WO 02/093757 PCT/US02/15242 [0001] CHANNEL QUALITY
MEASUREMENTS FOR DOWNLINK RESOURCE ALLOCATION [0002)
BACKGROUND [0003) The present invention relates to wireless digital
wepipamcation systems and, more particularly, to communicat@aes2/15242
stations employing code- division multiple access (CDMA) technology
utilizinGoiéasurement t€GhhIgNES. (I EAidiENt BARTRBEEDWAlNK
resource allocation. [0 DG MddéNaniietdas RO mlhioatiohiSystems, as
the makeup of communication traffic has shifted from primarily voice
traffic @?ﬂ ever- increasing share obgdatq traffig. h as for internet
applicationis, the capacity requirements of such systems have increased.

Thus, rovisio i X imi ' ggﬂrﬂj on
(DL) tg&h%iissiong%ﬁ%ﬁ%?%ggﬁg Iﬁ@%&%&glgﬁpggé{g%%% 0SS Il%
betwessttentsaamsinittence gractiawietyivier damou fieldoor ssostanmptosidiode-
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by obstructions to'the pat r multiple paths tween the transmitte
and receifansnsiyvettermihednverivionsbetwadlogriitrs. These variations

ate refsgiei 1 as facipg, AJAAN 15 FAADGXATSSIID, U105, RE0D:

In some communication systems, It IS customary to‘transmit at each ti
instansertoensaticulzaitisdreo sluiiedr dlams argmanion g emsltipiEiasersn wirs-
enjoy e mest @yprable Hangiussien oRd1ians,at Dak dme, D ér%?ﬁ?g
systems, it Is Necessary to define a channel quality that may bé estimate
for eactmirserefrtsmofingecto tirsterits drefesr todreassrhit tépacHhsararigen of

most t@&%%ﬁ@é‘%& &%%Qétﬁélﬂ%ﬂ%%%&%ﬂrﬁi éﬂ% LARRIGR RIS o1y

moment ro the fa Ing point of view IS not mandatory, instantaneous

path Idssishbuld be
[6005] 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 caesed 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 channe! 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 shouid be

one of the considered factors in the selection.



one of the considered factors in the selection. 1 WO 02/093757
PCT/US02/15242 [0007] One measure of channel quality is the
instantaneous path loss. Channel quality improves as the instantaneous
Wtk U85S s reduced, and channel quality is best when the inSPAtAREBLRS42
path loss is the smallest. [0008] Another measure of channel quality is the
interfel®8¢e seen Bpetheeases, ofinbenhigaeliteridhsnostaprgaiy path loss.

requires, ABEL AR USRI PRMEE ARUAARINSSIBRPINET S MIes, hng

results in reduction of system capacity. Channel quality (CQ) may

therefehermeldprtisdinbasievhanchst inrsaniasenrs pdviess of ﬁlﬁ%@ﬂéﬁiel
base gafep transmigsion Iﬁeﬁgﬁréﬁ%léﬁﬂnéﬁ‘tﬁ{é%{?@&ﬁmﬂ'ﬂk%ﬁ@}'&g% seen by

inversely proportional to the required transmission power of the base
statiortforugeer singa. Nghrimiarerswiagsnadly bpaesatiduaicr selasmmgsion

the users,whoge CQJRbiANesLWaNH theselere RAOSS BRNRE of system

interference is lowest), at any instant in time, tends to increase system

. capactgpasiai-whbiersaughie ([SO00EY Hecrsdptie bardefgiedl ahshqgatio of the
meas&*é@@h‘;eddﬁé%&@"a? e RathInss, AR GRIGHIale Ie P i5 Rt REAl:

For example, the signal may be any pilot signal, beacon or even

data-cateyfatprigndiaets ﬂﬁdﬁgﬁﬁmbwa?@mlawas RABIRAS FonFERIsHon
some g&’&@”&% e TReePUaRRONETIS-Iemed IeeRIGS 890 SRLE RAYVES

(RSCP) and the received interference power is termed interference signa
code powergicricraedhansie whepe L idrshicnolsnd therefore path loss

