WO 02/ 093757 PCT/ US02/ 15242 [0001] CHANNEL QUALITY MEASUREMENTS FOR
DOMNLI NK RESOURCE ALLOCATI ON [ 0002] BACKGROUND [0003] The present

i nventi orwoekabzs7to wirel ess digital comunication systeqa/@ogispre
particularly, to comunication stations enploying code- division nmultiple

access (CDWA) mepol ogy uti CHANWNEMRRSALEMeMEASHRENERSISto efficiently
det erm ne downli nk resourc O"ﬂb@iﬁﬁ'ﬂm ﬁﬁggﬂRé@Aﬂ%Rﬂ?ﬁel ess
%\he makeu OF raffi

comuni cati on systens, as p comuni cation t c has shifted
fromprimarily voice traffic to an ever- increasing share of data traffic,

such as for intwppet applications, thegagkasROYNDequirenents of such
systens have increased. Thus, the provision of techniques to maxim ze the

capacity of do Lhk ( transm ssions. i i eS| e ] The
propagation | oi@o%gt weg)nhh}ale RIFER H]ivte?éé)(?h raeplaﬁesre}og"teuééef?%g?gsl taggﬁ%?mngc%ﬁgrg or
constant. In adgidh®Bnd, IndlegafeReAHE RS CoinuRicaBas atatiohs bdploydil csliest ance,
variations are caused by obstructions to the path, (or multiple paths),
bet ween t he t r dhasion maltipdeatcess (EDMA ) tgshnedd gy widizinigendasuremgut tedmiquss ween

paths. These varjations are. referred to as fading. Additionally, the
fading vari es W?T}ﬁ"‘etnﬂ%él.etef‘@% O“frﬂlng‘tfﬁ@“ﬁ‘&?rﬁ]r@ﬁf‘t& ‘ion systens, it is
customary {0 tfgyaafm t alin [86Hn bhifbfeds S8hAHed: 8n 3yRfk] £UBmAISEP of OF
several users ng rmul tiple users, who enjoy thg nost favorable

transm ssi on cood@hiunivasionttraffiathas ishifted\Vitorh privesily wyet aaffic iot an sverecessary
to define a channel quality that may be estimated for each user fromtine
to time in ordécreasingsharpitdafatrafiichsushas for infarpet applicatiops,the F3RICKY nonent .
Al t hough sel ection of

he.nost appropr.i.at t h i.ngepoi nt of
Uew 1o ot maSERynt AL anasus palh fieBRREL o T et "Rl Bre
consi dered factRhfiguBs {oRa8fliRahé &dpacity of downlink (DL) transmissions is highly

desirable.

[0005] The propagation loss between a transmitter and a receiver is not
fixed or constant. In addition to the dependence of propagation loss on
distance, variations are caused by obstructions to the path, (or multiple paths),
between the transmitter and receiver as well as the interaction between paths.
These variations are referred to as fading. Additionally, the fading varies with
time.

[0006] In some communication systems, it is customary to transmit at
each time instance to a particular user, or several users among multiple users,
who enjoy the most favorable transmission conditions at that time. With these
systems, it is necessary to define a channel quality that may be estimated for
each user from time to time in order to transmit to each user at the most
appropriate moment. Although selection of the most appropriate moment from
the fading point of view is not mandatory, instantaneous path loss should be

one of the considered factors in the selection.



-1 WD 02/ 093757 PCT/ US02/ 15242 [0007] One neasure of channel quality is
t he i nstantaneous path | oss. Channel quality inproves as the instantaneous
pat h | osswpa2nextsced, and channel quality is best when tReTiUsS2/&8128ANneous
path loss is the smallest. [0008] Another neasure of channel quality is the

interference sggg7py t hend $iasurs iofieRarttict EAlit) i Blefifdt@RiERecue Pathaloksy/
requi res higher transm ssion power. As transm ssion power is limted, it

results in redfdtanoel gialdysmpmves spabe tipstatheeoe| patiudosst ip red@edmapd
therefore be defined as.the ratio gf the receiv ower of fixed-I|evel
base station t& ﬂ%‘%ﬁ?ggglgﬁ ig Best Wi‘e‘? ép%ﬁa@w@pﬁ@pgﬁﬁhe sl‘ﬂ?lgs'i’ atio is

i nversely prop ieonal t I 12354 ase
station for usg?ddggt a. Ngl)g)%i%rzg%?ééfrr]ég C}H??E%Hg?l ﬁogqﬁimﬁ%ﬁf%ﬁ}g’?w

sel ecting the ubemnsenvsame Kighdrsinkirfhare, gdnarallyt fequieésohizhpratdansmssionand/ or

interference is lowest), at any instant _in tine, tends to.increase system
capacity as a edics dvetransmgsion powey isTiiaited it resultnin sgdyaton ohaysten

nmeasured to determ.ne e pat h.. L0..]S

critical. For ec?%%%ﬁy'e,él%h%"el&s‘iu% }llg’f) m&%g t%%%;%géi ?%)?dgr{skl%gt{r?gb% Qarg{eoa%f(;tﬁgor even
data-carrying sbavdld porér bs at fiaddslevdlt Bde AtatdnCRAiBhAoOko thssiveawer . | n
sone systens the reception power is ternmed received signal code power

(RSCP) and t he interferencel This eatieisemeezsqhppropoftipnabiorthel réquired frapsmiseionsi gnal
code power (ISCP). Faqr_ exanmple,.in.the Universal .Mobj.le _.Telec ni cation
Sﬁst ems (UMTS) HO%”«?E] n%‘?)%mggisg"?t’(?H 198 d1sex g@?DDﬁﬁ‘Wﬁ{i%ﬁ &t tﬁﬁerag%n pi | ot
channel (CPi CH). | ]@ﬁ,ssg i : i 'fg}@lﬁ%:? SCP. In
the UMIS tine (floi\}tl%él 0 {?S %%(%5%) ew}g(‘%ggmd Fsgﬁg?ﬁ%’qbaggéﬁéchannelés(kPCCPO—l)
i s nmeasured andntioe ifi&ferenckefsilowestpat al3Gok@ht IRSORY, ItSdR.to Bianease systemel

conditions change rapidly, it is preferable to use a short tine
al | ocation, (i .c@pacityss@iwhale gEentsng. for each transnission. The

measurenent | nf[860r§? tion PréE gar[i%laxt anaefltﬂa??sal‘}lgﬁﬂre@ﬁ Yetermine the path loss

and calculate the ratio is not critical. For example, the signal may be any pilot
signal, beacon or even data-carrying signal that is transmitted at a constant or
known power. In some systems the reception power is termed received signal
code power (RSCP) and the received interference power is termed interference
signal code power (ISCP). For example, in the Universal Mobile
Telecommunication Systems (UMTS) frequency division duplex (FDD)
standard, the common pilot channel (CPiCH) is measured, and the CQ is
defined as CPiCH_RSCP/ISCP. In the UMTS time division duplex (TDD)
standard, the beacon channel (PCCPCH) is measured and the CQ is defined as
PCCPCH_RSCP/ISCP. Since channel conditions change rapidly, it is
preferable to use a short time allocation, (i.e. a small timeslot), for each
transmission. The measurement information used for the allocation must
therefore also be timely.

