SRR

. WD 02/ 05441 PCT/ U$01/ 21470 [0001] CODE POAER MEASUREMENT FOR DYNAM C
. ~CHANNEL, ALYE®EPPHY [ 0002] This application clainms priority PEOHSEW2¥TSi onal

Application No. 60/217,093, filed July 10, 2000. [0003] BACKGROUND [ 0004]
The invention relates generally to resource allocation in wireless spread
spectrumtime division dupl ex conmunication systens using'code division
multiple access. Mre specifically, the invention relates to assigning
time slots and codes in such systenms. [0005] Figure 1 depicts a wreless
spread spgoon time di vigors friver MERSUEBMBNTEIRON system using code
di vi si on gul tilﬂg} e access %ﬁ%@%ﬂ@ﬁﬁ g\aé,gf%ﬁal ity of base
stations i@@ﬂ 07. E base, n ; [ 9 W'th user_ eguipnents

h ba . - A
(UEs) 22- nits %r@ﬂi‘?@t@?e"a‘agm JaIQrity damu Rredsionad Applicatian Np.

fromthe ion UE 22, are referred to as downlink
conmuni ca%ﬁb%ﬁggﬁﬁIYn#@Mns transmtted fromthe UE 22, to the base

station 2@an@yye referred to as uphi ircations. In addition to
comuni cat('t?ng ]over di fferent freqd&éﬁ?}iegpec rums, spread spectrum TDD/ CDVA

systems cqooo4]mul ti piie inoemEmt ﬂétb@@én@l‘éﬂ?to #3628 TS RPGH T Wireldde sprehlii pl e

signals are distinguished by their respective codes. | [0006] Since a

si gnal sespecisimdime division dluplex colantumicatiin igtemsdadihg dode i visiver mukipgaal s
in the same spectrum each code creates a virtual comunication channel

wi thi n t héceasectvora speeificadly, the Hiventiogutkatisitg assigniigstime otsaanidnepdes ém
different cells, each base station 20,-207 has an assigned scranbling
code, c*sEULRSYSIIr ansnit a specific data signal in such a system the
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communication system using code division multiple access (CDMA). The system has
a plurality of base stations 20,-20,. Each base station 20, communicates with user
equipments (UEs) 22,-22, in its operating area or cefl. 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 spectrum 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

1) signals in the same spectrum, each code creates a virtnal communication channel

within the spectrum. For use in distinguishing signals originating from different cells,
each base station 20,-20, has an assigned scrambling code, ¢* . 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 specttum, 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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., [0007] Al'sg, to nore efficiently use the spread spectrum TDD/ CDVA systens

.use repeat“ﬁﬂnwﬁﬂﬁes 26 divided into a nunber of tine slotsPQWUSELI4TGuUCH
as fifteen tine slots, as illustrated in Figure 2. In such systens, a
conmuni cation is sent in selected tinme slots 24124. using sel ected codes.
Accordingly, one frane 26 is capable 1 WD 02/05441 PCT/US01/ 21470 of
carrying nultiple comunications distinguished by both tinme slot 24; 24a
and code. The use of a single code in a single tinme slot at a single

frequency cfipantyingmultigle somdnireestiond distiipRishell by boteame stot Bf &4 8 EQd@s 2

resource unit. If a |lower spreading factor is Used, the use of "a srngle
code in a ¥heasesoba single cnde deraingietiend blan ata Singlb froqency spectiith twitH @
illustrate, usjing a spreading factor of one for a code in atine slot is

si xt een SPEGAGHRGBIagkaf sitoomiBreRrenddo ernueiovgednnit.n¥ adlowtes speadingfactdr
channel codes,, Gode 1-Code M .and Q. freguency, spectruns, Frequency

1- Fr equen &§,u§¢d Y56 Qf asingle Sod?\q_%%mﬂﬁfcﬂil&c%ldﬁﬁd Pif{fﬁrtba@a sigglaresoreg box

in the Matti : S i.ngl e resource unit (if.a .spreading factor
of sixt coniis TEUFRAEE S8, o R8a8 (006 et ciictn tilotipt Tuehs. A
typical TRERcured gpnsises 15 time slots, 16 channel codes and one. or
multiple frequency spectruns. Based on the bandw dth required to support a

comuni caf0008]. ~ oneA @Yst@ﬁihﬁsﬁ%lqmﬁ@Q@fs?SllSN}M EHAAnBPSOIREA 08O 1 1(hsHe M,
comuni cation. [0009] One problemin such systens is assighing resource
‘units in ehd Qyfregeenay spettruendj Brequerey bireqeencRa), ie illmitetbd iretedVhai 28
mul tiple causes, such as nearby radio - frequency sources and cross

i n} er f er eRE&IZIred). gHaghsemplinbex in gy Matnive 28 nbpreseits cetifigle reSaunde nigit(if a
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probl em i §.f0 Ket?ﬁféﬁﬁbﬁsystem uses 15 time slots, 16 channel codes and one or multiple
frequency spectrums. Based on the bandwidth required to support a communication, .
one or multiple resource units are assigned to that communication.
[0009] One problem in such systenss is assigning resource units in the presence
of radio interference. Rédio interference has multiple causes, such as nearby radio
{requency sources and cross interference by signals transmitted in neighboring cells. -
Sendiﬁg acommunication 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 éach time slot immediately prior to assigning resource units to a

communication. Onlyresource units in time slots having acceptable interference levels
willbe 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.



interference level in each tine slot inmediately prior to assigning
resource units to a comunication. Onlyresource units in tine slots having
acceptable interference levels wll be assigned to the conmunication.