TelecommuniGalion RySLams LG A ITEUENGY hiSIoRdwpiex: (ERM stem

standard, the common pilot channel (CPICH) is measured, and the CQ is
defineehpre GRS HWRBOPESTRE. In the UMTS time division duplex (TDD)

standaggedhe beaeﬁ{e%'aﬁm%@égg R )immeasurediendiie BO9d5h loss

defined as"PCCPCH_RSCP/IS Since channel conditions change
rapidlyni iglculate the ratio is not eritical. 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 channe! (CPiCH) is measured, and the CQ 1s
defined as CPiCH_RSCPF/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

fransmissions to users by time, or to separate one type of user-selective
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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 -2 transmission in time from other types of
transmissions, such as normal voice services and data services. Such

UME-SERAIANIGR AaR bR RiaiRed RAeent Ways: FOLSAMRIG.A voice

repetitive frame may be divided into a plurality of timeslots. Each timeslot
MEEEEPBE SNGCHREECES: o biiMb rERSaTS hra RseotHingddit otiflsepéral
tim&ﬁotfsoadﬁﬁﬁ'" ﬁk@rapw@@ﬁia@qmnmayg?e @él%airlt@@htqrgélea%zhdﬁ%? of
users. If a collection of one or more timeslots is allocated together, it may
bél?beﬁéPFé'og&?%E‘Heél%-’Bﬁ%ﬁ%.bfo%%ff}%ta BRRQSBEETHEE ks &ion,
it isidikiely. thatthieintsibesentecdn all oftheljineas|ais,oe subcahianoelsdsnot
e e reporing. ol single vaine naldmesipls plieR epuls .8,
non-optimal alfocation and the mformation in some of the UMesIots may
bédasteites theyefore-desinable to report individual measurements for
each timeslot. [00012] SUMMARY OF THE INVENTION [00013]

Erobodiments ohtheReespativentiamridde fonitimely, measuemspt of
CQ and for signaling the information to the base station as appropriate.

The present invention provides several embodi ts to measure and
sig]n;{a?lftiz?(;ait thlﬁngrst?(r%nse%IS ,bé%saﬁﬂ?c%ésnrﬁgﬂe %?‘Qt K ORI Basdme'e
stegion. ivleasurements nfay beqdsformedransohighetatdl fostathrelelaht

tinesiRLs:oh %Ht%'o%réagpﬁ@’t%g%%ys '%9‘@9%%E.314‘%!"%??5§r?36§s?09891%’%'y

reducing the rate by which such measurements are performe

ABSSTAVG e F recaupercrtie prdsemeriention, there is

{060G12] SUMMARY OF THE INVENTION

[00013] Embodiments of the present invention provide 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-chamnel, 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 jower rate by selectively reducing the rate by

which such measurements are performed.

[0013a] According to a first aspect of the present invention, there is
provided a method for providing a channel quality (CQ) indicator for the
aliocation of downlink resources comprising: measuring a channel quality:
determining a moduiation format based on the measured channel quality;
transmitting a CQ indicator a base station, the CQ indicator inciuding the
determined modulation format; and updating the modulation setting for

transmissions to a user equipment based on the CQ indicator.
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provided a method for providing a channel quality (CQ) indicator for the
allocation of downlink resources comprising: measuring a channel quality;
determining a modulation format based on the measured channel quality;
transmitting a CQ indicator a base station, the CQ indicator including the
determined modulation format; and updating the modulation setting for
transmissions to a user equipment based on the CQ indicator. -3 [0013b]
Ageording to a secondimspestsefdhe present mhvantiany: thestisnpravided a
meihadPrProxiding . channg, A v () IndiRaterdor e, aRogalion.o
downlink resources com rlsmg:gmeasunng 4'feléive |gnafcode power
(REGRYiomebdaringrdrintarfesaroersignal veakipogver(S@R)sigeld ctidg
atjsast ane dowplinkmedualionaehion hat cans sUpeIed. taner.on