[00010] In some communication systems it is customary to separate

transmissions to users by time, or to separate one type of user-selective
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therefore also be tinely. [00010] In sone comruni cation systens it is
customary to separate transm ssions to users by tinme, or to separate one
type of uwernzmed7erti ve -2 WO 02/ 093757 PCT/ US02/ 15242 t pemarsoysi2en i n
time fromother types of transm ssions, such as normal voice services and

data services. gH6hiskiofBn HaRAfréh der s RF t@BSMiskiOfs, sOcklhd hemlvoiceays. For
exanple, a repetitive franme may be divided into a plurality of tineslots.

Each timesl ot meyieaehd detaskeiiesst Such timsrsepartiomean besebtaingd imdiffesent | n
addition, several tipeslots, adjacent qr non-adjacent, .maybe allocated to
one or nore usEPs. 4T e&‘ag’(ﬂl?’eac{eip%tlm %Bﬁ‘g BRY %%&V‘H?%@Poﬁ Bluir@tﬁlol?ocat ed
together, it Bf R A §Lbn&RRANG one bPARAscldlrd time.

ti me-separ at edq?ﬁr{easﬁ)g?ﬁ gésc?l(;n,&lk%tq?%sﬁa?lﬁe?y t hat tﬁgei nt erfesreence ln[ilen all of
the timeslots dnaddifiof/xeneral timeslots,cidjaeentar nonFadjacennondy begillotated wiongl e

value for all timeslots often results in a non-optinal_allocation and the
i nformati on i n o§dmase grers.nk arqofigetion of opggr prore Hweslofsis allocatrditagetheds Yesir abl e

to report indi’%%’g?li%ef e%qgragg%{n}%_%hwel each tinmeslot. [00012] SUMVARY OF

THE |1 NVENTI ON [ e prese Invention provides for tinely neasurenent

of CQ and for [gdcanpl i NGt h@mbRERUrABY tramkntiSsibMet i fikelysha thointarference
appropriate. The present invention provides several enbodi nents to neasure
and si gnal the i@l oféhe tinadetsor subchamslsdhanhequal.f Taprepheingofiasingle base

station. Measurepent.s y be perforned at a high rate for .all relevant
timeslots or sd@@h%ﬂn@ﬁ%@fmf anrgs‘ﬂ'ﬁd’él a¢nap-priimag! pllgeatigy, a@ﬂl%&i vely
reducing the r IS ’E?r?e% be 1 e IS iR Q&R desii@0R 4] BRI EF
DESCRI PTI ON G%@M\h\l& é[JgﬂStgiS Tw’ése%%?ect(?{/es of the preesent i nvention
w | | becone appagenindivigwd) necassieten@tfoneachftinidsbtacconpanyi ng det ai | ed
description and figures, in

[00012] SUMMARY OF THE INVENTION

[00013] The present invention provides for timely measurement of CQ
and for signaling the information to the base station as appropriate. The
present invention provides several embodiments to measure and signal the CQ
per timeslot, or sub-channel, from the UE to the base station. Measurements
may be performed at a high rate for all relevant timeslots or sub-channels, or
may be made at a lower rate by selectively feducing the rate by which such

measurements are performed.

[00014] BRIEF DESCRIPTION OF THE DRAWINGS

[00015] The objectives of the present invention will become apparent
upon consideration of the accompanying detailed description and figures, in
which:

[00016] Figure 1 is a simplified block diagram of the UMTS architecture.
[(00017] Figure 2 is a simplified block diagram illustrating a UE and a



whi ch: [00016] Figure 1 is a sinplified block diagram of the UMIS
architecture. [00017] Figure 2 is a sinplified block diagramillustrating
a UE and WO 028938 02/ 093757 PCT/ US02/ 15242 base stati on fPoer/usapi®eaenti ng
channel quality nmeasurenments for downlink resource allocation of the
present inventiyge staBOR¥81 irfplemesting thandel ity ndasahehtsofoe domeliakr ed

met hod for perform ng channel quality neasurenments at the UE for downlink
resource al | ogesouete afocatien @ the presentripeantioon and reporting those

measurenents t basg. statjon. [00019] DETAI LED CRI, PTI THE
PREFERRED ENBG%?%E%TS [og’(&%ﬁ Pr‘segeh?Wya’ﬂ‘]E@nér e§1e M8 Fﬁ‘én‘?gtggflg%’éescri bed
bel ow wi th refRiBRAG Gahh8 QAW MBadur@HERS atMHBNEE Tot Us@niMOREBle
represent like elenents throughout. [00021] Referring to Figure 1, the
UMTS net wor k aratlocataat eff the ipresenidiasergtioncanderepetting rthogeGNgasusenrStoTder est ri al
Radi o Access Network (UTRAN), and a User Equipnent (UE). The two general

i nterfaces are Dap@stpiiOl-nt erface, between the UTRAN and the core network,
as well as the radio interface Uu, between the UTRAN and the UE. The UTRAN
consists of several Radio Network Subsystens (RNS) which can be

i nterconnect ed [poo1gan | ur i nt eDEFAELEDTHESCRIVEION @FeCti on al | ows core

net wor k i ndependent procedurgsg PREMRRED EMBODIMENPS. Therefore, radio

access technol ogy-specific functions can be kept outside of the core

network. The RNS js.further djvided into.the di o .Networ, ntraller
(RNC) and severl?iqdzélase st HtFHHsP @*99%65% edﬁcrmwggébe?g nected to
the RNC by an lreﬂ%rérfeé%tfh%fa%awii;?ﬁgmg%vlﬁr&@nk%mmsramep@gem e EleRlefitscel | s,
and typically serves a plurality of UEs. The UTRAN supports

throughout.

