e3e}tz$.6 Tt QX*WD 02/ 05441 PCT/ US01121470 [0001J CODE POWER MEASUREMENT
FOR DYNAM\Q‘OWI)EL ALLOCATI ON [ 0002] This application cl ab‘;ai,@%fd%l%y from

-Provi si onal Application No. 601217,093, filed July 10, 2000.

BACKGROUND [ 0004] The invention rel y to resource allocation in
Wi rel ess spread spectrumtinme divi smﬂmwmn}% nmuni cati on systens using
code division nultiple access. Mire the invention relates to
assigning time slots and codes in such $§%8¥&nrs. [0005] Figure 1 depicts a
Wi rel ess sBr ead spectrumtinme division duplex (TDD) comuni cation system
usi ng cod€0@Mi si on nul t i GOPRPOVER MEAPURFMBNEFROR has a plurality of
base stations 201-207. EapyYNAMIGCCGHANNELACLOOWATIONeS W th user

equi pnent s) 22 TS i r sk i .0
Crane t SO0EICY, £ d s apblication WISER oatbrly SFphl PR ionkh R GROLOTE.
downl i nk GoyEYORiled JuB ), 20MOLNI cations transmitted fromthe UE 221 to
the base station 201 are‘referred to as upl i nk communi cations. In addition
t o communif@@d3]ng over different frRACKGROGIPNE: runs, spread spectrum
TDD/ CDVA sgstems carry multiple comunications over the same spectrum The
nul tiple §0QMHl s ar Fheiinventipn wlatas genarally fo resewree alloeatimtimswirglesogiresi nce
a signal sent using a, particular code i,s distinguishable from other_signals
in the saﬁﬂe%%ttmﬁlvéﬁeﬁ < GoIBpREUCA{IaN SYSIRANS BHREGAe divisionarulinde
within the spectrum For.u in di sti.nguishi si.gnal s..ori gi nati,ng from
di 1 fer ent 288 s MO spegifically, ks iventot3phiaeld ahinie e ot Andides Wode,
Cc*S~,, V. ol § Lt a specific data signal is such a system the data
signal is mx wth its base station's scranbling code, Crscranb and
spread usifp@pslts as¥i qd%ﬁmalwi@aa@ss 84spciiEtime diviBiof deipldXc(TaMDY ¥
use the sr:[)r ead] spectr%%@ TDD/ CDVA systergé use repeating frarresE)ZG di vi (bzled
i nto a nucbmmuwficatiorsystan asipgicodémdivisiommuliplé ddcesn(GIDMVEA k| Dlissystesm has
illustrated in Figure 2. In suchﬁz)ystens, a conmmuni cation is sent in

7

sel ect ed @iplaralityof basa stapigns 202, s dashihage stavos. 2 cosmmupipales with yseane
26 is capable *15 U2/ 05441 .PCT/ USO1/ 2147U of cartyi nul.tiple
communi ¢ AERBREHE (VRS 2t HhILE AP B A el Commuicpiasdronpinitied o
a single i S| i I i r e i a
2 500l SRR b ob! FEOR 0T 25, e SR o IEMSISARGLPUTERE
spr eadi ng ahaebRfminSich®Sh trhfmfniied fPdmahe UBDE, #OHe babe Statio®05 b rférred
considered nore than a single resource unit. To i1l ust rate, using a

spr eadi ngté acuplinloéomnainficaticnsc dd additiom tbicwenmtmitatisg evert differerd foequeacy

units. j0008] A systemusing Ntinme slots, S 1-SN, M channel codes, Code
1- Code M spefirums, spigqd sprojrum EOD/GRM A s ysipanesrrimuitin]a epgynugications over

il d i h [ f. Ei : n box .i he.. '
Fepr esent S per ko heaniltiols Bl wp AR by el ouRiiiEog. =
used) . Thigodf 1 3ndieR sibphPhdle Sl MR B SUAER it hieteid iohRbenEPD

syst em uses tinme chann es and one or requency
Spect r uns i BakeHh ik tdife %geédmt, RabR GOHE Q¥edtes 8URRAAT cOmERITIA diRbhalthe] ONE
or multiple resource units are assigned to that comruni cation. [0009] One
probl em i wwithin khessfsicatmn. i Borageiig distigguishing ignalnotiginatingfeomdéfferenecells,
radio interference. Radio interference has nmultiple causes, such as nearby
radi o fregaehbpss stations2qrz0d;chassan eptignedseraadling anidgn 81 grdpr ah@ tiansedt an
jng a ,comunic n over_a reso t with g high

i ghbori lls. Send i i
ot ot £ or eABRSE B pigpal KA § AYHON 43¢ Gfta Sl Giok LS MErSH Widyibpassgation's
t echni f | i iL.th thi | is to. interf
vl i ek Ak £ e and sBHE s s BYRRIRRR sty 6 tni te o a

communi cayoqsn Ol Y ARSAUIEEGLRIS LT SHEIEBAHAGTITSRRYBRL Systoms

interferernce l'evel s w be assigned’to the congnl catron.