Al t hough this technique reduces the possibility of signal data loss, it
does not b nate all resource uni ffering unacceptable interference
| evel s. A@h:lm onal |y, neasuring t%bmmgrence | evel s imedi ately prior
to assi gnEene] r equimes &l VE=RTgelal g i t :
resour ce;[. Agccor di ng?f/, t her e\(@m stsra%!;éncge%fjfs%érqq)e{}ﬁégégf?@&ﬁ%@@eﬁg%%r%ach
for assi gnonigledes anethod afnadstanidg [rOSblikcd vBUYMMRH Q0ded of 2 deedsdamge Wi th
an aspect of the present invention, there is provided a nethod of

assi gni nglivisisu duplesncemmuni¢ationasystttn, eficta rojouete switt isnassodiatdds math dupl ex

and . codtmE A3 3o ol B8 FhBRAZEAdiribah JhE SBRHORs SamPEFess o belEded
' : I | | . ' t hat
i or s R it B Gl TR0 0B kR e e RE BB ot HALRT i

has an aqigetRhlusingChdEunilts ebd& aRd AbtekRithg RSt HeOthaPukie FRSEA %@&gﬁéblbhat
unit's nmeasured code interference level wth a threshold; and assigning

‘resour ce codet interferepcemtanélc hasesh onoat carhpatisors elfetita dunits aneasarethitosichavi ng

an accept.apl ¢ code |nLerf_ rence |l evel . [0012a] |In accordance wi th another
aspect, tREFErencey, Byehedvith wigr efhiesholdinpand)i \Assigging u prseXRrecontits c40i on

system usi -di vi Si 0 | tipLe access, . characterized in at_t.he
Syot om coonGRiGhe bt 4, e ShLGAERENRS, vt 1B I 8 et icghfont
devi ce f QhtefRe@ickilegelcode interference levels for resource units,
producing a preference matrix using the received code interference |evels,

and

[0012a] In accordance with another aspect, there is provided a wireless time
division duplex communication system using code division multiple access,
characterized in that the system comprises: a base station comprising: a resource
unit assignment device for receiving code interference levels for resource units,
producing a preference matrix using the received code interference levels, and
assigning resource units to communications using the preference matrix; and a user
equipment 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.



assigning resource units to comruni cations using the preference matrix; and
a user equi pnent conprising: a code power interference neasurenent device
for measuring code interference levels of a resource unit using that
unit's code during that unit's tinme slot; and a resource unit assignnment

device f tputting c i rf.er S for use by the
base staﬁp% and assi gnﬁﬂglEPﬁ)@me}?ﬁiﬁgW s using the
resource {415 assi b ' SCRI PTI ON OF
THE DRA\N[RI%I(4 [05.% z ﬁgéuérxgﬁfig’s‘g%gr%ﬁ%@k@%mi%@@&%ﬁ%& St o
system [QODI5] Fi dligere2 isandtlusiraticd oAt s16fs ih irdfeasingtffarnds.r epeat i ng
franes. &001-6] Figure 3 is an illustration of resource units distinguished
by channéfOl&lode, tHignares} s ambinstratignerfcesoyioo 1mjts Misfinguishedsbwa chameli f i ed
base statian and @er ui pnent [0018] Figure 5 is a flow chart of slow
dynani ¢ ERYFERC &L iagH eNCY.0019] Figure 6 is an exanple of a preference

matri x. 1 Fi gy i . i rfer . nmeasur enent

devi ce. [[?gggl] Fi %%%84 |ﬁsaase{ ?)iw %?tﬁdgﬁoﬁf%?t&ggﬁgwﬁ%gﬁanneI assi gnnment
[0022] Fi[QOr8 9 is Rgure!d dst flewiparadf IoR dymagfil ehshi@dssigamefnnent .

[0023] Figure 10 is an illustration of nultiple threshold code assignnent.

[ 0024] Fi[é@llﬁi 11 i Figure| o anrexampdé offal preferendematsixol d code assi gnnent .

[ 0025] ‘ﬂd]ED DE?CRI PT) ON OF, THE PREFERRED Elél\/BCDI VENT( S) 0026] Figure 4
is a si'%ﬂ ed basdSWEH: BEFosis POWRY 1nferterencesieyel easuremenedevies-ow and :

50 SRR NS SRR Ml A, o

[0022] Figure 9 is an illustration of two threshold code assignment.
[0023] Figure 10 is an illustration of multiple threshold code assignment.
[0024] Figure 11 is a flow chart of multiple threshold code assignment.

[0025] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0026] Figure 4 is a simplified base station 20; and UE 22, used to
“implement slow and fast dynamic channel allocation (DCA). Figure 5 is a flow
chart of slow DCA. The flow chart of Figure 5 will be described in conjunction

with the preference
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~with the preference 3a WO 02/ 05441 PCT/ US01/21470 matrix 92 of Figure 6.