[00021] Referring to Figure 1, the UMTS network architecture includes a
core network (CN), a UMTS Terrestrial Radio Access Network (UTRAN), and
a User Equipment (UE). The two general interfaces are the Iu interface,
between the UTRAN and the core network, as well as the radio interface U,
between the UTRAN and the UE. The UTRAN consists of several Radio
Network Subsystems (RNS) which can be interconnected by an Iur interface.
This interconnection allows core network independent procedures between
different RNSs. Therefore, radio access technology-specific functions can be
kept outside of the core network. The RNS is further divided into the Radio
Network Controller (RNC) and several base stations (Node Bs). The Node Bs
are connected to the RNC by an Iub interface. One Node B can serve one or
multiple cells, and typically serves a plurality of UEs. The UTRAN supports
both FDD mode and TDD mode on the radio interface. For both modes, the
same network architecture and the same protocols are used.

[00022] Referring to the block diagram in Figure 2, a preferred
communication system 10 for performing the process of obtaining CQ

measurements for downlink resource allocation in accordance with the
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bot h FDD node and TDD node on the radio interface. For both nobdes, the
sane network architecture and the sanme protocols are used. [00022]
Ref er ri ngwo®wopsgsbl ock diagramin Figure 2, a preferred @omrasnd/casl on
system 10 for performng the process of obtaining CQ measurements for
downl i nk resoungiRciplidststahé preséit iRCeRioH aNRHOWA.t Thé BemmubichdVyLHB 167
PCT/ US02/ 15242 principles of the present invention is shown. The
comuni cat i on syEIpeinesid U blrprd sdesasteion/podmB X, feaseinsften iefreddaéss 30,
(hereinafter ref erred t ase station 30 ch,are d _toget her
via a wirel ess Pﬁ%?tﬁthlh?@r‘?'lgﬁﬁ aT4°°uP e&dﬁ%ﬁ r)lYEa ¥ lfeﬁ%sf ﬁﬁgg Iﬁﬁref Cﬁt%na 16,
an i solator of rgpbeh 18yEal TRUGKEa Idhichy 28, of EhEICHCOWRIANBCh Code
generator 21, a power measurement device 22, a tinesl ot i nterference
measur enent dewmateheddilten 2QQ fefaaswichamre] @gle gandamr 21 ageiver mepaaur¢roentdevi ce
28. The antenna 16 is coupled thyough the isolat or/aw é@d’ 18 to gge

an

mat ched filter depicedRi apmedeidntigalerqnge MeatuieaN devighd Sy
output to the r 2 d
gengr at or ggﬁgﬁa?gg&z&nﬁﬁ%{r%ncg’wgc@nnﬁ g@%reﬂ,iaev\ﬁi C sle(gpp Ied g?oet he

mat ched fi I ter igflatoVERitElOVEeo tHe astohedailter 205 wihich rzaeiamhyae@nnﬂﬂes@mput of
the matched filter 20 to determ ne the power |evel of the downlink signal

and out puts thlasd;mmedes @vemtpubtwthepwﬁ@@@s{umm@tnd@ﬁwaél@r c@eZSfCFTWGOM] The

out put of isola or/ ch 18 further ¢ Iedtothetl

i nterference nEd&yt EGEA t?félzgfn Rﬂ%ﬁ@ﬁé}uﬁéﬁﬁﬁh&nﬁlﬁgdedgm(ﬁllﬁﬁppélr?gnnel and
provi des an Oytt@ﬁ%rﬁﬁcﬁ’edsﬁ%?'?@ ﬂ%ﬁwé?ﬁnéaﬁ\?re%%bﬂ:@@@ﬁil 28. The
CQ determi nation device 28 anal yzes the power |evel outpu romt e power

measur enent dewifciee 2idtchad filtee20 id detbrmian thee pevel le¥el onthhdownlmdssignal

interference rreasur enment device 24 and I‘OVI des a SQ ? urenment to the
transmitter 26.2ndpHEpuly hispawsrdeved e the Gﬁ'iegﬁm%‘”ﬂ gVighitenna 16 t hrough

the 1solatorfsypjipl 18 IR oltpLeSSRablsb AEN T RHIRPEDILS tRARfestiat | ON 30

through wirele
mterference measurement device 24, which measures the downlink channel and

provides an output to a second input of the CQ determination device 28. The
CQ determination device 28 analyzes the power level output from the power
measurement device 22 and the interference level from the timeslot interference
measurement device 24 and provides a CQ measurement to the transmitter 26.
The transmitter 26 is coupled to the antenna 16 thro_ugh the isolator/switch 18
for wireless RF transmission to the base station 30 through wireless radio
interface 14.

[00025] Base station 30 comprises a reference channel transmitter 36, an
isolator or switch 34, an antenna 32, a CQ receiver 38 and a CQ storage device
40. The antenna 32 receives the wireless RF transmission from the UE,
including the CQ measurement through the wireless radio interface 14, and
couples via the isolator/switch 34 to the received signal to the channel quality
receiver 38. The received CQ measurement is then stored at the CQ storage

device 40. The reference channel transmitter 36 provides a reference signal,
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interface 14. [00025] Base station 30 conprises a reference channel
transmtter 36, an isolator or swtch 34, an antenna 32, a CQ receiver 38
and a CQwoDmragystevi ce 40. The antenna 32 receives the RCTAISeT$52RF-
transm ssion fromthe UE, including the CQ neasurenent through the

wirel ess radi o wiitRid faRmided AnHe d6WHiMle® VEA 2tthRugh thedsolatariswich 384 to the
received signal to the channel quality receiver 38. The received CQ

neasur ement i s anddhe antennaB2at Theyeferencsidomvadiak sigmgl framgbe trapnifter 3 Snce
channel transm tter . 36 provi,des a referenc -goal -5 WD 02/ 093757
PCT/ US02/ 15242 “t\[hﬁF‘éﬁy e @ﬁéﬁg%"{i“fe"dﬁ“? qopREnR S MeRRreBetiE 12 ¢ hr ough the

i sol ator/swi tchogfhe) and fth@odldl B REted dhat thE fHRESIMSNSGRfEHRANhEmbd SodRal from
the transmitter 36 is utilized by the UE 12 t0 create the downlink CQ

measur enent . [ GRe@dhndetwitlnthelpesert ine¢rgidntshawn imEighor yey hgperfeimmdbyd met hod

