METHODS AND APPARATUS FOR PREDI CTI NG A CHANNEL QUALITY I NDI CATOR IN A
COVMUNI CATI ON SYSTEM Cl ai m of Priority under 35 U . S.C. 119 [0001] The
pr esent Ap&’w)l cation for Patent clains priority to Provisional

Appl i cati orP R 1861015, 004 entitled "CHANNEL QUALITY | REFEATERICZHS )
PREDI CTION I N A COVMUNI CATI ON SYSTEM' filed April 30, 2007, and
assigned to the assignee hereof and hereby expressly incorporated by
reference herein. BACKGROUND Fi el d [0002] The present disclosure
generally relates to nethods and apparatus for predicting a channel

qual ity indi cMBTHQ@DS AND A RRBARAIUS FOR SRIEBICTANGRoCHANNEL

particularly t oQUABITY INDICATORINA CIOMNEUNIEXOION SYSTTENM on
of different CQ values. Background [0003] Channel state estimation

and f eedback14f, 45 iR3008 rﬁg.tsgc.%tibnati on are essential conponents

of current an@ uture % reiaess syst’ens, such as Hi gh Speed Downl i nk
Packet Acce#®0(|HEDPA)kserEVgiplitaton fOatPate®ntiginppricrity ed Ped&NAD)al Adplicaion

Mobi | e Broagha . | m \

the recel veroapo it eufled RitEL TALKEY TR bR, Rl SRSy
e.g., a Sigmal AtooNMEBIRATION (SNREMT filbe Ahantgl 200andnd eedgnelt tobagk
to the transmtter of_ the device for proper_ scheduling. [0004] An
ener gi ng tréﬁbE“F?\hWQfépéggreWé@@ir?ﬁélﬂ dncomspiebpy refaencg hiig advanced

of fline or delayed receivers, which store sanples for a period of
time and then process these stored sanples in batches using an

equal i zer, interference cancell atilBAC UdD or other simlar

recei ver. This approach, however, introduces significant delay due to
wai ting thagjggcurs for the batch data to arrive, and due to
conputing paraneters of the receiver. In addition, delay is

i ntroduced 962t Bhe presqphdistlosiiragenaablyirelates snmethodsndrappasatve for (predecting
equal i zer fil i OF . 1 ne ncel lation). [0005] A .. )
Fundament al b8l S imbRABL A6 RS SRR s Sl g hiRls ety v
the CQ of pldicdet ayed foracetarent bhed ohadindion bhéiffreansOi vdless. t 0 becone
stale (i.e., not current). For exanple, if the receiver chain

i ntroduces a@%gt{m delay, then the reported CQ at a current tine t
+ At woul d bée % on channel conditions at previous tinme t. Stale
cQ [0003] Channel state estimation and feedback of the channel state estimation are

csscntial components of current and future wircless systems, such as High Speed
Downlink Packet Access (HSDPA), Evolution Data Only/Optimized (EVDO), Ultra
Mobile Broadband (UMB), and other similar systems. In such systems, the receiver at a
device estimates a Channel Quality Indicator (CQI), e.g., a Signal-to-Noise Ratio (SNR)
of the channel, and feeds it back to the transmitter of the device for proper scheduling.
[0004] An emerging trend in wircless receivers, however, 1s to use advanced offline or
delayed receivers, which store samples for a period of time and then process these
stored samples in batches using an equalizer, interference cancellation receiver, or other
similar receiver. This approach, however, introduces significant delay due to waiting
that occurs for the batch data to arrive, and due to computing parameters of the receiver.
In addition, delay is introduced due to the particular application of the receiver (i.c.,
equalizer filtering, or interference cancellation).