. Figure 6 | WO Hlustration of a preference matrix 92 creat 8TASI214T0%esul t
of slow DCA in a TDD/ CDVA system having 16 channel codes, 15 tine slots
and one frequency. Each box in the matrix 92 represents one out of 240
possi ble resource units. [0027] Initially, the radio frequency power
interference level in each time slot is neasured, such as by interference
signal code power (ISCP) or determning inter-cell interference, by |ink

gai n, st epmBRix IN6f Fikie B FiALE #SH REsHAEDS of agﬁgfnét%&tﬁée&c@%exiM2 éﬁﬁﬁd"fg

comuni cation bursts,” al t hough ot her TSCP neasur I ques may

used. EachatesuR of kot DCA e TDB/CBMA sy@smliRdn gl 6hhhes] doies, 18 sensdlats on
201, UEs 22-22 0 or both. For tine slots interference neasurenents taken

at the basandsomt fiequendy. Babk Hexsia tieanawix 92 anpeasentsdtne eueof/240 passibles
radi o frequency signals. The received signals are passed through an
i sol at or JFESQWCEUAHRDduUl ator 36 to produce a baseband signal. A tine slot

e R R RS RS eERRE Ea ip  or
241- 240 of; b | '
248, 200 o A T Ry ST R SPEAI

frequency istgfbisce, B4 'Vﬁég%i()gr'ﬁieﬂ@fem ablieQWethghe nfghRbRE OF

switch 62 to a denpdul atofr 64 to produce a badeband signal.° A'time slot

i nt er f er ergfecsdoslic@nBniniciondaurss, sidengdsbet ISCParabakthai githhiqub®may
nmeasure the interference |level, such as by ISCP, within each tine slot
241- 24a. Teausedi dackitope stod's imternfentrsetis kwaseteded citheE (xohase Ztattone2(;y Pibsal | y
T o Pl AL ond. For A aiqterference macasutéments taken ot the base statioh 20,
the base station's antenna 30 receives various radio frequency signals. The received
signals are passed through an isolator 32 to a demodulator 36 to produce a baseband
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. | |
[0028] 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 produce 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 slot 24,-24,. The
time slot measurements taken at each UE 22,-22, are typically signaled to the I_:)ase
station 20,. Alternately, the measurements may be multiplexed with the uplink data
sent io 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 to a 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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_~sent to the base station 201 produced by the data generator 78. [0029] A

. ‘conpar at oWG®/AH4L he base station 201 conpares each tine sIPET/ES01/21470
interference level to a threshold, step 82. If only the base station 201
took tinme slot interference neasurenents, each of these neasurenents is
conpared to the threshold. |If only the UEs neasurenents are used, the
conparator 56 conpares the average for -4 WD 02/05441 PCT/USO /21470 each
time slots interference level to the threshold. If nmeasurenments fromthe

ot s nelRvan e birrgees el RS B BB BRSSO Ba T T

slot's neasurenent i's use ase

UE nmeasur g6k 20,0and/EUEE D PSR aicAlb&]) ABASYhEREAYSrade§ b cash Aihé iGary | Y,
each will use its own neasuUrerfents to determne tine slot availability.

Al t er nat elneasmemeatisngedwyitisthiclbasdstatiap'p kived highieraw¢ight KIUE heaswenehey ence
|l evel is above the threshold, all the resource units associated with that
time sl ot oallE andrbaset gtationmeasucements differ gignificantly, eavhniill awei ighownst ep
84. The resource unit assignment device .elimnates all the elininated
time slot 8133517‘%"@’@&?1@6‘06&1{?@% Uﬁf‘esdlgf %Yaéli‘gg%téff ATEC‘WB@CEE\@P’ PW%@%WSE}I%C
illustrate . usi i gur.e,,6, .ti.me_ sl ot has_a ac interference
ever . al PR iEa ol iiBeSmetnrEads fvefis "BarAhe tHAGERR. A BerBictit g

mar ked wi X' dadi [ t Yelfthfatdd | 80 0 %ﬂ@ [

assi gnrren%%goﬁggﬁdti%’intgl Itg?éo &r p?J}trnata%sel‘nf)ts ange |rm$r?2(tg:é b%esc1 useﬂé h%ly are

reserved gsthm@hit@tioRs] f1ep 82 ‘B¢ s@rct dhitfshipa et devick I eliminich 4l the

| i kewi se marked with an "X". [0030] For each resource unit in tinme slots
‘.g_h_da)/i ng acelapimabddetimet Goferesoaee upitslis the sthredgmeferppeematny 92f Feilbstrztey el