the me RSCP and ISCP; determining a CQ indicator based on the
sélelddt arodarsivrksethyiransingngahee dortrddasthes the
stafianirenak Wpdating soe.naedulation settingfor kansRISSIANHIO B UL
e%tqjépment based on the Cig‘ indicator, [0,00,14188R|EF DESCRIPTION OF
THEBRARVIRESS0058T THE oBfe Ve &1919#8 pi8sBnPHivetitiorwind
bepdatie apparedt iupenseoingider atiamofthesaccompanyingrdetailedt on
d(%ﬁggﬁi%r?agt%rﬁgures, in which: [00016] Figure 1 is a simplified block
diagram o the UMTS architecture. [00017] Figure 2 is a simplified block
diagram illustrating a UE and a -3a WO 02/093757 PCTIUS02/15242
bdS&%tHtion for implerBBAAPERSTHET MR T EHE LR MBREIST downlink

resource allocation of the present invention.
[00015] The objectives of the present invention will become apparent

upon consideration of the accompanying detailed description and figures, in
which:

[00016] Figure [ is a simplified block diagram of the UMTS
architecture.
[00017] Figure 2 is a simplified block diagram illustrating 2 UE and a
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[00018] Figure 3 is a flow diagram of one preferred method for performing
channel quality measurements at the UE for downlink resource allocation
of the present invention and reporting those measurements to the base

W &GP FT00019] DETAILED DESCRIPTION OF THE PREFERRIEDS02/15242
EMBODIMENTS [00020] Presently preferred embodiments are described
belowbasth sitiere el tRB g s e SRl E BRATRE AR fargdownlink

represeid Jike fiemeRts Mrygheut 1RQR:d] Referring to Figure 1, the

UMTS network architecture includes a core network (CN), a UMTS

Terred®§8i Hadio Ateess RigtvarfieuTRiaNIm i angsereEgiadnsihed ey
The twQ IngHceaAs thelhiniedacs deteen - theERANIand

the core network, as well as the radio interface Uu, between the UTRAN
and thdlpretionelrRpes e iBmlisnsEkre Rt eI B emsy Stdaige
(RNSkudich can be interconnected by an lur interface. This
interconnection allows core network independent procedures between
different RNSs. Therefore, radio access technology-specific functions can

be kepjgryside of the casePgiverk pw R Isfucyper divided into the
Radio Network Controligs{NE} B e severak bassstatiens (Node Bs).

The Node Bs are connected to the RNC by an lub interface. One Node B

can sqpyeNe O BLLIAIR,CEHSTeARH Lkl 60 G QAN SRS wit
The UTRAN supports both FDD mode and TDD mode on the radio

interfaGEerERt s iR SesHER aHEUES A B RIBK HHosREs [rE ARy Hie slisments

proto%y%@éﬁotﬁ%ed. [00022] Referring to the block diagram in Figure 2, a
preferred communication system 10 for performing the process of

obtainiApEd meddehBrRESTuEO WM ELD rce Ficeskibis frre includes 2
accor%%ew}ﬁlﬁéNﬂ 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 Uu,
between the UTRAN and the UE. The UTRAN consists of several Radio
Network Subsysterns (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 celis, and typically serves a piurality 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.

[000622] 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

R



WO 02/093757 PCT/US02/15242 principles of the present invention is
shown. The communication system 10 comprises a UE 12 and a base
station/node-B 30, (hereinafter referred to as base station 30) which are
WebtaNaH 1bgether via a wireless radio interface 14. [00023] UBPC2/Hgi{thas?
an antenna 16, an isolator or switch 18, a matched filter 20, a reference
channliesteyehRIa st Hpeier AehetiemEm cBvRBTStignHEeRE ¥

interfereRce measHreriendeyice d4iehmOilansnificr&RaAR0rarded to as

determination device 28. The antenna 16 is coupled through the

isolatdHERHEHOTIS Y tiThaterrodmind fBshohiti rokiRles t%%éiaéwﬂfﬁ%f 14,

signal [(ﬁ)@% rovidespan PutpHide the Qﬁbé’:?riamﬁﬁs&f{el%@%ﬂ%w%%% Thea
reference channel code generator 21 1generates a reference channel