techni que ys@dCRsinkTBaRes 26 Rivided ififo & ndRMer dtitnd 466 24,1241085cH 8 fifteen
elimnate all resotirce units suffering unacceptabl e interference |evels.
Addi ti onaltinye ke srillugtrafed innFigute Lenkesuchvaisemyedomnainicqtiorois semt in
assignnment requires extensive nonitoring using val uabl e system resources.
Accor di ngisglecteddimae eboits24 -24, iséng sedectad cadase Amoi'dmglarppn@éamefwls gspaljai ng
resource units. -2 WO 02105e1 [001 1] [0012] PCTI USO1/21.170
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"SUMVARY Resource units are assigned within a cell of a wreless tine

di vi si on debihsﬁ?nnunicatipn system usi ng code division|ﬁfé+4¥dbfﬂagess.
.Each resource unit is associated with a time slot and a code. For "selected
ones of the cell's resource units, the code interference |evel is neasured
during that unit's tine slot and using that unit's code. The code
interference level is conpared to a threshold to determ ne whether that
unit has an acceptable code interference |level. Resource units are assigned
to communi cations out of the unit's having acceptable interference |evels.

[0013] BRofranpingnuiipcarmmricatieaydistagpished by both timeslat 24¢-24, and codss s
€

spread spegtrum T, system ,[Q015] Figure 2 is.an illustration of tine
slots in ridjfehss 95%%@ ogq tbasi am-eeslgga&aawgb figqueney spechium dHupce

e

fl ow chart i i . ol £.:6 .1

exanpl o of® Besk URMEUTAERIE 00RE R p B30 s NI Klnsidcled HorE i Foifelctolblure

i nterfereqggt IRy flusies ua_rsﬁigempxésdihg%ctbg@? bhe Fo0a66dSir & titnd $16WisCRfebn Of
fast dynam c channel assignnment. [0022] Figure 9 is an illustration of two
t hr eshol dresmecassitgnnent. [0023] Figure 10 is an illustration of multiple
t hreshol d code assignnment. [0024] Figure 11 is a flow chart of nultiple

t hr eshol d [80&] assi ghepstem ysopN|timesiats, S-SR rlrmnelcaesTEpde

EVMBODI MENTS) 02 Figure 4 is a sinplified basge station 20t and UE 22,
used to i ﬁﬂﬂé{lrgﬁ?ﬂu%ll%ﬁ%ﬁuﬁsf’rﬂ}‘ﬁ&;&p é’é"ﬁﬁ\‘ﬂ!ﬂy {18 ‘éﬁqﬁﬁg E5 T aﬁ?’@@é e 5
is a flow rt | ow DCA. , The fl hart, Of Figure .5 will be described
5 conj onoE IR Eafl ominty bRRTn I MaHEZE Bbekeit Tedelistoda TaE A x
92 of Fig . Fi ‘] i st [ Qf i

creat ed aiPfeating febiirrolikiboRds bid? ik MR 26 E1RBFAF STIOibeckiroe
codes, | ‘nitsMA §pitas TOD spdtemhises U8 figve sIG&S 16 bhandel cblies #@d sheoDRAultiple
represents one out of 240 possible resource units. [0027] Initially, the
radi o fr edresuencyspeatruing. s dsedarcthelbandividth requeired tasuppiost a cemmuas catieh,

such as by interference signal, code power (|SCP) or determning inter-cel

i nt er f er e QB orpyuitiplgresanyce wtisRrgessigned foJbat GRMINMIGAIIMNr ed usi ng t he

m danbl es 8§Q§Fceivqg congﬁnicati n bgrsts, al t hough other.lSQE@neasurenent
t echni qued be usedf PO FRCILSISICNLS 15 R58E RQUICE URLLS 10 NG PIEYenCes per
t he base ! S d- o i Jat ;
measur em?})&?%@féﬁgﬁé}glre%[%% géééo élt%%}fl glr% %?S nf"ﬁ{elp%a‘giglsé%’%ﬁ%gn&s%a% eﬁér;ngSO
receives ‘fﬁiqlﬁﬁé¥ E@6ces ﬁﬁ@%&ﬁ.@‘iﬂte?ﬂeﬁéi@b%g sf[%‘@alﬁ eaaimatEinondbBbatigs Balssed
through an isolator 32 to a denodul ator 36 To produce a baseband signal. A
ti me sl ot Sentiang acemmanitationoyaeatesdenceaait3eitipa bighdntesfarbrcdlavelunayiresilinal

to measure the interference |evel, such as by ISCP, within each tine sl ot
241-24n ofn@dess ebsigngladata.0028] For time slot interference neasurements