I'S measured, step 86. The code power neasurenents nmy be taken at the base
" station 2wsingFigure 6dtimsosler4 hat an rescsapiablecintarferpnen leysli A4 offbe regeurcec ode

ower interferepce asurenent devices 68 or, hath. ,Code .power
P © units in the column under trfmes ot 4 are marked W_l%l an mdﬁ:a%ﬁg that they are

eliminated from potential assignment. Additionally, other time slots are eliminated
because they are reserved for other purposes, such as fbr a broadcast channel, and are
likewise marked with an "X".
[0G30] For each resource unit in time slots having acceptable interference levels,
the code power interference level is measured, stép 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 transmitted. A signal 94 representing the received
frequency spectrum is input into the code power measurement device. The inputsignal
94 may be a radio 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
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_nmeasurenents taken at the UE 201 are either signaled or nultiplexed with
~uplink datWOO¥F@ad1] Figure 7 depicts one possible code powecTiuseeefies ence
nmeasuri ng device 50, 68. The code power neasurenent 50,68 is taken on a
frequency spectrumwhere the codes of interest are to be transmtted. A
signal 94 representing the received frequency spectrumis input into the
code power neasurenent device. The input signal 94 nay be a radio
frequency, an internediate frequency or a baseband signal. A code

g n er . . :
Mt oroat. TReoHshRiol: PRE pENAL ERaldemdton Tl i burt i ober & We Sommplated, o
or a mat chefip i Iftedomplexidote $08kRd, Bie duth e %Fsuh?oﬁﬂié‘iﬁ@r@%dgz The ?ﬁ]plex

correlator may performa conplex multiplication for 544

PCT/ US01/ 2ddpe Theaeswltinglsatn i3nthe Godlegsoywesr hBG Sor thersvide df\ihegedt8 Fiodde
power of the correlated chips. If a conplex code is used, the sumis the
sum of t hePafgghincasirentent irotakensluring eadlptimeTslet teebemsasygreshinThe mdusumsale
power 100 for the code of jinterest. The code power neasurenent is taken
during eadPW¢igag bgindex Fﬁé%ﬁ?@él.aﬂqlﬁéﬂ%éﬁﬁhéﬁl Lpiondi0“ iayFigure Gdexed

non- el i m 0P34 eso pieh pii Pl rosoperdunich forlq Blfefersiicatbelis babeed,
threshol d (gt; gREGAIALS rcotﬁli)are%tér 95! ifbgﬁr ﬁfésﬁqsgts?ﬁﬁcﬁng %ofc&%tﬁgq)?%gference

interference neasuremnmen ese [measur emen are conpare

t hr eshol d médsveain¥nts) ehddE rieasiRARHIS BBO ESmPafed/@Alle thREhSIATIR LAl P e E's
conpares the average of these neasurenents to the threshold. If

mepsur enermeasiwenentse abasesed; aheocofphrated BEScoRPARA. iy cavessgh of \theght ed
average is used. Typically, the base station's neasurenment is given a

hi gher weiB¢asurgenisiatthe threshoddi A mensueemeentsrfom tenbase statinny 26, wEl PEs- 22,
speci fic. ,)Fur hernore, .if UE neasurenents, or éJff and base statjon .
measur emerts dif e VSednar Wﬁ@,aﬁégevﬁsl psede lypIcHl, Fhaskrsenstition'seach

UE' s measurement is given a higher weight. Alternately, the interference measurements

may be UE 22,-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 resonrce 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 unitis 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 chanﬁel 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.
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_ neasUreneq& is conpared to a threshold for use in resource assignnents for
“that UE M98 Each UE 22,-22. has its own preference nab¢T¥ YRI1470 e
specific. [0033] If a resource unit's code interference |level is above the
threshold, the resource unit is elimnated from being assigned,. step 88.
The resource unit assignnent device 58 elimnates the resource unit in the
preference matrix 92. To illustrate using Figure 6, the resource unit
associated with tine slot 2 and channel code 1 has an unacceptable
interfererf@d34pvel dike basestitiont resourbennbsdigniientdeiiteds sexds sifhsls to the
resource unit assignment device 58 also stores in preference matrix 92 an

i ndi cat or e stationsehiva estirmafien davise 48y ehawiel ebimation sealieet & abspreadimgi t s,
step 90. As shqown in the preference matrix 92, the interference |evels are

i ndi cat ed AWGTFAIBINZReBeRste mgertion deyipes %ﬁ%?o controlawhich eodes gad Haelat | y
't orf or o eSOy ARG Spneion Bl nasion e 44 G E ERTol devite”
Station o IPRLLEHEBElrRn] SHARER] e SRPaREROPHAR R 3stiBfed RS

spr eadi ng ypwmg éclfrﬁinﬂhﬂﬁti%ﬁg%ﬁ‘s‘teaﬂd‘%f‘é bhsNs QY QerARBLAL colie, cont r.gnFrhw ch

codes and tine slots are used by each device. The channel esti

.devi ce 46 asignedtimee slotsaiid eodeciiecsent46 ths cease] esiemhtior denitesiqnal dam t he
time slots and appropriate codes assigned to the uplink conmmunication's
bur st and estimabiapedestice “8rfremns theardsbirgy void essighpent deviceh88. abk¢ ghaunali ne
slots and cqQdes are sent to the channel estimation device 46, and data

es) i mat i oifSH@AIER dggiceAGROIBORYIISE? e HAMPINEASARERnFSRIRAIENEE thg basghand -
R TR e T R
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48 to estinm e recelve
buzst. _
[0035] Data to be sent to the UEs 201—20,1,'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, ¢, spreads the data and
makes the spread feference 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 summed 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,.