code, Wil Ri5pRE? el theRsclanog fRde 2ENeTHE SdvidioN BB GReHFErRN
deviceieg analyzamtin orieut ol e malrhechfifer;204e determing taer 26

power level of the downlink signal and outputs thisi)ower level to the C

deternitbfdribEREIBIIDIOWP T RE. obiSLEUFIBIAO It ShEongiHar

coupleghigthedimre et e HRISRSEMEaRULeRENLeNIEE XA SRk signal
measures the downlink channel and provides an output to a second input

of the O RISIEFRHARIRSIRE B 2BO T Femery HatsHfiTs RS deVids pderence
analyzgsihe BANGIRYSIR YL ERIR dBE-ROURE JRERRIEBMEHLUMCHBRed

and the interference level from the timeslot interference _measurement
devicd Pt amaphedidlie T FROIBRIERIH IHE earfsPifier  wss trpgutput

transnyftgl.26.isHAuURIRA 30 tBeiariennald shuab e isglaterisitenital

for wireless RF transmission to the base station 30 through wireless radio

interfattd PAIEBODE I3sE kigldn o eohdsirseunsiarederice Zhannel
transmifies.36. an 15QIaHe5 RSN AWMRITHSINRRS B bR RA VRS0t

and a CQ storage device 40. The antenna 32 receives the wireless RF

transmEBReRSHT eI Rydin G T rgenset dindavilidkehnenel and
wirelegsradiQ MigHAtL % @BGnd 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 timesiot interference
measurement device 24 and provides 2 CQ measurement o the transmitter 20.
The transmitter 26 is coupled to the antenna 16 through the isolator/switch 18
for wireless RF transmission to the base station 30 through wireless radio
interface 14.

[000257 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 1s then stored at the CQ storage

device 40. The reference channel transmitter 36 provides a reference signal,
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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
WefBreic& signal, -5 WO 02/093757 PCTIUS02/15242 which RCT/US62/15242
transmitted in the downlink to UE 12 through the isolator/switch 34 and

the antdrifh isransifeie fiedasimhnkksidRd s ibrmuse hairaRineFagas 34
utilizeqd yheM&dLe createthendowslinkkQ:prepsure me Rl A0RRZ8 3K is

should be noted that the foregoing preferred method 50 in accordance
with thelilreddit tha Bitibh e ewte iR EHpITRIBIn{al B HUEBRTEd by
commihigaiion systemsuingr the hedyRe$o RO N EigHESHa 20 in

and the present invention is not intended to be so limited. [00027]
Referrff§osiamerirath (e erasen Sty StHpT o tritllestEntdaehp e efitpraed by

commypicatian systapiRasemiained witbsrafsranserigriguresib and Re
comprising a UE 12 which is in communication with a base station 30.

[00028F B FasIYERleR dsnm Aaepdsdiin &8st Bréifd-channel is one
preferrgagteghnique fasG6 thesswement eepleyes:ivtbe Rissatnted by a

invention to provide the best performance for the downlink (DL) allocation
since (Hg15ASETSRRHYR WiR'FEVE 4 SRR RSHRGERIeRiRE ggres | and

choose thenpadulasionzandysRAINginselerhiRe-DEst User ObdisatsRAtD
allocate to them the best timeslots or sub-channels. Although the present

inventi@A%&8hpplicabléat BEMheS TS RREqURRRY URASTIR-giptexin one

(FDD)&QQH@&QQM%}@ Ay @%JM%M%@QW&@ Sr@@&%mﬁt%%&% to
be set forth herein. In the FDD standard, for exag”iﬁle, the commogdgilot

chann@8rqEids i besapBiommeast fentbndoivitis (B2 peretinioiptcdic base

sub-channgel IieHergveaISignRl £P88RAVERLRER) (RRISHEMSATIWAIGAJ
is performed in all relevant timeslots. In the TDD standard the physical