50 in accordance with the present invention shown [n Figure 3 be
perforned by ccemmweaétqnémstg%%ﬁgth&?ﬁ@rww OWRAN t{gyEes aj X‘I‘?i gures 1

and 2, and the L NV | ' LOt:ended to b limted. [00027
Rt erri g to FTeaP BV RAb) Blferidba Robe bIHARERE 0 08 B0 W T grtal )

comuni cation gyed2gm 10 Refeertid @i Figdrevd, tie mefhetd S0aRay e imygeimersted bpad 2,
conprising a UE 12 which is in comunication with a base station 30.
[00028] A fast digitalicopnumicatian sysen 19iasexplained withaplfessnsa tefigutesdmad

b1 ovi de.t he beck CEPSPEATLE POTERE hear R et il o R dhee he

base station 3gogsil ! hayerat lquafityt BRinkdié PelBih&MotN6Ld8ELchfeN a9 et he
nodul ati on and =~ codi ng, select thé best user or users and to allocate to

t hem t he best tprefesiedteshnique fart$>Q@ hwasigbmentAinpioyeaglbytthepresad ervenfientent i on i s
applicable to both the UMIS _frequepcy division plexing (FDD) and time

di vi si on dupl eprevigpyhe l&%ﬂﬁ&?@é‘“%ﬁﬂ‘é’%@?‘%ﬁgﬁ ah\!PF?t“’g'esg%“(?tt?“F E?ﬁeh
herein. In the slt:e{aans}b%ﬂq{a% alfl 8f the information needed to choose the modulation and

coding, select the best user or users and to allocate to them the best timeslots or

sub-channels. Although the present invention is applicable to both the UMTS
frequency division duplexing (FDD) and time division duplex (TDD)
standards, only one example will be set forth herein. In the FDD standard, for
example, the common pilot channel (CPICH) may be measured and divided by
a per-timeslot or sub-channel interference signal code power (ISCP)
measurement, which is performed in all relevant timeslots. In the TDD
standard the physical common pilot channel (PCCPCH) is an example of a
channel that may be measured.

[00029] The base station 30 transmits a fixed-level transmission (step 52),
such as a pilot beacon or a data-carrying signal, over the PCCPCH, hereafter
referred to as the reference channel. It should be understood that the reference
channel may be any type of fixed-level, (or known), base station transmission,
whether or not it is a control channel or a data channel. It is only necessary that

the reference channel power be known by the UE 12 at the time of
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exanpl e, the comon pilot channel (CPICH) may be neasured and divided by a
per-timesl ot or sub-channel interference signal code power (1 SCP)

measur enew0,02i#d76h i s perforned in all relevant timesl otsPCrrusohes2#DD
standard the physical comon pilot channel (PCCPCH) is an exanple of a

channel that mayedgrefRAsUTIRAVENIQGH:3lred R cRRE QighhPddde @;o&@r (RS(DB)’('steP a

fi xed-1evel transm ssion (step 52), such as a S)I | ot beacon or

dat a- carryi ng $i4ynghe UE\/lértheI‘rmem&%@# IS@@wpﬁé Th@R@CP@dd@@thﬁéSfjﬁe
reference channel . 1t sho | d he under.s od that the ref eretgqI Hannel may
be any type of “F"?X(%“P‘E’\‘}éq  CopHpuQYS q;gggry ang il YIpe§lRi L OPBHESS whet her

or not it is a &hane ksl bRlo q)ata channel. It is only necessary that
t he reference c tlodasovver%%es nown by the UE 12 at the time of -6 WD

02/ 093757 PCT/ l[JGIEIBb]L5242Thﬁeasner enmuthber The differkbt ratematiess rkeatecaredesi gnal
code power (RSCP) (step 54). The UE 12 then nmeasures the |ISCP (step 56).
The RSCP and/ orimplgmenggdfor sigps %%J@é@rﬂéﬁf’mﬁﬂbﬁéh?UE(llz raeasyiss they e y

frame and tine ) W,
(000307 Ther o aPEP il aRREch i et el Ahueg e Rbuisha ko gRE AN

i mpl enent ed f ord&itARa o%@e@ﬂhda%éoonhraltafnﬁwé&heaﬂJEqartﬁéaisu@s thdISCPRantirmeasur es
the |1SCP and/or the RSCP in specifically-identified tinmeslots and in a

speci fical |l y- |thleRSCP|m:dlloftilertunels}Otaln@eII@dﬂﬂermm@Wécﬂ ore randan oEet Anneasur es
t he | SCP and/ or e RSCP.in f .the tine red ned or der
or a random or c'l‘eFhlr pltergatiyg, rtﬁ‘“‘ i-pférzn‘ﬂf"i‘s\%es @‘ﬁ&tsg‘lg ﬂ%@é‘%ﬁ‘?g He 2 scp
and/or the RSCPaJ'l(E)n‘"ﬂ HBRGOM YumlEnbi ilhﬁglowwgrraﬁaorﬁ'&ﬁﬁj Of$ al fyufth! andom
order. In a fourt glternatlve the UE 12 rotates the neasurenent of the

timeslots. For abtearpilve,the UBOR miaiésthe Riseiiremetiofielsd timesldts4 Fof extangplé,i r st

frame are neasured, then_ tineslots 5-8 of the sug equent frane are
measured and tilRES] FidorREEPoM timeslots lod cfubadinst bame ase aneagyrefatielg thi s

I nherent flexi t%{rrllelsicxs 5t8hof e ho eqéf%t dme are measured and timeslots 9-12 of the

subsequent frame, etc. By having this inherent flexibility, the method 50 in
accordance with the present invention may be adapted to the particular needs of
the system operator and the specific application.

[00031] As discussed above, it is not necessary to have both path loss and
interference measured using the same timing scheme at the same rate. Thus,
ISCP may be measured much less frequently than RSCP. For example, ISCP
may be measured in accordance with the fourth alternative of Table 1 and
RSCP may be measured in accordance with the second alternative of Table 1.
[00032] Table 1 summarizes the different embodiments for UE
measurement. However, it should be noted that any combination of
predetermined or dynamic selection of timeslots and/or timeslot order may be

used without departing from the spirit and scope of the present invention.