~ burst. [00@% Data to be sent to the UEs 20,-20., such as over a traffic
‘channel , i YRhétat ed by data generators 44144,. The data PETHSEVYAHWd one
or nmultiple resource units based on the conmunications' bandw dth

requi renents by the resource unit assignnment device 58. Each spreadi ng and
trai ni ng sequence insertion device 42142, mxes the data with the base
station's scranbling code, c*s,.a, spreads the data and nmakes the spread
reference data time-nultiplexed with a training sequence in the

appropri at[@0B6ye s| oThe dide R4tesn'® freb R c@ R0 ASHhRe At [deQidéNhlsd- sehids Ml put
.of the spreading and training sequence insertion devices are referred to
as a comuesoaiceanit assigamentstohhe UENRD, 2 | The bssighments supseesigniled to the
anplified by a corresponding anplifier 401-40,. Each anplified
comuni catIiJéﬁ 23y or s tiplexad witl teadific datai. cBhe stvissignamsnto atearsed by the
comuni cation burst created through other devices, The sunmed

ADEOMenE

conmuni cat V61§ FfPUce ypis dlayyce 7oy feicanims whislk resBrea (UBis signal
is passe r h anrhsokat or. 32 and..radjiated by an antenna 30, as shown,
or, al ter%ﬁ%%[\%a%%%é%‘ﬁwgﬂﬁgp &b radi ated signal is passed
~ through a ess radi LA el ats sl 41

PCT/ US01/ 2[92%1 [00312‘?ilJ et égé& ?tgg’tnf%c%#‘g‘“%’gg%grﬁg%‘%%n‘?s a%%qng%%%%)g%%\?lﬁce

al so sendsldidestith@EEVISHSTO Proesba B Mt Bdieblid agﬁaﬁ&%eﬁﬁ_@slots and_
assignnments maybe signaled to the UEs 221-22, or mul{iplexed with traffic

data. The appntpraats codepassiznead & theekbwntinkivombbhigaties burst end thetbags siagjonknt
device 76 to determ ne which resource units are assigned to the UE s

d %)Nm i nk AsERmblag RO Hinels . Thoossignabiimersiotssndi aastes dooneitrip thechanndle
chan

nel estj.matjon, device 68 and .data estinmation device 70 processes the
ecei ved FaUmHA devie48 and date estimation gegcann fromn the resource vnit assignment

device 58. The channel estimation device 68 commonly uses the training sequence
component in the baseband signal to provide channel information. The channel
information is used by the data estimation device 70 to estimate the data in the recgived
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 reduiremcnts.
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
o ) the assigned resource units. The assigned resource units are sént to the spreading and
training sequence insertion device 74 by the resource unit assignment device 76. The
resulting sequence from the spreading and training sequende 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

Wiifgless radio interface 80 to the base station 20,.



_appropriate codes assigned to the downlink communi cation burst and the base
.'station's W&#24dli ng code, .c*. The assigned tinme slots andecoassi/ass sent
to the channel estimation device 68 and data estinmation device 70 fromthe
resource unit assignnent device 58. The channel estinmation device 68
commonl y uses the training sequence conponent in the baseband signal to
provi de channel information. The channel information is used by the data
estimation device 70 to estimate the data in the received burst. Uplink

data | s oefirns)ed byTf. SRRl S AtRI0o red HiPHRbIdcl Bt d:SicARRlI AR |

or nultiple resource untts based on the co I'catl1on

requi r emen§&may efipdaicd dnasbriff-ObAGs SLEHEHRe p&ﬁ@dﬂc‘lﬁ@is‘.j%iﬁ%a ShSHEAS
the data with the base station's scranmbling code, c*,." spredds the data
and nmekes aisdysipteaprefatacenmerid8anay bevepdatéd fiphex periot o neéintiteito a daily
sequence in the appropriate tine slots and codes of the assigned resource
uni ts. Thebasisiypreiappseath. tee usirequipmenieA2,;-22, mpaswsp theiinaglotinterferarioei ng

sequence insertion deyi.ce 74 by the resource_unit assignnent device 76. The
Cesul t1 ng ¥ehBAAR fadsiiisrentedaushingdns file Hime el BigdB Reeestige FeGepion
device 74 rL: S comuni cation burst. The co nj.cat,i,on ;bur st
i s subseq udél'r%ljt Fé&%ﬁg#@g?b;ﬁﬁ?egﬂ%ﬁq?%wg FC PRI E’nﬁ}el ﬁ?sé’%ﬁ R'C :Hli on
burst 1S THOMA!ARdRY, i LRLIRMER OVl RSB PERIAE Hibis PAPASHEEREARYON
an isolator 62 a radr ate y an antenna 60 or,” alternately, by an

ant ennal @rggwachrhﬁerm&eaﬁaﬁoﬁl OB siPRAs ahie tYR0UgN20N G0 WikeChRSSurkAttnds,

I nterface to the base station 201 -8 WO 02105441 PCT/ US01121470 [ 0038]
T@e pr ef erfecaoedimgly, the 182asusemiehts ardiaker sowdepemndn Thedmsé gntion20depdates thes
may be updated on a per frame basis or on a nore periodic basis. Using a
st ati sti cdrefespngeymiagix ORebpsesk encthese maasusengntsrayThe upddtedetesbrme anit
period of m.nutes . to a basis. In one a

ai | r.oach, the r..equi pments
Do L 99, ° g e SESeaubnty et fremipe DasE BRHGRED, o e 2219, P
[0039] Figure 8 is a flow chart for 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
addifional 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 deviée 58 releases
the resource units.
{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.



