with Figures 4 and 6.P?6%§ﬁ%ﬁﬁwt

communi cations, a cell is assigned resource units for both the uplink and
the downl i nk. The nunber of assigned resource units is based on the uplink
and downl i nk bandw dt h demand. Wen the cell requires additional resource
units, the resource unit assignnment device 58 will select additional

resource ug to allocate for upli a wnl i nk conmmuni cat i qns, step
106, st nolUOBRE" pr orbf ERtEehE PG vl by Bt e BRF PR AEEe devt ce
58 will assg gy Be usdid Frahe BHGREF orPd mbRSRNOER b8k | Ssihl AMatififapvai | abl e
resource units, step 94. en demand decreases, conversely, the resource
uni t assi gamabysis, te\preferefie matroc®amay bénepdagsidivom e pariod of mimees@d a Gaidy appr oach

for selectjng fesource its is first available. Using this technique, the
assi gnmntéﬁ&f%@eﬁp%é?’éme¥ SAUARIBFR -%@%@%ﬁ&@%%q?wgﬁewem i t

gent 246 _ _ _ _
macrix o2, vt paieRS LA ERERFR FRUE o M EhEhenith i USERERUT 19 ¢ o

1 and fi r sgndpadsinmi@idrebirstsO Thegh incasie@tlentd aresstedt fo thecage 6tavion20,.bén
sel ected. These slots are the first encountered acceptable slots. -9 [1 0
JAN 2005 VipoUzEer @pawacipciiy Usasipmans o keR onbPeredia hptivadn 2 diffpweat

i nterfered chanpel.. Th ' t. devi hes, th h th
br ef er ance PRI > PAGy SERQT Ao HERES R (O 741 Zondd | B drae gament.
i nt er f er enggedr@ivgly:; mzﬁlehédretﬁt?ﬁtgﬁlggaﬂeﬁ oRMRmaRE OPHMRssthtion S usBh@thed, code

5, slot 11 " having a value o is selected. Since this approach
sear ches trefeogyive tthatrizr@2 besednart tliege SRcabwkmentss elThe updajed resopmgramwt unit, it

has the. | GRSSREFRSGH BOGHIEINvF LU Do S Uieotiee units,
communi catjgggg) Nt er FEfRNEEs laSridw eS8 %or fast DCA and will also be explained in
conjunction with Figures 4 and 6. To support communications, a cell is assigned
- resource units for both the uplink and the downlink. The number of assigned resource
units is based on the uplink and downlink bandwidth demand. When the cell requires
additional resource units, the resource unit assignment device 58 will select additional
resource units to allocate for uplink and downlink communications, step 106. Using
the preference matrix 92, the resource unit assignment device 58 will assign a
corresponding number of resource units from the available resource units, step 94.
When demand decreases, conversely, the resource unit assignment device 58 releases
the resource umits. |
[0040] One approach for selecting resource units is first available. Using this
technique, the assignment device 58 searches through the preference matrix 92 until
it reaches the first available acceptable time slot. To illustrate using matrix 92, if two
resource units were requested, starting at code 1, slot 1 and first working left to right,
code 1, slots 5 and 6 would be selected. These slots are the first encountered

acceptable slots.




[0042] In systens using adaptive power control, it is advantageous to
assign consecutive tinme slots. In such systens, a nodified dﬁpﬂqﬁgngﬁy be
used. Using first available, the first avail abl e nunber of consecutive
time slots_woul d be assigned. For instance, if three tine slots were to be
assi gned, ¥8dE*1s5-S7 woul d be selected. Using | east PCAUSP¥HEA®Y channel
the consecutive tine slots with the least interference are selected. For

i nstance, if three were assigned, code 1, S11-S13 woul d be sel ect ed.