t aken at Fs 221-22 the LTE s . antenna 60, teceives varjous radio

f requencykgﬁb‘ﬁal s. ']Ili-%’ée pfgﬁl@?‘ggﬁ ryfh gar%lﬂﬁa@ésec?r?hﬁmjglﬁ INEIFULG heoy
switch 62. I oduCa: i O i e
interfereﬁ%@mﬁ%gggﬂgﬁgﬁb%ﬁggﬁg%9§§{pF%%ggggg?ﬁﬁgqgggggg@%Hgﬁgﬁ%F%§g§#ggsure
the interehffiffich@YE OnfHEdbuREe Bitd iRHe é’lbfs'l'ia@ir%%ﬁe;%ﬂaﬁ'& intddferéfide 18¢8s The
time slot nmeasurenents taken at each IJE 221-22n are typically signaled to
the base stillieansidnéd t&&bebﬁﬁtlmﬁxtatiém%Wtﬁiﬁatmﬁgwrmcwtmmbﬁmﬁym th
the uplink data sent to the base station 201 produced by the data generator
78. [ 0029Jof ssignaipdatatioss, 36daes nohelimimate sllardsonrc2ounitsosifiensg amabcapitatle

slot's interference level to ,a threshold, step 82. If only. the base station
201 t ook HnieEteseae Ievelsr Additinallysmennturris e mféﬁéﬁw&ﬁ levrds EnmedidielyRERYs i s

conpar at ofSsE e R iesapKRaGer Bpritpriheitol Faubl Bfiliatiokiy

The base dretraineh hafl SRS 46 b Merhdlife Ppftmch rol RETEDAIRE kO

time slot'ygj@easurenment is used with the base station's given higher

wei ght. If UE neasurenents or UE and base station nmeasurenments differ
significantly, each will use its own neasurenents to determne tine sl ot
availability. Alternately, averaging may still be applied. If atime slot's
interference level is above the threshot2, all the resource units
associated wth that tine slot are elimnated for potential assignnent to
communi cations, step 84. The resource unit assignnent device 58 elimnates
all the elimnated tane slots' resource units in the stored preference
matrix 92. To illustrate using Figure 6, tinme slot 4 has an unacceptabl e
interference level. All of the resource units in the colum under tine sl ot

o o, g, ] .




‘WO 02/ 0y41 PCTIUS01/21.t70 the correlation. The power neasurenent device 98
sums the PRV the correlated chips. If a conplex code i , e sum
is the sum of zfoﬁje“nagni tude of the conplex chips. The resulfqﬂggog&hsﬂs t he
code power 100 for the code of interest. The code power neasurenent is
taken during each tinme slot to be nmeasured. The neasured power nmay be

i ndexed into a short hand val ue, such as "1" to "10" in Figure 6. (0032]
Each non-elimnated resource unit's code interference level is conpared to
a threshold at_conparator 54. 1f only the base station 201 took code

i nterfered®@libasurenents, these ne ¥ are conpared to the

t hr eshol d. btl ]?nly the UE's nepasurenents are used, the conparator 54
conpar es {[QO12, er ageRSTOUreR YBItTRE assighad within 2 icellcofr 2 s¥ineless time division

nmeasuremeni S,fromthe. base station 20 nd UEs 221-22n are,used, a wei ghted
Tvor age | HpLOECOTAIRicHOR sTsRin s the ode AV sionguilaRls bR e A TEs RS i

221" 2on pBarefitt i Binte ot ing REBAc CEEIBR RSP SaffR st ts on

measur enenhs c8ild inftérf&ieAss feveris ‘lﬁéﬁsgﬁrﬁg@g@;‘ Jil?ﬂﬁﬁt'é fide 34t SRR LR hisEach

UE' s neasurenent Is conpared to a or use I n resource assi gnnents
for that Wed22The2ode imefferehceR¥eld? somparddits adhesisldiedenemitidwhethe thati
UE specific. (0033] If a resource unit's code interference |evel is above

t he thr eshit has lan aeceptable opdetinterfasened dewedd Resourbeiunjtsaass gssignedttop
88. The resource, unit assi gnnent device 58 elininates the resource unit in
the pref elCORRBURIatoRs gyt ofithe unitsdhiavingaceeptablednienferenee dexels.esour ce uni't
associated with tinme slot 2 and channel code 1 has an unacceptabl e
interference level aad is marked in the matrix 92 with an "x". The resource

unit assi devi ce ' GWTR@- 92 an indicator
of the co gal? erferen%@ﬁ%@ﬁgdﬁ%ﬁgﬁgﬁ%sourc units, step 90.
As shown i[00L4E prefﬁgﬁf&?iﬁﬁvﬁfo{esg%g daldes peir@nFDBACPDNIAV §sterd! € | ndi cat ed
with a value of "1" to "10" with a " having a high marginally acceptabl e
code interf0BtEhce | iglhresd ik an illuGtratiow of gineensletstin eepdapingoframese
interference level. _g_ wo 02| osaal PCTI US01121470, [ 0034] The base
station' s [PBEGLIr ce JfiEBreadds gnrilustrafion of resoucenwitsdigtingyishedtbie charrel