ALTERNA | UE MEASUREMENT
TIVE




accordance wth the present invention nmaybe adapted to the particul ar needs
of the system operator and the specific application. [00031] As discussed
above, itwpD2M075necessary to have both path | oss and i nPerfusprn¢2

measured using the sanme timng schene at the sane rate. Thus, |1SCP nay be
nmeasured much I[ggge frequentTy fRasurReecifRItiBeMPhAd id D§RciffRordee negsur ed
I n accordance Wwth the fourth alternative of Table 1 and RSCP nay be
nmeasured in ac¢ordance with tthe second alternative of Table 1. [00032]
Table 1 summarilzes the different enbodi ments for UE measurenment. Howgver,
it should be noted that any g¢onbi nation of predeterm ned or dynamc

sel ection of ti Rf S and/ off Ni¢XRR iRl BhfSlotd TR ¥PFedett Rl dr ReMdbndRB& |t | Ng

KBS
fromthe spirif{~ang scope of | AY [ BEVENT
TIVE -7 W 02/ 083987 per) usopPiasgy hddmlyidedtiftd difesiof thdn Sty

and in a specific—order Secq I x m ned
or random or dei Fourhy d Measud Ratafe measwgment igdifferenteimesiofss) ot s and id a
random order Fourth Rotate neasurefABLE h different tineslots TABLE 1

[ 00033] Returning to Figure 3, regardless of the fineslots or tineslot
order that was [9®3él:t ed ﬁﬁ@nﬁﬁééﬁ dgpire 3, Legapdless of thetupe %tsd’éttﬁ?‘%f%es t he
downl i nk CO 17 YPubfafRaSWIEHENLS hRtsGRea e TAPYS (2P SRR Adimfiikd @l D
base station 30. The measur enent may conprise tranSmtting ISCP (from
step 56) and RIGR]inkaD® Ftomp tHedheasnebinvintiitakéry and repossidbwniigk e td (BeP/ RSCP
ratio cal culated by the UE 12, or nmay conprise one of many ot her :
al ternatives abesiatgn 30.pEheQmagasergment may eqraprissdraasmitipg B GR{fram,

step 56) and RSCP (from step 54) individually, transmitting the ISCP/RSCP

ratio calculated by the UE 12, or may comprise one of many other alternatives
which will be explained in further detail hereinafter.

[00034] The downlink CQ measurement report generated and transmitted
by the UE 12 at step 58 is received by the base station 30 at step 60, and is
analyzed at step 62 to determine the activity necessary for subsequent
transmissions to the UE 12, taking into account the downlink CQ
measurements.

[00035] The manner in which the UE 12 collects the measurements and
transmits the measurement data is typically a trade-off between the amount of
data provided, and the overhead necessary to transmit the measurement data
back to the base station 30. For example, measurement and transmission of all
data for both ISCP and RSCP for every selected timeslot provides the most
information. However, the drawback is the large amount of data required to be
transmitted and the overhead required to transmit it.

[00036] The goal of the present invention is to return timely and accurate
CQ information and to determine the proper modulation and coding to use for

the downlink channels. As such, there are many different alternatives that the
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[ 00034] The downlink CQ neasurenent

report generated and transmtted by

the UE 12 at step 58 is received by the base station 30 at step 60, and is
anal yzed w0 020839562 to determ ne the activity necessary f®CcTAsbyequent

transm ssions t
nmeasur enments.

measur enent s and

o the UE 12,

taking into account the downlink CQ

(PR3 2hn d&tao TRABGE ahd trafdrEid tHid @ féfmatidn ¢OtHedabSsthtien 30.
transmts the neasurenent data is typicall

bet ween t he anmdliabie Dshowsdhediffeant disernatived fortfransinitiing B$ GReandd

a trade- of

$GPyo the

f

transmt the asurenené data back to the base station 30. For exanpl e,
measur ement and?% SR <%i on of all data for both | SCP and RSCP for every
selected tineslot provides the nost information. However, the drawback is
the large amount of data required to be transmitted and the overhead
required to tr aAUTERNATIVOOBEGE TRANSMITTED{INFQRMATIONvention i s td
reBU{n ;inelydaqd accurate OREcbanhgasCeIopéttry Amdsloer M ne the proper

nodul ati on an dimg to use T R ; are
many different |[alternatives t thc%)r?g&ge B%g%ﬁ E;@g&%@%ﬁ%gﬁ%@fo& 12
can use to neasure and transmt this information to the base station 30.
Table 2 shows the different al RECRABCPES!I Qr dveRspatifiet figndSEP and | SCP|to
the base statign 30." ALTERNATK Vi, il RGOS P Eitid 1 OF Ghédbied tifebibt ang

| SCP for every tnmestot—2—RSG Sufm'e g _f1a a5 {1? gl\()fry speci fijed
timeslot 3 RSER-SCP rati-ofoPOnsfiPOo . SIOLy HOr € enyisgé—lcsl I8¢ LI e oded®

RSCP/ 1 SCP rat i (
every specifi e

h0f or every spe
] tinmeslot 6 An

- An indicatiorof gne of ths, pyatlabla,sats af Jeyels 9fothe
naduletien eeding setMG3) foneadhtimesiol] e sets or

| evel s of the

ffodul ati on cod

AgosinddMoging affalEtabslotsnes| ot

8

A mean of the CQ for all timeslots (i.e., 4-5 bits) and the
difference from the mean (i.e., 1 or 2 bits) for each timeslot

9

The actual measured value of one predetermined or identified
timeslot or sub-channel as a reference, and then transmit the
difference of the remaining timeslots from the reference

timeslot.

[00037] The nin

most number of bits

TABLE 2
e alternatives are generally in the order from requiring the

to requiring the least number of bits to transmit the

downlink CQ information from the UE 12 to the base station 30. It should be

understood that this i

st is not an all-inclusive and the present invention should

not be limited to the specific enumerated alternatives shown in Table 1.

[00038]

In alternative 1, the UE 12 transmits RSCP and ISCP for every

timeslot to the base station 30.

[00039]

In alternative 2, the UE 12 transmits RSCP once per frame and

transmits ISCP for every specified timeslot to the base station 30.

[00040]

In alternative 3, the UE 12 transmits an RSCP/ISCP ratio for

every specified timeslot to the base station 30.