[0043] Simlarly, to mnimze the nunber of tinme slots used, multiple codes
within a time slot are assigned, such as codes 1-3, 511. Additionally, a
hybrid such as bl ocks, nmay be used - i.e. faqr four, resource
units, codﬁfo%ﬁc S11- Syether ARProgcdds eastateriesed cgmhiﬁhe@ﬁfég%%mﬁpﬁe@ 5% or

assi gni ng £ LsL 88qm t sed By
reduci ng the nuE er &égﬁ%b%#@é?%ﬁ%ﬁ%?%b é?#ﬁPed%ﬁg?%ﬁﬁ%ﬁaﬁﬁﬁfiﬁg cells

i s reducedintddfsragetliveel Mild illobteatt,if @66 edsduice Al Wateselodia]) ch@s sUsI6E11NI t'S
need to be allocated |"n|t|ally, the systemfinds the tine slot or slots
with the n%&%mvﬁm 101 sglsgied. Singel this|appeoaci seasehes thupuply thenentire

I nterferen sult t he. m ni num me..slots are

| ocat ed PR e SeiBoE etonrd i BolHR bt RS pactha iy BBV | o

al | ocat i onsinge®B YEIB el Pesbﬁrcaﬁ;altmsmn&Qeﬁtm&ﬁ@mﬁédﬂeValo% 8f thefavailatad r eady
all ocated codes to conmuni cations but still have codes available first.

This all ocmwwmpmsvmuammnmmferencmmldm@ from being used. After the
previ ously %;9][ 005, .WD 02/.05441 PCT/ U?Ql[ 21470 assi %ned time slots
are used, Wi e "1 or psing e THER PRIV EhCOL i} eady PRpZeORs iR gstisie

hi ghest nugdpes Is] b lﬁ%m re 11
I1lustrates ancugg%ral\bhch@c}ﬁ Slg‘%(r% IJP'F a%éﬂéd%}?%ﬁéﬁaﬁ?ﬁgé%p {f ug{‘

assi gned tavatable the fitsotvailableamaibeyof omsecﬂudeﬁineal@tsamblﬂd be mdsigdede Forimber of

time slots used. By not Ufl ng time slots, these tine slots are |eft
avai | abl e W&anGes éf Bpectime s Ot%Wé@stolh@t%‘ﬁlﬁé‘Pd fgdedi B&-S7 werdbeaslecteder f er ence

level for ﬁﬁﬁg léa'smﬁte%e%d élfanﬂaaﬁllé 89360&&\%6 Hh8 sﬂ? \gfth%eleast interference

are selected. For instance, if three were assigned, code 1, S11-S13 would be selected.

[G043] Similarly, to minimize the number of time slots used, multiple codes
within a time slot are assigned, such as codes 1-3, S11. Additionally, a hybrid
approach, such as blocks, may be used - i.e. for four resource units, code 1, S11-812
and code 2, S11-S12.

[0044] One technique for assigning resource units is to minimize the number of
time slots used. Byreducing the number of used time slots, interference to neighboring
cells is reduced. Using the muiﬁple threshold technique, when resource units need to
be allocated initially, the system finds the time slot or slots with the maximum number
of codes available as determined by the interference level. As a result, the minimum
number of time slots are allocated for a given number of resource units.

[0045) After the initial allocation, resource units are assigned to the time slots
which already allocated codes to communications but still have codes available first.

This allocation prevents additional time slots from being used. After the previously
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the nunber of codes that should be used in each tinme slot, a multiple
~threshold schene is utilized. The neasured interference for each slot is
conpared to the nultiple thresholds 126, and a maxi mum nuirikbrJA¢ mﬁne
slots to . (ﬁﬂ&hf determ ned fromthe conparison, 128. One nul ti

t hreshol d Schéme uses two thresholds, 11 and 12 as shoRfr U}’ ¥¥ﬁ@re 9. If
the nmeasured interference |level is beIOM/Il, mul tiple codes 110 may be
assigned to the time slot. If the neasured interference |level is between |1
and 12, one code 112 maybe assigned in these tinme slots. If the
interference Ievel is above 12, no codes 114 nmay be used in this tine slot.