station's dﬁta.est:lﬁr{ati devi ce 48, channel estimation device 46 and
spr eadi ng Q48 PG SHLARISIGARSREE i nsertion devi ces 421-42n to control which

codes and i sl ot s : L timati on device
46 and dat[gbgzjti nat %gﬁ%egﬁgs%%%g\% ﬁe béa@:‘ll)%gga{s}ﬁg%a “in the time
sl ots and [gOPSPPr i atFgGRIS Es AFIDWISIRL 6Pslb@zed}iﬂ%li8'éh§tﬂ{611h@hi§ﬁh§ém' s burst
and the base station's scranbling code, c*5~,. The assigned tinme slots and

codes are [6819] t o t Héiguieahivedn exstmpietaf@nprdference Matrand data esti mati on
device 48 fromthe resource unit assignnment device 58. The channel
esti mati ofOH&Y) ce 4diguravbin 3 codapOVeRINterigIaNeRyleyehmensreRamb §a¥I®E- i n t he

baseband g to provide, channel inf ion,. such gs inpul se responses.
The chann bggﬁ‘ ornaﬁTj:lgHrq glsu% “b‘i}‘afﬁ‘étofi’gﬁéyw&g‘@% PSIBIICS ¢ o
estimate t ta iRy cel t to the UEs
201- 20n, Jgg%ggs oygégge_tér gsf ﬁ }éﬁlgﬁgﬁgﬁlz?)f t%gqgl%%%&gtcggg%ﬁgggi geq%‘ener ators
441-44n. Toe4pt a | Figasd H0RCCIRsRALSN bF hillGpleRRRMAGRL ¢8Ud SshAfifchON the
communi cati ons’ bandwidth requirenents by the resource unit assignnent
devi ce 58.[0624h spr d%ighftgl Bixh flowi cliangofSealtiple ehrestedd icods adsignarend.21- 42n

m xes the data with the base station's scranbling code, c¢'~5~~,, spreads
the data and nmakes the spread reference data tinme-nultiplexed with a

training s§8u§1nce in the aﬁgoBri ate tine_slots and codes of the assigned
resource UHVE The out put i QQ@%@R}%TWQFJ‘WM sequence insertion

devices are referred to as PRIEFBRREBDEMBORIMENTESEh conmmuni cati on bur st
i s subseqyeo2éy ?W'Fi@hﬁm Bya Wfﬂ&ﬁ%@@tﬂiﬁn@ﬂ{'a‘nﬁ'l% ié@'to irkpEent
anplified comrunication burst 1s sunmed by a sum device 38 with any other
comuni catsiew dadrfast dyremhiechahnellglocatibe r(DeA). c Figurd 1eissal floed chantaf sieat | on
bursts are nodul ated by a nodul ator 34. The nodul ated signal is passed

t hrough alPCéolThedlogZhartaf FagliratSewilbye dgscrihe@meonganction witbwhe preference
alternately, through an antenna array. The radi ated signal is passed
through a wireless radio interface SOto the UEs 22l -22a. WO 02/ 05441
PCT/ USOL/ 21470 [0036] The base station' s3-resource unit assignment device
al so sends the resource unit assignnents to the UBs 221-22n. The
assignnents may be signaled to the UBs 221-22n or nultiplexed with traffic
data. The sent assignnents are used by the UE s resource unit assi gnhment
device 76 to determ ne which resource units are assigned to the UE s

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

e - - ~ o . e - - — e~ o T




[ 0040] One approach for selecting resource units is first available. Using
this technj e assi gnnent device 58 searches through t ce
matri x 92 W@“H} reaches the first avail abl e acceptabl e t?ﬁgﬂ@ﬁ&?ﬁ%}o
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 S and 6
woul d be selected. These slots are the first encountered acceptable slots.
-9 WO 02/ 05441 PCT/ US01/ 21470 j 0041] Anot her approach is least interfered
channel . The assi gnnment device 58 searches through the preference matrix 92
for the resatnx82ofifigwetth Figard 6uean ilhmstmtiontofrea preferencd matfix 92 oreated as
illustrate, if one resource unit was selected, code 5 slot 11 having a

val ue of "avesuitofstowdiGd in gTRB/CAMA Sysicavhavingd6chennelnasesH Sttime slots r e
matrix 92 before selecting, a resource unit, ..t requires nore processin
Lime.  Howedl On fFraNennl diach oty Hesmatit 97 iepferenis,ene out of 2ARMmosFibIe nce
| evel out 8% %’&%ﬁg | abl e resource units, conmunication interference is
reduced. [ 9 I ystens using adaptive power control, it is advantageous
to assign cut i ve,til . p?)\(v%r I, HRRE y
be used. Ing fi rst?%l\illgpy’a Fg;s&ltohﬂé&}@rﬁg aval ﬁg%f%&%%%?g{r’é@eggﬁsecu ng
tine sl ot siswisdsOrddes@sttdsbyafterfepéndesdriil66de pdweISEP) ofBctelMiminy\Bit@-é&ll be
assigned, code 1, SS-S7 would be sel ggct ed. Lgi ngfqleag?-i nterfered channel,
t he consecinténferencebyslinkt gain, stept8e ThealSCP may be neaserednsisg theahsambles
instance, if three were assigned, code 1, S 11-S 13 woul d be sel ected.
[0043] Si nPfrgetiyved commmpigatien brsts: albevghheother FECEmagasurpiaent teghiniquesanavdes