[0005] A fundamental issue that arises is that such processing delay causes the CQI of
the delayed receiver fed back to the transmitter to become stale (i.e., not current). For
example, If the receiver chain introduces a At time delay, then the reported CQI at a

current time t + At would be based on channel conditions at previous time t. Stale CQI



WO 2008/ 134719PCT/ US2008/ 062012 2 reporting degrades the CQ -based
schedul i ng performance and nmakes passing confornmance tests

probl emati¢c. SUMVARY [ 0006] According to an aspect, a nethod for

det er m ni P3Pt i ve channel qualjty indicator for PXTEEWRIENS 1
a conmuni cation systemis disclosed. The nethod incl udes deter i ni ng
at | east one first channel quality indicator froma first receiver,
and determ ning at | east one second channel quality indicator froma
second r eceirspertingTiiegndeshdlee fCRL-brsed | sebtdudiog perfasinds mgd t mekes passing
predictive channel |l ity . indicator through a function of the at

| east one fi%?rgf?n%a%%t\ée pa%éﬁr?atlﬁ i ndi cator and the at | east one second
channel quality indicator. 100071 According to another aspect, an
apparatus for determ ning a predicti \iﬁéﬁﬂfﬁ el quality indicator for
a receiver in a conmmunication systerﬁ | osed. The appar at us
features at [doagsiacOBinR 6 GR SSHYCt, GOMEth L KR dictcdmBRiLs BicdaRtidd chAaslt Ang
first channel quality rndicator froma first receiver, and at | east
one second dfHeEHATIOL f IFRRET N POIBBRICH IO Y gera dt diselosed ¢ dihganpcthoghigcludes
Processor i gefelhh{igr aC fé@%' G Gkt LR qltahlﬁfpemaﬁaaoprﬁ%m Gt ke rERARNCAnd
quality indicator through a function of thé at |east one first
channel qualdeteyminimgi at tastr orgredcandechatnel geddity oWeate donda egrahd regeibanie
i ndi cator. Th p at.u | sQ.i ncl S_a,eno upl ed -t e .at

| east one prr%e?‘eogds@?t.r'er[ lﬁglﬁgﬁs y (I:C gaglagglge Frgd%‘fc éﬁr{% (ﬁecﬁjaa?p%%fj %tg%ltrt\l%ugh a
appar at us f diinotied ef rcrdt ngasBony dastchanmel qindinn @ldicgtedland yhel desabr sckard
a receiver ip a co ni ¢cation systemis disclosed. The apparatus

i ncl udes ne& ‘é“nF’b‘i“q‘H%tlB i ng at | east one first channel quality

i ndi cator f ngugrp Alcké8ingt6 GRHMET asp@h CanRRRG Uk Tor GRIrBEThE b Pebdadiivk @Rsinel
one second quality channel indicator froma second receiver. The
appar at us aldsality irdicideSon 5a58ivEol AcEMEBImeatiagy sYshan i dsnlesed.v dhe AppsEdRs
qual ity indi t i t I i :
channel qualfiga?@rgé m%g%@%&!{}%hg@r etgs#%gﬁénesagg%ﬁ g%%ﬂ"%‘ %ﬁgkgur%l I
i ndi cat or. [(0084r from stfirktire@ner.cndet lagpae secont gugite skaneldindichtos from a
features a cQ ter.programproduct Lncludin onput er -.r eadabl e

rodi um - The WEARGTeI e EHETRBRE furth ol ORISR IR E shoppel
at | east onepubhiity sidief@nmeligioafinctioh éfiibkd gtdeaat orferfosn chafret glalitemdicw®r and
code for causing a conputer to determne at | east one seco ual it
channel i nditEsiidest e mPeend supiy hasce) %ﬁf:%toran@e&aa@a%PIS%%&%ﬁga femoty
conput er to pahedioah€atif: fleaftbdlioye channel quality indicator

t hrough a function of the at |east one first channel quality o

i ndi cat or ar@P¥fhdcserdingator YSn#0HEE GERPCH AN PRBAT A Fti edetermdiiag poprediciy

2008/ 134719%%14;1%%9&91% QLR 5 a receiver in a communication system is disclosed. The

apparatus includes means for determining at least one first channel quality indicator
from a first receiver, and means for determining at least one second quality channel
indicator from a second receiver. The apparatus also includes means for calculating the
predictive channel quality indicator through a function of the at least one first channel
quality indicator and the at [east one second quality channel indicator.