[0048] Anot her | e thr hoI me_use tvio i nter erence

| evel s, Ilass‘]I@e ﬁ?ts ¥P u@ gﬂ?ﬁg ?Ji‘?taﬁs?lg‘éﬁgg‘f@%&\eg’%q pichay no
codes 122 ﬁggestﬁyﬁbé@gla%ﬂdme gﬁegvgg@g 25sigR fa9€e code 120 is avail abI e The
codes available for the tine slot kéep Increasing by one per each

t hr eshol d, [0046p | LFgur@l tiljusturates hn alixpeo:iahtfer oty the evediminn doestert han X

When the i erference is less th des. 118 are avai labl e for the
time slot. & cpgesiassigard loxpiime sioh ‘%@Wébt it ig destabliude it the MumbRRe RS of

assi gni ng gma&a&%ﬁtggmgt&ﬁe Hof, HEd mgé slgts‘%él%lft%%gﬂéplgﬁ{r b Eyﬁth%P dupl ex

comruni cat 1 on syst resource uni't 1's associ a Irme slot and
a code, chaosdherieriegcells.t hat the nmethod conprise: for selected resource
units of the cell, nmeasuring a code interference |evel durin that unit's
time slot @84Hg thaﬁﬂmﬂﬁﬂﬁe@ﬂ@@é‘éﬂliﬂﬁaébﬂmeﬂhﬁ ﬂ&tgeﬂweﬂldhé%t etermine has an

meacur o abnni sl b TRE S0 Y G PRS0 Rt Sy BRI B R Ssour ce

units to GORKMREA AThe HhedRtied GhtetBfonts TBE bAK JISSRUESHEY i the AVl an
acceptabl e code interference level. 2. The nethod of claim1, whérein the
sel ected rthresholdel 2nanda maginuesh eember dfyime slots to assign is determined from the
comparison, 128. One multiple threshold scheme uses two thresholds, I, and I, as
shown in Figure 9. If the measured interference level is below I, multiple codes 110
may be assigned to the time slot. If the measured interference level is between I, and
I,, one code 112 may be assigned in these time slots. If the interference level is above
I, no codes 114 may be used in this time slot. |
 [0048] Another multiple threshold scheme uses more than two interference
levels, I, I,....I,. If the measured interference level is above I, no codes 122 are
available. If betweenl, andI ,, one code 120 is available. The codes available for the
time slot keep increasing by one per each threshold, I_,, I ,, etc., until the interference

level is less than I;. ' When the interference is less than I;, n codes 118 are available for

the time slot.
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performng the steps of: neasuring a tinme slot interference |evel for each
time slot; conparing the neasured tinme slot interference |evel for each
time slot to a threshold; and elimnating ones of the tine Iots bz&bsd

‘a result of the conparing; wherein the selected ones resour! 0 not
include resource units of the elimnated ones tine slots. 3. The met hod of
claim2 wherein the neasuring a ti =S ﬁg\ég nterference |level is perforned
using interference signal code power ](S‘ 4. The method of claim3
wherein the I SCP is measured using a recei ved power of mdanbles. 10
January 2005 5. The nethod of claim2 wherein the neasuring a tine sl ot

i nt er f erWhaeis claamed isi s perforned using a neasure of inter-cell
interference. 6. The nmefhod of c¢laim2 wherein the neasured tine_ slot
interference |evell- corp ﬂa@i@r%asgmrrge@s«m@wmtswﬁbmm@he%@meb@sm

interfer I threshol d and t. nes of t he
et onegn b R R, SRR sSogRRn i aties 8 and
conpri sigGder QeHeletedinhef tBE GRAGHI ®nse; | Ndi cating resource units that
correspond to elimnated time slots a eI I'mnated. 8. The nethod of claim?7

wherei n the pref erfansekected tngsovrct nditcofl S celk nioabupRg eccdde ifterfdngics level IIH%
met hod of claim 7 wherein the assigni ngﬁﬁr esource units is Eméformed

r eadi ng thatemps dmerdotawsinghatiupits vade arnd detemyniag fwhether ghat uhis basan ecs)@puab]@ uni t