b8 ST o 0 IR B R ik TR, e
uni €5, Codg1ya S b B SRR udhtordnddhinSad oo o MG BN I

assi gni ng r'ésGtrCe units 1s to mnimze . . .

Byr educi ngHeisB 4RI ClnteR30 réivesOfAiousthaid REGEGR Y Sefdls OlThe redvae! | s
is reduced. Using the nmultiple threshold techni que, whén Fesource units
need to besighhloaaé pdssedithrcuighyan isbatey32 eora dendslutdtor B6 e psdoduce @ baskbisd

wi th the maxi mum nunber of codes avail able as determ ned Sr% t he ]
i nt er f er engignaleVietimesdotintesference mhasuremientae vioerd2 predessesitbe bassband signal

al l ocated for a given cunpber of resoyrce jts. [0045]. After. the initial

al | ocat i onte 1PEWP Hie igffrfesengeeysk s kel WIﬂa@ wb@%pefﬂla%@mﬁ

al | ocat ed grodeﬁ2 o communi cations but still have codes available first.
This alloc 115 6i)revents additional time slots frombeing used. After the
previ ousl Y[ooR] WO 83t ArtidioPintbifsidhcd HeRnASAL A takdd ARnS LS 2822 Usied,
new tine sfots are assigned wth the tinme slot having the highest ndhber of
avai | abl e Ultkeantbahag0asssigeedafioustadi¢ Gdéaenéy sighalsl 1The recelvedt signals are
approach for controlling the maxi mum nunber of codes assigned to a tine
sl ot . Genepatist¢ thioughsandigelatethdrswiich bRito a demadulistor &f ta praduse a basebandl By
not using tine slaots, these tinme slots are | eft ailabl e for use by, ot her
cross i nt efigagl dytima slat infesfrronceqpeasirement deige %mcqsws tba@ﬁsq%ﬁﬁa SkanaP is

nmeasured, 124. To determ ne the nupber, of, c that should b ed i nyeach
e st ot | (anggttee el aoher evebnorear by BCP yiin S4idtthia 8l 43724, "rié
interferengg f i L% a6 t | I I and
o o rum ot ERpteBicils (skefiafRAER i 22198, Bt by HeRAlg ding e 01
128. One mythtibpho, ! NieshatH, Sidaiasesentymaybecmttisiexed wafdthe Apfiak dagnn
in Figure 9. If the nmeasuréd interference |evel is bel ow h, nulti pl e codes
110 may besart$o grebadeostation 20 mproshuoed by fthd Hetangeaemater78nt er f erence | evel is
between it and 12, one code 112 may be assigned in these tinme slots. If the
i nterferenf¥29%vel |4 spmparator SGoatctheebase) stafien Y cempares eaphstimenslos ot .

h ltipl h hol h h i f
| ovel s, 1 sintgerencs 15vel tp 3 e Splh SRS L LRS! Bh hasE SPton 20,16k 6315 51ho
d 122 ilable. If t d 1Ol de | j i .abl e.
The. codes TUSHPEAPE Hes Rty sacL Poite S Bipapericndt o ngond o top SR ©
th hol d, 1d " {2, 0 t i I i I t.
e the | Ko e HEs IngBliormettildrt wb8E diBBBLERE el BfHark e 6580y
time slot. -11 WO 02/ 05. 141 CLAIMS What is clained is: PCT/USQOL/ 21470 1.

A nmet hod of assigning resource units within a cell of a w xeless tine
4




di vi si on dupl ex conmuni cati on system each resource unit is associ ated wi th
atine SIQ& 32@ 3 code, the nethod conprising: for selected ones of th
cell's resodM¥&48hits, neasuring a code interference |evel &vafr?glzfﬁat
unit's tine slot using that unit's code and determ ning whether that unit
has an acceptabl e code interference | evel based on a conparison of that
uni . t's nmeasured code interference level with a threshold; and assi gni ng
resource units to communi cations out of the selected ones resource units
havi ng an acceptable code interference level. 2. The nethod of claim1l
further ceaph tisieslotshfseicnte devel 16 he direstivldr 1€ neeasardniortts fidinthé daked
tinme slots; conparing the neasured tine slot interference | evel for each
sel ect ed stations20; and WHsh22s82) dre asddehi w'eigmed]gwor@s of dabh tmeesivésl
tinme slots based on a result of the comparing; wherein the selected ones
resource WRGASHICIRLIHGY U$Q%Wlihﬂlql€9§§t§%1@ﬂt§rﬁﬂ'f ggherweight. AL JE sapagheementsre