[00041]

In alternative 4, the UE 12 codes and transmits the RSCP/ISCP

ratio for every specified timeslot to the base station 30. Coding of the ratio

-9-



7 A conbined coding of all tinmeslots 8 A nean of the CQ for all tineslots
(i.e., 4-5 bits) and the difference fromthe nean (i.e., 1 or 2 bits) for
each ti mne@boR/09®5The actual neasured val ue of one predet ePrirnesd2/ o242
identified tinmeslot or sub-channel as a reference, and then transmt the

difference of trbgudes fRd iinitgr bf BRStequited totmarishet thefigfosmaton.t i mesl ot. TABLE 2
[ 00037] The nine alternatives are %eneral IX I n the order frortn requiring the

nost nunber of [80043]to rbywlfernatiyethdhe d8512 ianpaits die ppmber ot ¢ it the

downl i nk CQ i nformati on, f.homt 12, to the ha ' hould b
under st ood 't hatenftoﬁﬁ’éje%‘:%efi blyghﬁng f% tgl% e—ﬁarfglsf%lio\r}?%aﬁéaoﬁ %?’gnn%oﬁ(e%ggk% ar?'n\?gnt i oﬁ
should not be JdiMkddieh bPtHoBEoPAGR A the ARNUATRIiAdRE I dddAllinkesQshown in

Table 1. [00038] In alternative 1, the UE 12 transmts RSCP and | SCP for
every tinesl ot[080431 he bhseltghativeo, B@. UEODSEEcts thahvaitable mpdulationhe UE 12

transmts RSCP once per_f and nspts | SCP for eve speci fied
timeslot to theé° H’@é%ﬂ%éﬁ?%ﬁ‘ﬁ%%éﬁ@}ﬂ@dﬁ@%ﬁ% a?,‘li %F‘Pﬁgmfﬁé{“fz
transmts an R . ' g A ' I : ase
station 30. [Ogg%/ﬂléfﬁ) g]lgtblél?en%t?tlrl (\)/ne%ﬁ,?c'hmég%%l Sf{AZtﬁ{élloj e{sﬂi‘%gg} ?%I%gggrrgﬁ?rg t he
RSCP/ | SCP r at iThet®areewpically pepiclefitkd humbérodf MCShevdilbie &t atliBNfo30.

Coding of the ratio -9 WD 02/093757 PCT/ USQ2/ 15242 reduces the nunber of
bits required tesampleneight (Drrach ety ndrscothe PBarsatorms theyRSGH ard JRCE the UE

12 transmts the nunber soft ol . .aenkpers, tected t. to the
base station SGpeaéglfefneg%ﬁ8?10121?‘{‘%%?@&5&@&8\5/\&0}1 r?os\%gup %rtya%ﬁ%g%hgg‘“é%t| | in
the art as an i@@j cation of downlink CQ [00043] In alternative 6, the UE

12 selects the avail abl e nodul ati on
[00044] In alternative 7, the UE 12 combines coding of CQ information

for all timeslots. Separately coding the common and differential quality of all
timeslots or sub-channels results in a saving of transmitted bits.

[00045] In alternative 8, the UE 12 measures and transmits the mean of
the CQs for all timeslots, which is coded using a larger number of bits, and
then transmits the difference of each remaining timeslot to the mean value
using coded values having a smaller number of bits. As one example, four (4)
or five (5) bits may be used to identify the mean value of the timeslots, while
the difference of each timeslot or sub-channel to the mean value requires only
one (1) or two (2) bits. |

[00046] In alternative 9, one of the timeslots or sub-channels is designated
as a reference point. The CQ measurement for this timeslot is transmitted, and
then for the remaining timeslots it is only necessary to transmit the differential
information as referred to the reference point. In a manner similar to the
alternative 8, the reference timeslot may be four (4) or five (5) bits and the
difference from the reference for the remaining timeslots may be one (1) or two

(2) bits.
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coding sets (MCS) fromthe RSCP and | SCP neasurenents, and transmts this
selection to the base station which the base station 30 uses for

transm sswon2/093Tfere are typically a predefined nunber of PMCSsozvRiUl able to
a UE, for exanple eight (8) such sets. Once the UE perforns the RSCP and

| SCP measur emgogeay] it CHI &ubﬂbeédu@e'?awei\@qﬁirmeﬁt@lamenupmrcbﬁipnmgi ve the
current CQ [ 0044} In alternative 7, the UE 12 conbi nes codi ng of

i nformation f of the implémentatisngiecsear fertre¢agurengniandiprecesingritis deferable

di f f tial lity of .all timeslot bs channel lts | '
of transm tted BUGIILE B AYler of regrigpry/s 28 et bbipeseiit S g

transmts the @y&&neﬁn whit® QP B mabt pelforithQsdremihtsCl all HinfRFRAdME NG &

| arger nunber of bits, and then transmts the difference of €ach renaining
timesl ot to theanfoeantioalrequestssirom thedeate vsadtions 30attiingana ispekd ar heayyber of
bits. As one exanple, four (4) or five (5) bits e used to identify
the mean val ue Tegasureaent hrdpn pa the il 12 1f‘§’ﬁ@umeT%gtg‘%€§°téPré‘gbﬁhWﬁlésl ot or
sub-channel to 3 i ) LS.
00040] 1 al ¢ &gt AR sliids WRBL hERARncodiEs hdbpRfpd et

desi gnated as tRatftid f2d e Qinidslot TtAsUEEINEERE suybeestatel o suchiasvdyithaal ot i s
transmtted, and then for the remaining tineslots it is only necessary to
transmt the dirgdeat anerferencd measureméndns avrileblechor seme dinastoty @%elr«ak@é poi nt .
In a manner sirritlar Lo the g(I)t rnajﬂitve 8, the reference tineslot my be
four (4) or fi JBIOPBRLe jsdIsed foraMersifty ¢ or ence from the reference for the
renmi ning ti rrestb?m ey bey 00 ficfrb) the hufnter of Ahedhits SneasukOd, WonA:083457

PCT/ US02/ 15242 00047] Ih order to reduce power requirenments as well as

t he conpl exi ty beghbdtieiallypédredt birgenumbem 9§ imeslbtrto re awaswadresulésnid
processing, it is desirable to mni mdzﬁ he nLinb_er gf rre?sure nts. and the
amount of pr océ’éeélluﬁ’é)t. megasurement reports and high complexity. smaller number o

timeslot measurements result in lower complexity but less frequent

measurement reports, which leads to some degradation in performance. A
compromise can be adopted according to the needs and/or preferences of the
particular application.