read in _ the preferenc tri x. 10. The of, claim 7, wherein_the

assi gni M Bd & 8’%"%%"%3 ‘?Sgdﬁ%‘r?&PWé’anS%ﬂloé B’rﬁgﬂm]é%‘inﬁ?'ﬁ“ﬁﬁi g0 g%feé@lcﬁm t

in the ‘%ﬁ%ﬁ%ég?‘% dM th a lowest interference level. 11. The met hod
erein

of claim e assigning resource units is perforned by assigning

nul tiple resource edsodrct 9Rfts BfltbRRBicatiohs Gab of Giét dele@tddi BFusdedlfits 12

The net hod of cl ai m 7 erein the assigning resource units is perforned
having an acceptable code interference level.

2. The method of claim 1, wherein the selected resource units are selected by

performing the steps of:
measuring a time slot interference level for each time slot;
comparing the measured time slot interference level for each time slot to a
threshold; and
 eliminating ones of the time slots based on a result of the comparing; wherein the

selected ones resource units do not include resource units of the eliminated ones time slots.

3. The method of claim 2 wherein the measuring a time slot interference

level is performed using interference signal code power (ISCP).

4, The method of claim 3 wherein the ISCP is measured using a received power
of midambles.

-12-




by assigning multiple resource units of a user equipnent to a sane tine
slot. 10 January 2005 13. A wireless tine division dupl ex comunication
system using code division nmultiple access, characterized in that the
system conprises: a base station conprising: a resource uni®ti2BeaY dfent
device for receiV|ng code interference |levels for resource unlts

produci ng a preferen ST received code _.int ce | evel s,
and assi gni ng resgourc ti“géf)g f@%}ﬁ%u‘%ﬁ%r ﬁ@%%?ﬁ@e qu't

mat ri x; anqe@elgslferrf&ﬂlgaa tarﬁégggfé _cal aquer interfer ence

measur enment - device for gurl ng dﬁﬁlrﬁt er er ence Ievel s of a resource
unit using that unit's code during that unit's tine slot; and a resource
unit assignnent devi ce for ouw&utu ng code power interference neasurenents
for use by the Wase skhgt g’hbﬁ@glﬂl@mmqlummstotmt@fawmﬁiﬂwbatl ons

usi ng the resour.ce

claim 13 w8 F}t ts as ﬂie?lé Hﬁerdb grﬁﬁatl %{enqg‘glgggi stem °

i f I I f
a1 esour co T ué‘lﬁ‘ﬁﬂﬁ%ﬁﬁ%"ﬁ.&%@s@“ i ﬂﬁ%rS.‘&Qe*?‘%gﬁﬂ“ﬁf?’fésmﬂ.e%esl ot. 1.

The system of claim 13 wherein the user equipnment further conprises a tine
slot interference neasurenent device for neasuring an interference |evel
of a time slot dnd tHAdemastiod efelaimi2 fusthei epmprisinggrodurngsepreferapce tatrixt | e
slot interfer.ence nmeasurenents for use by the b e statlon 16. The system
of claim 147 i TRSQUES %@%&WCWWPW@ liminsteg). ot

i nterference neasurenent device for nmeasuring an |nterference | evel of a
time slot. 10 January 2005 17. The system of claim 13 wherein the user

equi pnent  measuges CqUR mbfHdd SLERNGET Whepbin BR freRGehdhtatRZShdicates
eliminated time slots.

9. The method of claim 7 wherein the assigning resource units is performed
- by reading the preference matrix and assigning a first available resource unit read in

the preference matrix.
10.  The method of claim 7 wherein the assigning resource units is performed
by first assigning a resource unit in the preference matrix with a lowest interference

level.

11.  The method of claim 7 wherein the assigning resource units is performed

by assigning multiple resource units of a user equipment to consecutive time slots.