ntert er ftd h e B iafion, Measuieriegts AiEcrapantantiyrafh BBl Foeown
T
Haggrzleddfp%v%gwa 18 m%ﬂﬁ%ﬁpﬁ: rﬂfg WG@%%@@A LTII S gg@%%t hod

of clai m 2p¥hed efia e sIH%‘@%?{%i‘féﬂaxﬁe‘lé\@ iSdiveithd BirbS{AGR1 R8BS ouree units

performed using a neasure of Inter-cell interference.
associated with that time slot are eliminated for potential assignment to

y-q

communications, step 84. The resource unit assignment device 58 eliminates all the
eliminated time slots' resource units in the stored preference matrix 92. To illustrate
using Figure 6, time slot 4 has an unacceptable interference level. All of the resource
units in the column under time slot 4 are marked with an "X" indicating that they are
eliminated from potential assignment. Additionally, other time slots are eliminated
because they are reserved for other purposes, such as for a broadcast channel, and are
likewise marked with an "X".

[0030] For each resource unit in time slots having acceptable interference levels,
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 transmitted. A signal 94 representing the received
frequency spectrum is input into the code power measurement device. The input signal
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

-5-



"6. The nmethod of claim2 wherein the neasured tine slot interference |evel
conparing‘gs%ﬁ;gbnes whet her the neasured tine slot interference | eve
excecds t he 8ol d and the eliminated ones of the sel ect BETAUSMZ1 G s
exceed the threshold. 7. The nethod of claim2 further conprising producing
a preference matrix indicating which of the selected ones resource units
are elimnated. 8. The nethod of claim7 wherein the preference matrix
indicates elimnated tine slots. 9. The nethod of claim7 wherein the
assigning resource units is perforned by reading the preference matri x and

assi gni ng thecofrelativmi Thdpoweeseufinement Hevicd 98 sunid We poWet of ke corgélatod
10. The nmethod of claim7 wherein the assigning resource units is

per f or at ecchips.fIDastomplex goide is usedetimsuneisthesuimof the npagnimdernf ¢hereomplexni t h
a lowest interference Level. 11. The nethod of claim7 wherein the

assi gni ng ¢ERbulbe resiltiagisynpisrthecede powerskiQ fermthernodeiofintaresto drheecads t s
of a user equipnent to copsecutive tine slots. 12. The netho f claimy
oherei n t HORAREHWETIEGE B Aken cing PRctumeIaetD by Mresiisds nEne Rasprel
resource upits. of user ul t sanme ti al ®f . wrak3. 02/ Oy41
b & usor P Be AR LA B e R shbfRa 1 gt e BBy oY om
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to a threshold at comparator 54. If only the base station 20, took code interference
measurements, these measurements are compared to the threshold. If only the UE's
measurements are used, the comparator 54 compares the average of these
measurements to the threshold. If measurements from the base station 20, and UEs
22,-22 are used, a weighted average is used. Typically, the base station'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 resource assignments for that UB
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.
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for resource units, producing a preference matri x using the received code’
i nterferenggdp¥flys, and assigning resource units to communpERisOFHiads! N
the preference natrix; and a user equipnment conprising: a code power:
i nterference measurenment 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 assignnent device for outputting code power interference
measurenents for use by the base station and assigning resource units to
comruni cations_using the resource units assi.gned by the base station. 14.
The syst ent08B4L| ai m The hiserstation'sresorrse upitassignmentdevice Forepds signals to thie
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sendi ng the tine (0] I nterference neasurenents or use Yy T he ase

station. 148 ?ﬂ'iaesssﬂaémswafndcéigﬂmﬁmmesms bhi¢ appoprivt@Eodid dssighBE fo the
conprises a tine slot interference neasurenment device for neasuring an

i nt er f er enupinkes@hnoimication'sebetso tind thd basd\§1alidnBsésdmBling \doae) @44.70. Whe The
system of claim13 wherein the user equipnent neasures code interference

| evel s on assigmefldune dlatsiand codes are sent to the channel estimation device 46 and data

estimation device 48 from the resource unit assignment device 58. The channel
estimation device 46 commonly uses the training sequence component in the baseband
signal to provide channel information, such as impulse responses. The channel
information is used by the data estimation device 48 to estimate the data in the received
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, ¢* ..., 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 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,.