[00049] Although the invention has been described in part by making
detailed reference to the preferred embodiment, such detail is intended to be
instructive rather than restrictive. It will be appreciated by those skilled in the
art that many variations may be made in the structure and mode of operation
without departing from the spirit and scope of the invention as disclosed in the

teachings herein.
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systens in which the UE 12 nust perform neasurenents at all tines pending
informati on requests fromthe base station 30, this can inpose a heavy
measur enewo oRwsxien on the UE 12 if the nunber of tinmesl ot #Corussuis2ehannel s
are large. In situations where the interference does not change at the sane
rate that the fading does, tineslot ngasmenents nmay be rotated in such a
way that a recent interference neasurenent is available for sone tineslots
whi |l e ol der i rWbatmatlaoned s: used for other slots. [00048] By reducing the

nunmber of tineslots_ measured | exi, t an _be su ntially reduced.
Lar ge numbers of tiﬁesloggnﬁgoégggﬂﬁgﬁWéﬁﬁ?ﬂgﬁﬂ?@ﬁya§bﬁV§ﬁﬂEﬁ¥mﬁﬁ Sur ement
reports and hi | X bWl bcBd baWRBE Gt Rbst dnkTRE! QuipRaRyUByENt S
result in Iom%hggﬁp{qﬁeﬁ?géwghﬁ(ﬁggs c§£r equent ne%surenen%urllggort{s, whi ch

| eads to sone dadarddsd staionin apdrelass digiteleominumicationosyistemn aaploping addgpt ed
according to the needs and/or preferences of the  particular application.
[00049] Al t houghvisiee mulipk asEshfsDMevnteshnodogyy saidi methad ccomprisilg

detailed reference Eo the preferred enbodi nent, such detail is intended to

be instructive Father than restrictive. It will be appreci ated by those

skilled in the art fhatsJi@pyse\tdtionltaBmitiRY aREnaP@aht UR hs usé byeiidr e and
node of operation wthout departing fromthe spirit and scope of the

i nvention as dil$E topadorima tieesurerseihi ngs herein. -11 WO 02/ 093757
PO S0l 1522 LNNS. Wl B A e TR B RAGTS..
i gital commumiat] QRoue) SFGRIBREIS iehibe ofie HelAc Roll Sl st Bliotcs °°°
(CDVR) t echnol agiysmitteddit step liax] conpri sing the
(c) said UE, performing a second measurement of interference signal
code power (ISCP) responsive to receipt of the signal from said base station
transmitted at step (a); and
(d) said UE, transmitting a CQ signal comprising RSCP and ISCP

values to said base station in a specific format; whereby said first and second

measurements and said format are preselected.

2. The method of claim 1 wherein said first measurement further

comprises continuously measuring RSCP.

3. The method of claim 1 further comprising using said first and
second measurements to generate a ratio of RSCP/ISCP, whereby said format

comprises said ratio.

4. The method of claim 1 wherein said transmitting further

comprises transmitting both RSCP and ISCP measurements to the base station.
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steps of: (a) said base station transmtting a signal to the UE for use by
said UE to performa neasurenent; (b) said UE performng a first
measur enewo 0009376 ei ved signal code power (RSCP) responsipeag/uso2/teri pt of
the signal fromsaid base station transmtted at step (a); (c) said UE,

perform ng a secondsmeasyhenmetho®f of Blaghi ewhaemh Shidnsécondodranowaent( | SCP)
responsive to receipt of the signal fromsaid base station transmtted at

step (a); and (cdinpsipsidedetingrsafisimbel egora: CQ si gnal conpri sing RSCP and
| SCP values to said base station in a specific format; whereby said first
and second neasurenents and said format are presel ect ed 2. The net hod of

claim1 wherein saig fi r?‘BefHéﬁr%Wo?Bﬁﬁﬁ1We¥éﬁ?£a1dﬁﬁﬁiﬁf1h§lﬁ8e§s@[&ﬁr@%ﬁ3| y
measuring RSCP. 3. The nethod of claim1 further conprising using said

first and secoeachmizasasusmnitsioreagetimedote a rati o of RSCP/ | SCP, wher eby
said format conprises said ratio. 4. The nmethod of claim1l wherein said
transmtting further conprises transmtting both RSCP and | SCP

neasurenents to the baseTﬁéﬁ}e %Qlofc’l l\/ﬂrﬁl%fggxﬁ 0 1pddor 5 The

met hod of claim1l wher ein sal second measur erren@égmg%rl se\gé detecting soft

synbol errors. ESCHMSCPahdadnhittidgamsdullatidiepehmeteds td thobasaiktatioabugdds sai d
first and second neasurenents for each tinmeslot. 7. The nethod of claim1l

further conpri 9ipag sgidetiating a ratio of RSCP/ISCP and transnitting
nodul ati on paraneters to the base station based wupon said ratio.

8. The method of claim 1 wherein said base station, responsive to
the CQ signal received from the UE, adjusts the power level employed for

transmission to the UE.

9. The method of claim 1 further comprising separately coding said
first and second measurements such that said format comprises a common CQ

for all timeslots and a differential CQ for each timeslot.

10. The method of claim 1 wherein said format includes a mean of
the ISCP for all of the channels and a difference from the mean for each

channel.

11. The method of claim 1 wherein said format includes a mean of
the RSCP for all of the channels and a difference from the mean for each

channel.