12. The method of claim 7 wherein the assigning resource units is performed

by assigning multiple resource units of a user equipment to a same time slot.
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18. The system of claim 13 wherein the user equi pnment neasures code
interference | evels when instructed by the base station. 19. The system of
claim 15 wherein the base station resource unit assignnment device
elimnates ones of the selected tine slots having a measurl@danyagy 209%r ence
exceeding a threshold. 20. The system of claim 19 wherein the preference

matri x i ndicate elimnated tine slots. 21 The syst.em.of claim 13 wherein
t he assigning rzléour cfg‘ﬁﬁf:ﬁ?s jtyne éﬁYFM&PW FPIQPUIYCATYH SHFCH USHRr ce

unit in th : J i - ol .. 22. The
syst em of ?Iog??nﬁﬁgﬁ\%ﬁg?@t}\é %ﬁggﬂétgg?%ﬁ%e%’?g@(?ggiua? t(t:lger{}ﬁife?ﬁ; E?Igbﬁ%%r'f or med by
assigning nul ti pltsasesspioh@empising:of a user equi pnent to consecutive tine
slots. 23. The systemof claim 13 wherein the assigning resource units is
performed by assi gni rigrasolce pinat assigyumens devides farf regeivingr cadpuingeniereneso a
sanme tune Sllﬂ%i Title: CODE P R.NEASUR@I/EN'I' FOR. DYNAM C CJ—lANI\é%I{

ALLOCATI ONI9Wss forctiesonsee smptsePraAneing 4 Rreferencs 2wty psing the reqeivesk code
wireless ti; | VI.Si u > ' ' ste Sin {.Vi = Sion
mul 1 phe adietehd 1R B s GATRY Vel e B ioCE AR FBHE vilnl el
code. For geifRfdmed nP4teis; Ald the cell's resource units, the code interference
| evel is neasured during that unit's tine slot and using that unit's code.

=
e

"~ The code i nt er f arusacequipmeht ¢anpusipgred to a threshold to determnine

whet her that unit has an_acceptapl e code interference | evel. Resource units
are assigned to conmdnFeds iNONET olterfiTenete measuramenty dejce dos pneasusing

I nterferencsil §¥€lirence levels of a resource unit using that unit's code during that unit's
time slot; and

a resource unit assignment device for outputting code power

interference measurements for use by the base station and assigning resource

units to communications using the resource units assigned by the base station.

14, The system of claim 13 wherein the base station further comprises a
code power interference measurement device for measuring code interference

levels of a resource unit using that unit's code during that unit's time slot.

15. The system of claim 13 wherein the user equipment further
comprises a time slot interference measurement device for measuring an
interference level of a time slot and the resource unit assignment device sending

the time slot interference measurements for use by the base station.
16.  The system of claim 14 wherein the base station further comprises a

time slot interference measurement device for measuring an interference level of a

time slot.
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10 January 2005

17.  The system of claim 13 wherein the user equipment measures code

interference levels on a periodic basis.

18.  The system of claim 13 wherein the user equipment measures

code interference levels when instructed by the base station.

19.  The system of claim 15 wherein the base station resource unit
assignment device eliminates ones of the selected time slots having a measured

interference exceeding a threshold.

20.  The system of claim 19 wherein the preference matrix indicates

eliminated time slots.

21.  The system of claim 13 wherein the assigning resource units is
performed by first assigning a resource unit in the preference matrix with a lowest

interference level.
22.  The system of claim 13 wherein the assigning resource units is
performed by assigning multiple resource units of a user equipment to consecutive time

slots.

23.  The system of claim 13 wherein the assigning resource units is

performed by assigning multiple resource units of a user equipment to a same tune slot.
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(57) Abstract: Resource units are assigned within a cell of a wireless time division duplex communication system using code divi-
sion multiple access. Fach resource unifs is associated with a time slot and a code. For selected ones of the cell’s resdurce units, the
code interference level is measured during that unit’s time slot and using that unit’s code. The code interference level is compared to

a threshold to determine whether that unit has an acceptable code
out of the unit’s having acceptable interference levels.
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