'18. The system of claiml3 wherei n the user equi pnment neasures code
I aterferen $ﬁ6’<§{§ when instructed by the base station. 19. The system of
n e

claim 15 er el base station resource ul ut assignnent RELUSR1/21470

el imnates ones of the selected tine slots having a neasured interference
exceeding a threshold. 20. The system of claim 19 wherein the preference
matrix indicates elimnated tine 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 086 13 wihecbaset statias's iresourge rand assignent levicep alsboseit he
assigning nultiple resource units of a user equipnent to consecutive tine
sl ots. 23.respurospmiiassignmentd tothe Uliséd 2122, t Whe assigomienty masbesigealedito the s
per f or med ssigning nmultiple resource units of a user equipnment to a
Same tine GESOL, & mmiegwlmm@ datant The serleass ave wypdeby the
interfere Jevel wth,respect to,a.desired code.potentjally used.in a
code divis FeROUFes nLass ‘?PMRYA%?@ &1%&&%&? Welﬂﬁi‘ Jﬁﬁé“ﬁﬁv@l{s are
measur errergss%e%idctﬁ tﬁQW‘é ab&glinkjaﬁdu Y}Rkoc%laﬂﬁe 1 PCT/ USO01/ 21 470 means for
receiving a stgnal corresponding to R ecerved t adi o frequency spectrum

pot ent hall Q]oogs’?d by FBetieRieiRed @dilinkeduta, dherclafheRdstindttor B8viEE 68! MRH
gnal with the desired code; and
data estimation device 70 processes the received baseband signal in the time slots and
appropriate codes assigned fo the downlink communication burst and the base station's
scrambling code, c* ;. The assigned time slots and codes are sent to the channel
estimation device 68 and data estimation device 70 from the resource unit 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 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, 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 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,.



‘means for neasuring a power |evel of the correlated signal. 25. The code

power neas t . device of claim24 wherein the correlatin ns

conpri ses ghﬁgﬁghgd filter. 26. The code power mneasurenent gg@&%%”ﬂwﬂblaim
24 wherein the correlating neans conprises a despreader. 27. The code power
measur enent device of claim24 wherein the desired code is conplex and the
correlating neans perfornms a conplex multiplication. 28. The code power
measur enent device of claim 24 wherein the correlating neans conprises a
correlator. 29. The code power measurenent device of claim 24 wherein an
out put of [0088power Thy preferame matgxrBused by the resslirce unit axtignmeentelevicesd
power |evel of the correlated signal. 30. The code power neasurenent device
of cl ai m 248 may bedypdated:on 4 per fie basis oo B)0re padodiobasiso VUsing aisgtistiagb es s
system wherei_n .t he negsured power | eve] is nmeasured in time slot of .
"htercst. analysis,fe prolerence niaitk 92 sy be ppdaled fropka pevie of isptesda n
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conmuni cat e trasrhiSiont bigst5et TRESCRABREUEMBALs are sent to the base station 20,. In

another approach, the measurements are taken on a periodic basis. In a different

approach, the base station 201 signals the UE 22,22 to take measurements.
Accordingly, the measurements are taken on-demand. The base station 20, updates the
preference matrix 92 based on these measurements. The updated resource unit
assignments are subsequently sent from the base station 20, to the UEs 22,-22, .
[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
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 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.



receiving a signal corresponding to a xeceived radi o frequency spectrum
potentially used by the desired code; correlating the received signal with
the desired08%88*41and neasuring a power |evel of the correl BEVUS&VYAH = 39
The nethod of claim 38 further conprising determ ning an indicator of the
rnea. sured power level. 40. The nmethod of claim38 fox use in a tine

di vi si on dupl ex/ code division nultiple access system wherein the neasured
power level is nmeasured in a tine slot of interest. 41. A nethod for
determ ni ng a maxi mum nunber of resource units to assign to a tinme slot,

the methoqopqupri si “Ahoﬂﬁ@ﬁp?ﬂd&@hMehﬁiﬁfeif&&l‘é&dn%lﬁ@h@éssiﬁ@éﬂt%vﬁe@g

conparing the neasured interference level to a plurality of tluesholds; and

using a resaichesthronghtthe psdferahce engaixi IV fdrahd eésupteranit e thtiredbvaest codeer
of codes to assign to the tinme slot. -18 WO 02/054al PCT/ US01/21470 42.
The net hodntsrfesengenievel wHer Blustrates ipone aesaurco tnithwes seledted code 6 slot 1dnd a

Chr eshol o, batgne b yeuepE LIERIGHed 1 s fiin aprsachsemiches RBLER dheopniiee
het ween igafi ootk SSEAE 4 L5Tg i RIS G BT AR s
of "ol o il AR R P rolR e PR etloxst FRTEReASE |HRT But Afithe RIS
t hr eshol d;regdurtd anite ASsth@finiditdn iBi@GendeMatdasedel ow the fast threshol d,
no codes are assigned; and if the nmeasured interference | evel exceeds the
|l ast thredO042] a plln systdrys abin@outizptive powerdontrolnitib advaitaganesoassiggned.
consecutive time slots. In such systems, a modified approach may be used. Using first
available, the first available number of consecutive time slots would be assigned. 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, 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-S12
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 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 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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'44. The nethod of claim4l wherein the neasured intex-ference level is
nmeasur ed mg;&gmkﬂierference signal code power (1SCP). 45. The nethod of

claim41 he ISCP is neasured using a received pOV\e'FCUPS(}sz‘QﬂbI es.
46. The nethod of claim4l wherein the neasured interference |evel is
measured using a nmeasure of inter-cell interference. -19 . A A5. A AYne. AR A
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| 10%<& 34
ooes (§)310 A ?g{xﬂ Flotg%?@l é%ﬁ%ﬁﬁ%ﬂ&é%{&&uﬁéﬁesholds I, and I, as