commépfipibtselsshfehestiem st dietipretefathem the best imeslots or
sub-channeis. 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 relevani timesiots. In the TDD
standard the physical commen pilet 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 charmel. 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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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
WefeyéHce’channel. 1t should be understood that the reference rt¥ngE)15242
maybe any type of fixed-level, (or known), base station transmission, '
wheth&respromiis deoRtFol Thsatisroreadivrd daanrradetnievori{RSCP) (step

necessafy 1Rt he ) GISIRoR FRARgLPRVEL DESNYWDRYBE Hih lg Ak cp
the time of -6 WO 02/093757 PCT/US02/15242 ‘measurement, The UE

12 memsiresreenivestbenimacsse(pevier (RECPIs R BaysipReapnEdess
then ”}?@%?}é?ﬁ%égﬁ ISGE.(SteR ©hdw he RSCP and/or the ISCP may be

measured continuously, (i. e. for every frame and timeslot), or on a less
frequelfOP3is as disetsgad Belwnie0od0fFfreratamdiermitntsertipt can be

differepf, AUGIOALY 75 E‘?@%s%"aﬂ& sUMRISTRERACLIOL e %@éﬁﬁ‘ﬁ' ﬁéasliﬂ'& the

first alternatlve the UE 12 measures the ISCP and/or the RS

spec|fﬁ:%ﬂ?#déﬁﬁﬁb@iﬂﬁﬁé’s‘l@ﬁ@%ﬁcﬁlﬁ“ébé@ﬁééﬂynmmmmmcmCali%
secongallefatygehe YEdmanashiasdned BN AR e R BeB Il

of the timeslots in a predetermined order or a random order. In” a third

alterndbiv&3hE wELY heamerteitica SeteigntioedissdRICPramgom order, In
randonhy, ideniified plmber eftimeslots ina [RodemOdar, Ingfouwtd i 4

alternative, the UE 12 rotates the measurement of the timeslots. For
examﬁ@dmléﬂﬁlﬁﬁﬂhs‘@@ﬂﬁ fimestetlpts-4not trandiest feadae afe 2 fourth

measujied, then HNeHats 38l HheRUBSSAKER! FADSHME AR SS.ARR.

timeslots 9-12 of the subsequent frame, etc. By having this inherent

flexibif8ChendethBaG0 in theededance vﬁﬂh@hférﬁiré@@m i FereF gy Hien
adaptegl faifie parienlac needsaf 405 SYRISR ARRRIRLANHNGSPASITE me

application. [000311 As discussed above, it is not necessary to have both
path |c4&seadent 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 I 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, 1t 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




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
WEleynEXive of Table 1 and RSCP may be measured in accord&aaelssieh 5242

the second alternative of Table 1. [00032] Table | summarizes the
differerftisghbodiments for Meashie asspepibntiprsietsardiinshoptdibe 96ted
that any combination of {predetermined or dynamic selection of timeslots
and/of timeslot order may be used without departing from the spirit and
scope, of the present invention. ALTERNA UE MEASUREMENT TIVE -7

WO 02ER33(® 7 PCTIMSUZALa¢fe o P HMEISHTE T rRRES TSI OM8 ditflorder

in a SPag]fig Order SecongMeasHre. i AT ERIAE Il SRERRCINIed Shdom

random order Third Meagyge.in randomly identified timeslots and in a

rando(TE pier FOUT RO HeASITement 1 GHRTENT IESIAS TABLE T

[0003 3} Returningto-Figure 3, Tegah of the timesiots or timesiot
order that was selected and measured, the UE 12 at step 58 determines

the dd¥@ifidk CQ fRammHeniedsgremantecraidinrsant thepomsstivovatinkeedpt

to the pasesiaton 30. 08 &8 Measementiay GonAISe HaRsMitth.
ISCP (from step 56) and RSCP (from step 54) individually, transmitting

the 1SOPYRIBIC Qaffore he feseisyones BREeIozst 1epgratHEBIORE 6f the
many QIbeLAISINivaS. @@%ﬂfﬂ&ﬁaﬁ%&%@%@%ﬁh&%ﬁmﬂﬂlg ISCP (from

hereinatter. [00034] The downlink CQ measurement report generated and

transmmedt?bm&&@’@@nsﬁep 58 imdsodnaly byareitise SaddnBB8.Atr
step 6&11%']:%1&11&& by the UE 12, or may comprise one of many other alternatives

which will be explained in further detail hereinafter.