[0009] In still onc other aspect, the present disclosure featurcs a computer program
product including computer-readable medium. The medium include code for causing a
computer to determine at least one first channel quality indicator from a first receiver,
code for causing a computer to determine at least onc second quality channel indicator
from a second receiver, and code for causing a computer to calculate the predictive
channel quality indicator through a function of the at least one first channel quality

indicator and the at least one sccond quality channel indicator.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] FIG | is a block diagram of
an apparatus used in a conmuni cation systemfor predicting a channel
quality indicator. [0011] FIG 2 is a graph of channel

ual i t
i ndi cat or WAPWELIGPer time from both del ayed and non-d@ggﬁpéa’“g"mmz

receivers. [00121 FIG 3 is a flowhatt of a nethod for predicting a
channel quality indicator. [0013] FIG 4 is a block diagram of

anot her apparatus used in a comruni cation systemfor predicting a
channel quality indicator. DETAILED DESCRI PTI ON 100141 The present

application discloses %%ﬁggﬁp{)ﬁﬁﬁwlﬁ% Bﬁgﬁ'ﬁ%# he Channel

Quality Indicator (CQ) TOr a receiver nor e pa arly, a
del ayed recgov@r FIG.n ia acooakudiagraini ofan Sppdreis useddh dedontnMinidatiog 8fstem for
probl ens due togErocessin In particular, the disclosed

el.ay.
met hods andPHdisira? GeerRghd ﬁ"iwmﬁ%aéora currently available CQ of a

del ayed recqioygr FidRut i@lasgap of icE@imdNQtdIRY i8@tatét vaHdsSorBtiahd @dnf LM
a non-del ayed receiver as well. The two types or groups of CQs

obt ai ned f r 8pfeydeand sepdelpysdacesiesi- vers are optinal |y combi ned

accordi ng t g oo f.lne g h - g . y

pr edi ct theﬂ)&g] ?g’{r‘i'%tlhe 9?&%‘%3%@%@0 ?ﬁ%&?%&%&@é@%‘?‘%‘? #Acg'r

f eed back t ®0i¥eFIG.dns mitldckrdiagi@0 26incther apprgattousel G a tommnniagparsastas

100, such as_a user equi nt .(HE). as exanple, is illustrated that
may be utili réjaecﬁcgmﬁragﬁlarﬁ‘t@ ! f‘8§1°%°’?ecei ver. Apparatus 100 incl udes

a receiver 102 that receives wreless comunication signals.
According to an aspect, receiver_ 102 includes a del ayed receiver unit

or nodul e 104 that receives trQETﬁE%ﬁPHbE %WJIQI\&nd per f or s

processing afpifeTRE hREGS REANhGISAiYslodes TrethoRRhSagPhRBRSS phdidd " Chael
equal i zer or_interference cancellation receiver which add processing
del ays.. Th&uekydndisatoyF@Dder aversiver (@4mprs paghifulaglyr ediclaged resgiger)iip a

part, to ca 1 o i t

ol ayed r oogsiinah ot ARIEHR BRI (Ot dRolOR BUOT (EhcckdiBtay. 1n
non- del ayed paicdiy dlre disildsed mettwdsiland AfGratwshicg lonlyayse becucrondy grailelle GH)I
si mul t aneou

recei ved cosﬁ‘h%lq?lég(%l %fs‘leié(?ir’gﬁugiags%glﬁihg(?aor%?ée%%ﬁo [Cg@ei"‘é*%ﬁlegg'%otgg,%gg tlg}%d

(her ei naf t ekeckiweres wetin- Tht ayedypscai y@uplY CQTs NDBtKd) frothnth@respective
aspect, the non-del ayed rlﬁéEi ver unit or nodul e