310%-" 10%sBotwh-ilr Fipare®. (If-the hi¥¥Suted ihtetfd@nde) levellie Befow X;, 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, 1,, L,,....I,. If the measured interference level is above I, no codes 122 are
available, If between ], 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 than I, n codes 118 are available for

the time slot.
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What is claimed is:

1. A method of assigning resource units within a cell of a wireless time
division duplex communication system, each resource unit is associated with a time
slot and a code, the method comprising:

for selected ones of the cell's resource units, measuring a code
interference level during that unit's time slot using that unit's code and determining
whether that unit has an acceptable code interference level based on a comparison of
that unit's measured code interference level with a threshold; and

assigning resource units to communications out of the selected ones

resource units having an acceptable code interference level.

2, The method of claim 1 further comprising:

measuring a time slot interference level in selected time slots;

comparing the measured time slot interference level for each selected time slot
to a threshold; and

eliminating ones of the selected 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.
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6. The method of claim 2 wherein the measured time slot interference level
comparing determines whether the measured time slot interference level exceeds the

threshold and the eliminated ones of the selected time slots excéed the threshold.

7. The method of claim 2 further comprising producing a preference matrix

indicating which of the selected ones resource units are eliminated.

8. The method of claim 7 wherein the preference matrix indicates

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. Themethod 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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13. A wireless time division duplex communication system using code
division multiple access comprising:
a base station comprising:

aresource 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

aresource unit assignment device for outputting code powerinterference
measurements for use by the base station and assigning resource units to

communications using the resource units assigned by the base station.

14.  Thesystem of claim 13 wherein the base station further comprises acode
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.  Thesystemof 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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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.  Thesystemof claim 15 wherein the base station resource unitassignment
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 time slot.

24. A code power measurement device for measuring an interference level
with respect to a desired code potentially used in a code division multiple access

communication system, the code power measurement device comprising:
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means for receiving a signal corresponding to a received radio frequency
spectrum potentially used by the desired code;
means for correlating the received signal with the desired code; and

means for measuring a power level of the correlated signal.

25.  Thecodepower measurement device of claim 24 wherein the correlating

means comprises a matched filter.

26.  Thecode power measurement device of claim 24 wherein the correlating

means comprises a despreader.

27. The code power measurement device of claim 24 wherein the desired

code is complex and the correlating means performs a complex multiplication.

28.  Thecode power measurementdevice of claim 24 wherein the correlating

means comprises a correlator.

29.  The code power measurement device of claim 24 wherein an output of
the power level measuring means is an indicator of the measured power level of the

correlated signal.
30. The code power measurement device of claim 24 for use in a time

division duplex/code division multiple access system wherein the measured power

level is measured in a time slot of interest.
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37.  The code power measurement device of claim 31 for use in a time
division duplex/code division multiple access system wherein the measured power

level is measured in a time slot of interest.

38. A method for measuring an interference level with respect to a desired
code potentially used in a code division multiple access communication system, the
method comprising:

receiving a signal corresponding to a received radio frequency spectrum
potentially used by the desired code;

correlating the received signal with the desired code; and

measuring a power level of the correlated signal.

39.  The method of claim 38 further comprising determining an indicator of

the measured power level.

40.  The method of claim 38 for use in a time division duplex/code division
multiple access system wherein the measured power level is measured in a time slot

of interest.

41, A method for determining a maximum number of resource units to assign
to a time slot, the method comprising:

measuring an interference level of the time slot;

comparing the measured interference level to a plurality of thresholds; and

using a result of the threshold comparing to determine the maximum number

of codes to assign to the time slot.
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codes are assigned; if the measured interference level is between the first and second
threshold, one code is 2 maximum number assigned; and if the measured interference
level exceeds a third threshold, a plurality of codes is a maximum number of codes

assigned.

43.  Themethod of claim41 wherein the plurality of thresholds has a first and
alast threshold; if the measured interference level is below the first threshold, no codes
are assigned; and if the measured interference level exceeds the last threshold, a

plurality of codes is a maximum number of codes assigned.

44. The method of claim 41 wherein the measured interference level is

measured using interference signal code power (ISCP).

45. The method of claim 41 wherein the ISCP is measured using a received

power of midambles.

46. The method of claim 41 wherein the measured interference level is

measured using a measure of inter-cell interference.
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