[00034] The downhink 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 transmut 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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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

W BHBMents and transmits the measurement data is typicalyg BUS62/15242

trade-off between the amount of data provided, and the overhead
necesYary e anarssrintmsaskie aad Fanent dritarbsativnie hadasaaibasy).

For exalple . MRASHEMeR AN RS RISRIPR AL A Al

Ré@%&@ Fo the

and RSCP for every selected timeslot provides the mast information.
Howebése gidligiadtback is the large amount of data required to be
transmitted and the overhead required to transmit it. [00036] The goal of
return tlmelv and arrurate CO mformatmn and.

the pr
to det

chann
02109

this in
altern
ALTE
for ev
timesl

RSCH

every
levels
coding

esent invention is t

cARiRE RIS AT O

els. As such, there

RS G dfeRer anerntmvelothal the. -8 WO

3757 PCT/11S02/1%
fformation to the ba

RAP ped pecdrimeand HERsinreeaent srpatiinit timesiot
5e station 30. Table 2 shows the different

jves for trarismittin

B SCPAS @t thy W RE s phed ElIT-

NATIVE UE TRAI
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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]

mmost number of bits

TABLE 2

The nine 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 list is not an all-inclusive and the present invention should

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

100038]
timeslot to the base st
[00039]
transmits ISCP for ev
[00040]

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

ation 30.

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

ery specified timeslot to the base station 30.

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.




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,
wang/tétrtransmit the difference of the remaining timeslots froP@ tHes62/15242
reference timeslot. TABLE 2 [00037] The nine alternatives are generally
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the base station 30. It should be understood that this list is not an
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and trapsmits A S reyety-30ecHightines ok iRuhe BageSaHaR30s this
[00040] In alternative 3, the UE 12 transmits an RSCP/ISCP ratio for
every §etifadaifedretiaHennubivk i dresc 00D 4, treater R Es i

UE 127spdesangdiansmits p MSCRASER Janedas avanvspesifieds, for
timeslot to the base station 30. Coding of the ratio_-9 WO 02/093757

PCT/S50PPIS S#ht UsE rdSnuriisErtBE Bite reginrey BarBrsmifide!SCE

informatioR,- IR0k BapitesRatiaca NI beolifd BaRspRisshR PHaWRe LRt
symbol errors, detected by the UE 12, to the base station 30. Soft symbol

errors‘a®e well known by those of skill in the art as an indication of

downlighesy. [00Q43]:tRnatioenaive G heddinlZeseinsts ey dakiRation

modulation . _ _ .
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 fo 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 onty necessary to transmit the differential
information as referred to the reference point. In a manner similar to the
alternative &, 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) from the RSCP and ISCP measurements, and
transmits this selection to the base station which the base station 30 uses
for transmission. There are typically a predefined number of MCSs
wagIRIBIE 0 a UE, for example eight (8) such sets. Once the PEBHEIME2
the RSCP and ISCP measurements, it calculates which MSCs would be

suppoiddifélgive the edeeredese RRVAAFHH aHEAREVE ARt qpplexity

combiges CoMG RN GRLHTLRaY ol Rlealb IRRAIO RERAIEIN cOMBEble
the common and differential guallty of all timeslots or sub-channels

result$AriRTEARYS eIt dibsicpaanyalgraseseips For
measyies abchitansMits e MeanPhieG Fedaralhimes Qismbichising

coded using a larger number of bits, and then transmits the difference of
each ré&fRERHAMIRFEERSEROTOR hsaPRialtatioBing-cBe ¢4l BRBaVINEERYY
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used to identify the mean value of the timeslots, while the difference of