~level and the code interference level during the idle tinme between

'successi vewp@reisttion and transm ssion bursts. These neasurpOROE®E/2A4® Sent
to the base station 201. In another approach, the neasurenents are taken
on a periodic basis. In a different approach, the base station 201 signals
the UE 221-22" to take neasurenents. Accordingly, the neasurenents are
t aken on-denmand. The base station 201 updates the preference matrix 92
based on these neasurenents. The updated resource unit assignnents are

subsequent ent fr I QR 2 t h 22. 224,

Figure 8 i[ls)bj%ﬂf | ow € %‘Qf %ﬁﬁgggﬁﬁ%gﬁg&%fﬁc%@Sﬂf@eeéﬁﬁﬁd{:ﬁgg%k
conj uncti | | qu% Iéﬁd§ ' - QR8s '

assi gned Q?%ﬁg@bgﬁﬁeéf)r (I)ls?%n% e %ﬁ&%&h&%n the o%m%‘?lntkelq'ﬁéétrgg%er
of assi gnéfierfesgicedevel NTosillusiriies o rdsdardedhbit v AN skldered] tate Hagidnidt h
demand. Wien the cell requires additional resource units, the resource
unit assi dranig a stelvicoaf S8 vis|selestde cSimmd dhisi appabach ssmchesthwoighs thecentire

al l ocate for uplink and downlink communications, step 106, Using _the

pr ef er enc dEk P befiore selpstingages@rce Bhit, issequiresenerequocessinggimg. Howevegn a

e on SURE DR e BRe ATt B he uRT IRt e Lo ng TR bIEnt
devi 58 e .Ce. Unj Q040 h f | ecti

Fesour e BpLER GRS, HOfbRHGES Bl fonce dp FRIBE P 2% LD S gnrent
devi ce 58[gepriches thrQu@hhd fgnpqak '@é‘I_@S\valgf‘EBh&oﬁ%t %dx}amééeoh@@gggs‘i@he

first avail abl'e acceptable tinme slot. ustrate using nmatrix t wo

'«;\‘r\gbour ce gondesuttes Ericdlogs (e suctsdydtdmd) @ maddisied approfhehayibenisddl Ussig fmyiki ng
eft toright, code 1, slots 5 and 6 would be sel ected. These slots are
. the fir st agilablettbe Edst avadableahinebar] adtconsedmting tha¢ Odsiworidid 1B6ign2d4 For

instance, if three time slots were to be assigned, code 1, S5-S7 would be selected.

Using least-interfered channel, the consecutive time slots with the least interference
are selected. For instance, if three were assigned, code 1, S11-S13 would be selected.
_ [0043] Similarly, to minimize the number of time slots used, ml_lltiple 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-S12
and code 2, S11-S12.
| [0044] One technique for assigning resource units is to minimize the number of |
‘i) - timeslots used. Byreducing the number of used time slots, interference to neighboring
lcells is reduced. Using the muitiple 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 aresult, the minimum
number of time slots are allocated for a given number of resource unifs.
[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

-10-



- [0041] Anot her approach is least interfered channel. The assignnent device
. '58 sear che@0¥/bsddligh t he preference matrix 92 for the resouwraUSM2I4T0M t h
tHe -l owest code interference level. To illustrate, if one resource unit
was sel ected, code 5, slot 11 having a value of "10" is selected. Since
this approach searches through the entire matrix 92 before selecting a
resource unit, it requires nore processing tine. However, since the

sel ected resource unit has the lowest interference |evel out of the

avai | abl e .4 : ' i R Lot.erd j : ] I'n
Syetems ulrERaHinE sk nic uh LD b o hi¥ ST I 2 GEE LR Havmiie
consecut | mgﬂebﬂﬁzrﬁbeﬁéfairﬂla%ﬂ@&ééﬁﬁﬁ%sﬁgﬁ&ﬂf&dt.ed approach maybe used.
Using first  available, the first avaifabl & nunber of consecutive tine

sl ots woul{@D46d assi Faguke Hoillusirates ancgprodch for eontrbithgsihetfaxigiien hoaniber
assigned, code 1, S5-S7 would be selected. Using least-interfered channel,
t he conseoficodas assignedtondime slott fieneradly, itiin desitable te Emibthe mohbertafdime&or
instance, jf three were agssigned, code 1, S 11-513 would be sel ected.
[0043] Si Mofsysed. Byonat wsipg fians slets, thasetime slotsaredeliayailallg forpsa bpedes odes
within a tine.sl %t .are glgsi gned, such as codes 1-3, S11. Additionally, a

hybrid a * bl ocks, may be used - i.e. for four resource
BiSo B R HE e

units, co 3 S 1145 ; ﬁ-]ﬁ'h;l& : e f’éﬂ‘ﬁ]'{@?r

assi gni ng@éﬂur ce &%%ﬁeﬁf%@ %&%@%}ﬁn}rggclgr € nu%%%#kﬁgghéﬁg{ag used. By

reduci ng fleaumbROF coties B8Rl sRdUIB behRédin édbhﬁfﬁl_@ﬂ%ﬂcaﬁnhﬁiﬁl@iﬂﬁjéﬁﬁﬂﬂ Behers®! | S
is reduced. Using the nmultiple threshold techni que, when resource units