i npl ement ed "WEYASAR SRITH R CBUBT &OTEER)C SRR dhe GOT's o

2008/ 134719Bfe1é &%@ﬂ@/ P&RAYEe 4QI for the receiver (i.e., the delayed receiver) for feed back
to the transmitter.
[0015] Turning to FIG. 1, an apparatus 100, such as a user equipment (UE) as example,
is illustrated that may be utilized to predict CQI for a receiver. Apparatus 100 includes
a receiver 102 that receives wireless communication signals. According to an aspect,
receiver 102 includes a delayed receiver unit or module 104 that receives the incoming
signals and performs processing as described previously; i.e., batch processing using an
equalizer or interference cancellation receiver which add processing delays.. The
rceeiver unit or module 104 is configured, at least in part, to calculate or determine a
CQI value (hereinafter termed delayed receiver CQI or D_CQI).
[0016] Receiver 102 also includes a non-delayed receiver unit or module 106, which
may be configured to simultancously process (i.c., to the delayed receiver unit 104) the
received communication signals and to calculate a non-delayed CQI (hereinafter termed
non-delayed receiver CQI or ND_CQI). In an aspect, the non-delayed receiver unit or

module 106 may be implemented with an on-time receiver (OTR) or online receiver. In



general , however, the non-del ayed receiver unit 106 may be

i npl emented by any receiver whose tinme-line is not del ayed or, at
mni mum is delayed | ess than that of the del ayed receiver unit 104.
Fur t her nor 82 #8448 ayed recei ver 106 may be i npl ement &§THF2098/062012
traditional RAKE receiver, such as thbse known a Code Division

Mul ti pl exed Access (CDMA) nodens. [00171 In an aspect, the

non-del ayed receiver unit 106 is configured to cal culated CQ val ues
peri odi cal | geeerale doweneratheynaaddeyed reeamer padti H0fi onayi bee irtplementedyibty hayt
a significa n or buf.fer those val ues for

prescri bed gér%ﬁ’%{ %}c{)%setq i féﬁﬁefﬁﬁg?éﬁiaryedar?ﬁfé pect™at 1 %ezﬁedgﬁﬁ%th%QF%s
det er mi ned declapddasteitdrnmeit (04€r Fatheimdre Atgn-duhdrediecaivbaEls e i@iptemented

periodic ti (terned n be derived from non-del ayed receiver

o t %106, |1 B RS i foctirel St Go st Codin 4 Codko Bryirien el rlgred
particul ar wakdéss@CDMAMEodAEdI tionally, At is generic change or
passage of tinme also not necessarily limted to a particular

quant i t at i vé%polimin agpegs B nan-dekyedhregeiveromit 6 4 epriteuisy telsplaylaigd CQI
recei ver un : e 10: : : I 0
one exanpl el,vgliuéSO eﬁggg%lﬁ%e%%%@r%gSbc}ﬁo‘?UH?Hw%&Itjogl(ci t.?;g‘.é (1@8' W?f?f&l“%&
or nore nonddeyayaldst@elor\baffaethodel Palagsefonh poesotibquitamaunt Gtimer elitiuet invem

Unit 110 by n- a recei,ver -unit ;106.. The val.ues 112 may
el ude « he2tas BoRal ST SEFELMEmIR IR srbiiantRiy oS el tas
(i.e., ND_Cgtdviguy patietiatimpe ¢smndd ty cateoadetivae tomaion dielagye i cidr vnatl 108, &t
time t + At .(i.e., ND. t+At). . [0019] The CQ. Prediction unit 110
recei ves th& inﬂﬁﬁythdf_dlgglég? e "Z‘Caﬁﬁ‘_}d%lln(%ﬁﬁ?@éi Bny oD H@Fiqgu%me-
cont enpl at echdafRdil6l IA¢gs EHREE RdhBe b8 pRGaddErStEmd Akl 88t ncbhBally athitddi &
function yields a predicted CQ for the delayed receiver at a current
time (i.e., PORCWEY quantitallyg gmowghr i ous exanpl es of predictive functions
will be dis e ' ' . four ipl 1 & d
G 1 s e bApEhAlclaved ARk R, 106 DEQ iR T
CQ for theld®l abhedCRbcwcymding(fo. ene, eRRPBQ i tther CQL) Jetaymired afor time t (ie.,