each RSB ol YEI96 the Itedf s dosqateaasraidhesepoite
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is designated as a reference point. The CQ measurement for this timeslot
is trankEAtical eI CHse ARRs R 5 T il 06 2O R TE AR IA B CBBES 9 dsT

transmitthe diffgrential dfarnatipn.as referred to the reference point. In a
manner similar to the alternative 8, the reference timeslot may be four (4)

or fivel§8§48its andBereeiite thenaivents Farerkic @ s threpmapifngYy can

timesIQLsMeMRE ARG ddl R War d2h B erd O WR G{ORYA A easured results in
PCT/US0215242 [00047] In order to reduce power requirements as well

as thel s eREPsBIamEThisRME ARkt BIEh SOB3ISKTor fheaelE REmPShET
ProcessiRgoll g desiiaiets result in lower complexity but less frequent

measurement reports, which leads to some degradation mn 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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to minimize the number of measurements and the amount of processing.
For systems in which the UE 12 must perform measurements at all times
pending information requests from the base station 30, this can impose a
heavy measurement burden on the UE 12 if the number of timeslots or
sub-channels are large. In situations where the interference does not
change at the same rate that the fading does, timeslot measurements
may be rotated in such a way that a recent interference measurement is
available for some timeslots while older information is used for other
slots. [00048] By reducing the n timeslots measured, complexity
can be substantially reduced. La% bers of timeslots to be measured
results in frequent measurement reports and high complexity. A smaller
number of timeslot measurements result in lower complexity but less

frequen syrement reports, hich.lead lo r io
performAt‘arEI(]:éz[g%flIl o 6P8jrln|s G e nm;:lclgp‘??i @9 dmg% %Flaeftoﬁgha allocation of

d ownimiﬂé%u%si%f es,0f the particular application. [00049] Although the
invention has been described in part by making detailed reference to the

B‘i@é@ﬁf gmmgp&gghggch detail is intended to be instructive rather
than restrictive. It will be’appreciated by those skilled in the art that many

VRriabans mayRrmeseinbesiuchire, and ade giLnergtionwithout
departing from the spirit and scope of the invention as disclosed in the
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(CQ) indicator for the allocation of downlink resources comprising:
moduldii@asiiing anghannel quality; determining a modulation format based on

the measured channel quality;

updating the modulation setting for transmissions to a user equipment based on the CQ

indicator.

2. The method according to claim 1, wherein the measured channel guality is based
on received signal code power and mterference signal code power measurements in the

associated downlink timeslots.

3. The method according to claim [, wherein the modulation setting is

predetermined and fixed.

4, A method for providing a channel quality (CQ) indicator for the allocation of

downlink resources comprising:



transmitting a CQ indicator to a base station, the CQ indicator including
the determined modulation format; and updating the modulation setting
for transmissions to a user equipment based on the CQ indicator. 2. The
method according to claim 1, wherein the measured channel quality is
based on received signal code power and interference signal code power
measurements in the associated downlink timeslots. 3. The method
according to claim 1, wherein the modulation setting is predetermined
and fixed. 4. A method for providing a channel quality (CQ) indicator for
the allacation of d WnI| sources g}#rlsmg 12 measuring a received
it ger%%l et rpe(%%%/\é &%%‘gfﬁﬁ%& mterference signal code power
Segsa selectl eg tle%sgiong doaanlnk tion setting that can be
yased on the r%neasured)ﬁvéaé and'1SCP; determining a CQ
eja%%tr&r 9@? SRS MoAHAl SIS IS SRSTURANE 65a on he

icator to a ase station; an ation seftn}%
measu%@%ﬁ@%&%fs@?? user equment based on the CQ indicator. 5. The

method according to claim 4, wherein the modulation setting is
REgdetermined @ngifbees thled on the selected modulation setting;

transmitting the CQ indicator to a base station; and

updating the modulation setting for transmissions to a user equipment based on the CQ

indicator.

5. The method according to claim 4, wherein the modulation setting is

predetermined and fixed.
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