need to Iseutilitedcae ieatirad|igterforensy Soesndh olis it fwntpared sbahe anulsiplé s
wi th the maxi num nunber of codes avail able as determ ned by the
i nt er f er eigeshoddeel 26, ayda magium numebariofitimeslotsiniassigois determisiedifzomitiee
al1 ocat apprapesth ddhunione taninks Sib6Ia Shems wiond ) Greshilg. i eaf fadly
al | ocat edygofie urd BMP iiethb &R ed treftbldrlce 1V i€ RABY £V AluIARLZoltd Plo
' may be assigned to the time slot. If the measured interference Iével is between I; and
I,, one code 112 may be assigned in these time slots. If the interference level is above
L, no codes 114 may Be used‘ in this time slot.
[0048] Another multiple threshold scheme uses more than two interference
levels, I, L,....I,. If the measured interference Ievel is above I, no codes 122 are
available. If between I, and I ;, one code 120 is available. The codes available for the
) time slot keep increasing by one per each threshold, I ,, I 5, etc., until the interference

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

the time slot.

-11-



This allocation prevents additional tine slots frombeing used. After the
previously -10 WD 02/05441 PCT/USQO /21470 assigned tine slots are used,
new time slots are assigned with the time slot having the highest nunber
of avail abl e codes being assigned first. [0046] Figure 11 illustrates an
approach for controlling the maxi rrua W(g of codes assigned to a tine
slot. Cenerally, it is desirable to L the nunber of tinme slots used.
By not using tinme slots, these tine slots are left available for use by
other <cross interfering cells. [0047] An interference |evel for each tine
sl ot is nyasuketimbdds: To determ ne the nunber of codes that should be
used in each tinme slot, a nultiple threshold schene } is utilized. The
“nmeasur ed i nt erlf. er enk endtbod efiatsighiag resouroepaite dvithin taheellnod 4 witetedsitirms hol ds
126, and .rraxi nunber of tinme slots tqQ assign is, determ ned fromthe
conpar i 5612"1319218 3 W%F@tlpﬁr%%nde%@hé‘?ﬁé’uﬂ%ﬁemtvﬁé asppeistedl with a1 and

f d f
mul 1 p1 o L0t B Sode, Uarb BT I B %%e@vﬁ?go%?r?ﬁv%ef%a@swsév |
i nt erf er eagsure®vglts icf ﬂaetd@le%édsuﬁﬂg a kdde Qe %‘Fc 11%%?1”&%@ g@%@{;ﬂiﬁd in

these tine siots. If the inferferen level 1s a 4 may

be used itim¢ biios uSngthsﬂ wiit's OfARd daetharingwlictidrehatvidshad sh acdepiableses
nore than two, i nterference Ievels I, 12, l,,. |If the neasured
| nt er fer @ﬁé@ misregrenee d@‘(ﬁle 3%d AB & owUwBpasonaof that ainitshmecasnrebgodeen | a

, l% f allabt:hﬁ ﬂgcodsavallableforthe time slot
keep |ncrué gﬁeﬁedlcﬁy NE p(‘-?’rl ah PFEOHE o A5SIgRNEs respurce (Hpits dpe
| nt er { er eefnudiedEnd Suf STSMHENodred iSBuBC Y Bl £I°RA SdSplaBhS doian !
n codes 118 are avallaB e for ime slot.

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,

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

level is performed using a measure of inter-cell interference.

6. The method of claim 2 wherein the measured time slot interference level

comparing determines whether the measured time slot interference level exceeds

12



-11 CLAIMS What is clained is: 1. A nethod of assigning resource units
within a cell of a wireless tine division duplex comrunication system
each resource unit is associated with a tine slot and a code,
characterized in that the nmethod conprises for selected resource units of

usi ng.t ndbCTRTEORE s Bied HYBH SRS icitRe e tine Il Sxeled bt abl o

code i nt gpfRRsIACE | evel based on a conparison of that unit's neasured code
interference level with a threshold; and assigning resource units to
comuni cations out of the selected resource units having an acceptabl e code
interference |level. 2. The nethod of claim1, wherein the sel ected resource
units are sel éetlde methogderticdainm Afurther SOBPSISHIZ. Producing awgreafenen%matm
interference Jl.evel for each sl ot aring t.he asure .tine slot

i nterferél @gaﬁl%épsc}u&e SIS tﬁ’iaﬂg’ogieﬁ’oﬁ%%%rm %n | aél?' ‘ﬁg ones
of the tinme slots based on a result of the conpari ng, V\/nerel n the sel ected
ones resource units do not include resource units of the elimnated ones

time slots. 38 Thaenaidiest obf iginn 2 whefreth NtHroRasntid Nfat@ix iiABicales!
interference level is performed using interference signal code power

(1SCP) . #linmhateddimeslots. cl aim 3 wherein the I1SCP is neasured using a
recei ved power of mdanbles. 5. The nethod of claim2 wherein the
measuri ng a time slot interference level is perforned using a neasure of

inter-cell @e%%rrﬁ&ﬁﬁd o CIE-IEH'F7 'Wﬁé}gﬂl ﬁ’l a%gi%inmgzre\y@&rrc%i urhi{sqg p%%?l%& dtime

sl ot |nterference I"e
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.