comuni cat i 1 4 (e. Q.. a,wreless | i t rovid dback
to a trans m?jtq—tdéjrlaﬁlé‘%o O&hnilc%%h%glwﬁyeega V(?gu%gl W%ﬁgﬁi)gfu@fl{ tgg‘ilﬁﬁaﬂ%"e
devi ce 100 Winfthilo te the munHltlepdd 1@cei gyt SinemMO6THhetvaRS M2 bay idcl@le the non-
includes or (is in nication wth schedul er 8, ich perforns
schedul i ng 8?121%‘3?15?@]?1%%&653{?’&@34 BYSVIOHEY 13f S4nk gfeﬁgfé\ﬂé&a@r Bregmly
a predi ct ed d6mihed noh-Eklye8 WQIvh e at A& + KARSITIND &rQidapwi | | nore

l'i kel y make schedul i deci sions based on a |l ess stale conmpar ed

to basing sMéﬂu?h%ﬁaggﬁ’ﬂg%ﬁéﬁﬁﬂibhl@/fe@?i‘f@_ﬂ_@ﬁﬂ@ﬂf)@%\l\@ﬁ» 112 and calculates any
2008/ 13471.98g épg’g@&é/ cgﬁt%%%téi &@a@ig%\le ﬁ‘ﬁ‘lcﬂi(ins'dsl g%és%t\% n ﬁlegfjred?ictive
l'y -unit (e.g., t)(§|

the D_CQ is rough one tinme | ayed froma current
time (t + Afynctiftheneddsorepredinedgo@l fof thchdelby@Qrecpivediat bi anrdns the (i.c.,

redi ct an | one tinme-unit later.(i .e. , | (t + At) .
Ph cat ed b Rou U7y RRE Sy B breaBf, ehiifisanthiy SdirFaie o
D CQL (i.e.mo>d@i(t) or approximately the CQ value at point 202 in
FIG 2) and other rre and t. ND ata fromthe non-del ayed
recei v)er (e.[od’.a‘,” éﬁ@fﬂr&?r ﬂ'ﬁ’?'@?tfld Bﬁ%GC(IJ C&E%{?gé“%? UﬁBilﬁé Suippls t%fh%et?’)é@eéf
curve ND_CQbrddftddl €Q1 @r-th@@@iﬁﬁ@&céib@t(}i{pﬁ_% Cg_gtiﬁs ABY AP L EmAbnit 4R
t + At fromthe del ayed receiver and that ND CQI (t + At), and
ND CQ (t) aHek AVh(9mbt wirclesnynlink) Hoprowdf dgedbackde aitiaapmitigr §Enewhich feaym
of a predicji t iR ERY P& ol ! }%ﬁg :
D CQ Bred: c%éé%n?{)&glﬁ,é\{t §H§: a [SIE%Q tH %ﬁ%sgg(}\l%%tég ?t08+ ticﬁﬁr&gts%?é?n.( lﬁhe
ND CQ (t) ( 1jrangho@a2]1 6 Thauddsov es mopvatinorcating wittaeshedvidr 1t Bewhice gidored

upconi ng D r.edi ¢t e i.e.. D + A i,.s predicted as,.a
P o "ot SRl e Putne DT leguitier 16° BB B iR Gt
ND_CQ (i . efor aNDrrEd t{nhe, theAtgnymarre 1 theilpmend [ikes; MikeGhediiin@dscids based

on a less stale CQI compared to basing scheduling decisions only on D_CQI(t).



D CQlpredieled (t += D CQ(t) + ¢ (NDCQ(t ) - NDCQ(t+ Al)) (2)
WD 2008/ 134719PCT/ US2008/ 062012 6 [ 0024] Thus, the predicted

D CQpredieted at time t + At obtained by equation (2) is the earlier
val ue of tYHR2BHIHG t he del ayed receiver (i.e., D CQ (GFT{HSE8/862012
correction factor that depends on how the on-tinme or non-del ayed CQlL
varied in the last period At (i.e., the difference between ND CQ (t)
and ND CQ (t+ At)). The value c is a predeterm ned constant used to
optimal |y tHi02drAs kalletrateddn Fh ¥, ot drCQbis rtnmhpyagrteitoud-arit @yestighlelayed
specifics. Lt _is not t he.,met-hod, of i an i.s .beneficial
ThCthat Tt Pomid rBRaPhmt O ol nfRRR R et BIGhEkieGop Byl
sinple in theupwnieg DhaQlohe smchinit latr iegd QI 1Y icdtsel bepéint 200 in

probl ens because it does not exactly "nm x" delayed and non-del ayed
OQ's, but rElhed @%&@%s@gew&h@w%&% Eoatt tidlBhot BPraf et fhe
del ayed CQ cqliQ@Re]at bbint 202kS P10 @dd iRl 608H ladhatalheSQRdatd fod e
di scussed above in connection with above exenplary equations (1) or