12. The method of claim 1 wherein said first and second
measurements include measuring a different group of timeslots in each frame

over N frames and repeating this pattern for every N frames.
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8. The method of claim1l wherein said base station, responsive to the CQ
signal received fromthe UE, adjusts the power |evel enployed for
transm sswom2g7she UE. 9. The nmethod of claim 1l further e@cwESIT1I2gR
separately coding said first and second neasurenents such that said format
conprises a conmmon CQ for all tinmeslots and a differential CQ for each
timeslot. 10. The method of claim1l wherein said format includes a nean of
the ISCP for all of 1Bhe Thametiod ofiidpim Hwherinsnid farmptcomprisasaRedR each
channel . 11. The net hogl\’@%ﬁ’l im1 wherein said format includes a nean of
the RSCP for alfVESeR N&°s and a difference fromthe nean for each
channel . 12. The nethod of claim 1l wherein said first and second
measurenents include nmeasuring a different group of tinmeslots in each frane
over N frames and rdpeat Anwyitehdiss digital eromrharicaions ysybtefir ampiayingl 3od
02/ 093757 PCT/ US02/ 15242 13. The nethod of claim ]l wherein said formt
conpri ses one dfviglongnyltplesaqeess %Ah)etﬁ%l}@.bgﬂ%.“ R}’W‘P@g é’ks“émlﬁ?@iuf‘]é‘iy
comuni cat i ons i =1 )i S i el )
(ggﬁtxﬁégsme& s 139 fig‘?igg?lf g;gﬁr?%%?oégﬁo}x RaGeREGRSS af

t echnol ogy for al ni ng channe measurenents for downlink

resource al | ocanedmsedEqaipheh(IUE), saidahethe@dsémprigieg:User Equi pment (UE), said
nmet hod conpri si ng: &)2) sai d network incl udi n% nmeans for transmitting a
signal to the UE f&) uswidpetsrlginguding mearsdpriranspatingasigmat totheyEsaj d UE

PRI 11! SRR [ RS 10, %101, o0 Pove

(b)  said UE having first measuring means for measuring received
signal code power (RSCP) responsive to receipt of the signal from said
network;

(¢) said UE having second measuring means for measuring
interference signal code power (ISCP) responsive to receipt of the signal from
said network; and '

(d) said UE having means for transmitting downlink CQ in

accordance with a predetermined format.

15. The system of claim 14 wherein said first measuring means

continuously measures RSCP.
16.  The system of claim 14 wherein said UE further includes means
for generating a ratio RSCP/ISCP, and whereby said format comprises said

ratio.

17.  The system of claim 14 wherein said format comprises a selected

one of a plurality of MCS levels.
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(c) said UE having second neasuring neans for measuring interference
signal code power (1SCP) responsive to receipt of the signal from said
net wor k; wod20e758ai d UE havi ng means for transmtting dowairiusk2/Gi n
accordance with a predetermned format. 15. The system of claim 14 wherein

said first nmeasuringgneange systni ofielans | ¥ wiersn s£8 fdibaPinchales dimseanydt em of
claim 14 wherein said UE further includes nmeans for generating a ratio
RSCP/ | SCP, and ahnfithe Qs mieasuresnenis aebhsrdesiasios fram theamean for pachrpfethgy st em of

claim 14 whereif.said format conprises a selected one of a plurality of
MCS | evel s. - 145%66%6@5‘?‘%7 PCT/ US02/ 15242 18. The system of claim 14
wherein said format includes a nmean of all of the CQ neasurenents and the
deviation fromthe nean for each of the CQ neasurenents. 19. The system of
cl ai m 14 wherein sailfl. f oThatystencoiindam Ewheremagal foohatihelud ansstagenent s

and the deviations fromthe average for each of the asur.e ts. 20. A
UE enpl oyi ng cAdbe-QR megsyremants g}dethgélgg@gowd%m)tngﬁ&ecr:gge sach ?qﬁglef rame
structure, eacrb({z%qgmggl\%t@g a plurality of tinmeslots, for providing

e 3

channel quality asurenents conprising: neans for receiving a signal
to performa neasurenent; neans for measuring received signal code power
(RSCP) and interference signal code power (ISCP), responsive to receipt of

the signal; format 2feand Ybempiessng eods-disistpnrmatiplarecesdbMAd grdAent s and
formatting said RS

repeating ail;'zgmel: %tguocthpeése%cr:he rarllnteshzjquéjl %C;?ﬁl%’a‘:‘i% eofvﬁrﬁgsl(ﬁs, for
providing channel quality (CQ) measurements comprising:

means for receiving a signal to perform a measurement;

means for measuring received signal code power (RSCP) and
interference signal code power (ISCP), responsive to receipt of the signal;

format means for receiving said RSCP and ISCP measurements and
formatting said RSCP and ISCP measurements in accordance with a
predetermined format; and

a transmitter for transmitting at least one of said RSCP and ISCP

measurements in said predetermined format.

21.  The UE of claim 20 wherein said measuring means continuously

measures RSCP.

22. The UE of claim 20 wherein said predetermined format

comprises a ratio of RSCP/ISCP.

23. The UE of claim 20 wherein said predetermined format

comprises both RSCP and ISCP measurements.
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predetermned format; and a transmtter for transmtting at |east one of
said RSCP and | SCP neasurenents in said predetermned format. 21. The UE
of clai m®&0 oaloga78T n sai d neasuri ng nmeans continuously nMeRSTSSY/RICP. 22.
The UE of claim 20 wherein said predeterm ned format conprises a ratio of
RSCP/ | SCP. 23. The D of Thé AIBwR2€lain 20 durthe absthppisiigedatl Mehadinaneas

conpri ses both RSCP and | SCP neasurenments. -15 WO 02/093757 PCT/ US02/ 15242
24. The UE of dletachngecft symbelrervosnisrsasd fignadai d neasuring means detecting
soft synbol errors in said signal. 25. The UE of claim 20 wherein said
predeterm ned format conprises RSCP and | SCP for each tinmeslot. 26. The UE

of claim 20 whereinjzsai dTRs qet 6f MIIRC 200WRBEein CAMMP PréRtermiR®RB To@hatt he | SCP
for all of the tineslots and a difference fromthe "nean for each tineslot.

27. The UE of coaipms@&ORBGBRedASESRifor gack dimesioti ned fornmat conprises a nean
of the RSCP for all of the tinmeslots and a difference fromthe nean for
each tinmeslot. 28. The UE of claim 20 wherein said neasuring neans neasures

a different group ti 119 S o chnf OV, eats
this pattern for e?/é'ry Eﬁirgﬁmgf Q;& Hl ?Re(x/%%%(l) sgrda:}lrrr%c% %%giq%{ngagi d
predet er m ned fconipiises £LiMeR ok ISCRfarfallaf fHeutinadsldty amf a diffsrédrew €élos the 16

mean for each timeslot.

27. The UE of claim 20 wherein said predetermined format
comprises a mean of the RSCP for all of the timeslots and a difference from the

mean for each timeslot.
28.  The UE of claim 20 wherein said measuring means measures a
different group of timeslots in each frame over N frames and repeats this

pattern for every N frames.

29. The UE of claim 20 wherein said predetermined format

comprises one of a plurality of MCS levels.
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