13. A wireless time division duplex communication system using code

- division multiple access, characterized in that the system comprises: a base station
. comprising: a resource unit assignment device for receiving code interference
levels for resource units, producing a preference matrix using the received code
interference levels, and assigning resource units to communications using the

preference matrix; and a user equipment comprising: a code power interference

13



conparing determ nes whether the nmeasured tinme slot interference |evel
exceeds 12 the threshold and the elimnated ones of the selected tine
slots exceed the threshold. 7. The nethod of claim2 further conprising
producing a preference matrix indicating resource units that correspond to

[im i im d. 8. Th hod, of , cl ai 7 wh inth
or ef er ondiehlFerdR fefiSs o Euiiteachie dnfREres %! o HooRER SPtcl ar m
7 wher ei Risiretias sndhy fsdd 88QHE TRatUHil's tinSe Qﬁ)r[;‘;@fldrﬁqes&ﬁ‘cé &g f&giéﬂglgt’é’lt -

preference matrix and assigning a ?l rst avail e resource unit

the pref elerimeefaradutputtingOcodthpowet haerfefenct aheastrahentei for e b3sSSicIHsBY
resource units is performed by first assigning a resource unit in the
pr ef er enSEAtIEY ARG, AGHEAINE TasRIBERE URith to Comwmenicitions nsing. th¥ resomrcé oulitsf

claim?7 vgqg rel ttﬁg Ssigni.ng resource units is perforned by assigning

mul tiple glgﬁ%f?kg %E'ﬁe %?ﬁ%ﬂ%user equi pnent to consecutive tinme slots. 12.
The nethod of claim7 wherein the assigning resource units is performed by
assigning nultiple resource units of a user equipnent to a sane tinme slot.

13. A wirel esd4tiThe systérni ohclainl BX wibreianiheabasenstation SitHel BIMPPSS a
division multiple access, characterized in that the systemconprises: a
base st atPde pewepinterfatence messwement revicks foymeastiridgveats imerfermetvi ng
code int Zééegre e levels for resoyrce units,. producing a preference matrix

usi ng t heS Yt dllvad"SOHES UAttePsBgeHidd LS| deaduring sthahi wlt'y dyBerdet. uni ts

to comuni cations using the

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.

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

mterference exceeding a threshold.

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

eliminated time slots.
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preference matri x; and a user equi pnment conprising: a code power
interference 13 neasurenent device for neasuring code interference |evels
of a resource unit wusing that unit's code during that unit's tinme slot;
and a resource unit assignnment device for outputting code power
interference gﬁﬁS*Eenents fofdﬁse b{ the base, statign and assigning
resource unit <ol BBnPIRaft iy sihgvhersin dheupsSSIUNg t ELSOWSE| §RKY 1By t he

comr 1 sedegrorb by AR TR rk BB e I Belhbedselo 0088 WL Ty cone

i nterfergpeeferdedkselof a resource unit using that unit's code during that
unit's time slot. 15. The systemof claim 13 wherein the user equi pnent
further conprises a tine slot interference neasurenent device for
measuring an interference level of a tine slot and the resource unit

assi gnnent devi%celBenwistgnt ok daipe B} ovhersin ther assigningeresontsgennls fisr use
by the b tion. 16. The temof claim.ad4 wherein the base station
further ORToRHEHY assisine BN Edor dndls oty Entininentdo canpesitive
measuri ngir@sigad erference level of a time slot. 17. The systemof claim 13
wherein the user equi pnent neasures code interference |levels on a periodic
basis. 18. The system of claim 13 wherein the user equi pnment neasures code
interference | evel s when instructed by the base station. 19. The system of
cl ai m 15 wher &3n The $ystam sehclaim rlds ovhareinurthe assigiiomnesourgevimids is

el i m nat es_jnes g%,the sel Ien%iedlgti me slots having a nmeasured interference
exceedi n§ HOPRPA BYAS§18034E MHIEDle FesQUES N QF & USST GREPEIGAT {¢ha SRMsrERence

matrix i @ﬁjt_cat es
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elimnated tine slots. 13a 21. The systemof claim 13 wherein the assigning
resource units is perfornmed 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
mul tiple resource units of a user equipnment to consecutive tinme slots. 23.
The system of claim 13 wherein the assigning resource units is perforned

by assignin |t i r ipment to a sape tine
oot 19n CRREEEEPWRRAIERENRAMENT EoR Ry NAMA RNk ek AR f act
Resource units are assigned within a cell of a wireless tinme division
dupl ex communi cation system using cddestiichi si on mul tiple access. Each

resource units is associated with a tinme slot and a code. For sel ected
ones of the cell's resource units, the code interference |evel is neasured

during t haResource surtifsnares hesigaad withinga dédiabf Wiwirefessotitie ARG HRiplex
interference level is conpared to a threshold to determ ne whether that

uni t has aineeRRbAGH Sysefruding esdsHRGS) hﬁqui]e aBESQUESSK rH%t%Jrﬁe s is

assigned to conmunications out” of the unit’s having acceptable

I nterferenggqbaved withd finelsiot and a code. For selected ones of the cell's resource
units, the code interference level is measured during tha;[ 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 interference level. Resource

units are assigned to communications out of ‘the urits having acceptable

interference levels.

FIG. 1
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