(2) can be 8pbddnyedcicenivir g e crpexireaialy dbeSiQlyeluss g oimeng 04 ok 286 of
recursive | east ngfl 1?&12%@2%) A%£unkiﬁ§§$sat g‘i@g@@ggg&ﬁﬁb&%@etm&% the

According to an aspe e paranet o b, c can be chosen
accor di ng t delayelbacei Bguaed thaENDo CQIWBE)t),.cmid NP i (ORI(f) erendviilatile &omnhtke non-

Phe to | owi fieadsiesh sagtLBi of RbRielT e B b B b e Rafy flifdiny
D_CQTpr edi ct@dfibrt(1Af) ))2(3) [0027] In other words, the nean square

error is the average of the square of the difference between the
estimated predictive CQ (i.e., D CQp"dieted (t + At)) and the

actual CQ (i.e., B@RfLE ANy -ASDtOORS SkiD ediien Adie art will
appreciate, this results I1n a sinple optimzation problemthat can be
sol ved using the | €2¥2_E@dli@r es (echni que. [0028] In yet a further
aspect, the proposed CQ estimator can be made unbiased by infinite

i mpul se response (IIR) filtering the difference of D CQ (e.qg.,

D CQ (0) an¢hoeHeTix ebhvetadatinCticites ghat t2 GQHsteddipcomihy B cCQdicRg (iteg

fol I ow ng r%'_@dl& ns rHt)g:is up@gdigtgg qxs%— inear combination of the previous D_CQI (i.e.,
D_CQI(t)), a current ND_CQI (i.e., ND_CQI(t + At)) and the previous ND_CQI (i.e.,
ND_CQI(t)). The parameters a, b, and c¢ are linear combining coefficients that ideally
are optimized in an adaptive manner {depending on mobility, geometry etc.). It is
noted, however, than according to an aspect where the implementation may be
simplified, a fixed or predetermined approximation to the optimal adaptive a, b, ¢
parameters 1s also contemplated. It is further noted that, according to an aspect, optimal
values for parameters b or ¢ could be zero, thus leaving only one non-delayed CQI value
(i.e., either ND_CQI(t + Af) or ND_CQI(t)) being used in determining D_CQlpredicted-
Accordingly, in such an aspect, only one ND_CQI value may need to be determined.
[0023] In another example, a further prediction function or method is contemplated. In
this example, it is again assumed that D_CQI(t) is available at time t + At from the
delayed receiver and that ND_CQI(t + At), and ND_CQI(t) are available from the non-
delayed receiver. Assuming these known CQIls, it is contemplated that a predictive

cstimate of D_CQI may be formed by the operation in equation (2) below.

D_CQlyredicied (t + A = D_CQI(t) + ¢ (ND_CQI(t ) - ND_CQI(t+ At))
(2)



,predicted(t At) = D CQL(t + At) + Filter [D CQL(t) - D CQ(t+At)].
(4) WD 2008/ 134719PCT/ US2008/ 062012 7 302 where at | east one fi rst
channel quality indicator is determned froma first receiver.

exanpl e of% 9ﬁf’(é"ﬁ+b"bess may include unit 106 of FIG 11’@'6’{[@?9??’#1?2#1& at
| east one non-del ayed CQ and sendi ng the CQ to predictive unit 110
(i.e., in the exanple of one of one of paranmeters b or c in equation
(1) being set to zero). Another exanple is unit 106 determ ning a
plurality of non-del ayed CQS for at least two different times (e. g ,

paral 1 or PR En BB b0 RCCl e P B G o Bt S toR e

one second @atdiki v‘za&‘uecd'fameQI oNtheGialagsd feBeit@t(RE. nDn@QI(t)y Em; a c6rE@M factor
receiver as illustrate by bl ock 304. An exarTBI e of rocess of

bl ock 304 néRpt Arrenden ey ih 61@34“6%? o pep-dglaygd: ¢ Hweﬁgnéﬁe %a@tﬁfm%ﬁéﬁe
del ayed CQ uandiB@arenedvien G tQi®dr esl atbveouni tadhl0. TO003%L Af fer,

the plurality of first channel quali tf/ i ndicators and the at | east
one second Oirelpteenined, aonistapt umteam@m I taslog dheoeariagen fwomt@cﬂn@spag@@zlar

and 304, t r

cal cul at ed ggs?%o{\’/(\eﬂ% gllmlgg%%dt\{?n&gglrg i Cuﬁ%‘aﬁoh (%)elsg%ggﬁé@ﬁl}etﬁ
(D_CQ predi stmgdy ancbunb@s@cbl bt i ol oaghticn @20 scdimpie iofhet deaseathatl thia kindosfe
first channel cat or..and. the a east one .secpo al it
channer | napisR Baabd R BLoy PR pesib ot R a5 w80 Br Pt Bl eyt
Predictive WelayedldQls, bhtusthcatiamply tschk nbn-ddlay@SCON vaXaiaR 1€ adjust the ch
Furt her nor e, exarrpl es of the specific function utilized may inclu

any one of - exanpl es di scussed above. [0032] After the predicti ve
CQ is calculated in block 306, the nethod for determning this val ue
(i.e., 300) is conplete for a particular time t + At. Accordingly,

al t hough andt0Bdr Iths @éQ(nG@(Bthﬁ‘SCQnﬁénﬁR#émS f.db: ohowisciracd atese pr @waneation wOi)
(D_CQLpredi GhaMD) il dattBhe 2 §. 8 D Eenlgc%fugga%s W AGE" adkve

such as transmiti rocess 190

bl ock 308, hiznsihers, qucksaerred:urne&:b&c&aqmlefsQRLS}m l@a‘qamt:amceluafeq @.NM8t hod 300
to determ n?%? pr.edi g g C(g ﬂld t hus bl Oﬁ{f 8 i s. shown dasql;l ed,
accor di ngl y P91 GFTraiR 4,24 BSPEe I8 PRUEFTHY B RS E ¥KPT FIO8ET HFoPiddedp
that the progasSq340 Py (MSES epedset hiimRaekt prodgiteiatied i patcns! hed
At for continuous Leedback to 3 transmtter [0033] FIG 4

i | | ustrat es MiHoMA% %\‘ﬁ%‘r‘%ﬁ%@ 6 t¢ HigtfollyinB eTHEPST mi ne and utilize a
predi ctive channel quality indicator in accordance with the present

di sclosure. It is noted that apparatus 400 may constltgte a user

devi ce, base stati MSE Grievcorget(Ifr déesBarQlear(bt AD) appl i cabl &)
har dwar e/ sof tware/firmvare for use in a conmunication system As
illustrated, the apparatus 400 includes a central data bus 402, or
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include a Cp}flfe{'ence tbetween e ezs 1918214 pre g’tﬁrgré(bjls % 860(? p,cdlmd (t + At)) and the
actual CQI (i.e.,, D_CQI(t+ At)). As those skilled in the art will appreciate, this results
in a simple optimization problem that can be solved using the least squares technique.
[0028] In yet a further aspect, the proposed CQI estimator can be made unbiased by
infinitc impulsc responsc (IIR) filtering the difference of D_CQI (c.g., D_CQI(t)) and
the predicted D_CQI (e.g., D_CQlpredicied} according to following relationship:

unbiased D_CQlpagiciea(t + A) = D_CQI(t + At) + Filter [D_CQI(t) - D_CQI(t+AL)]. (4)

[0029] FIG. 3 illustrates flow chart of a basic method that is utilized for the determining

a predictive CQI for a delayed receiver. After initialization, method 300 includes block



8 Processing Unit) or a controller 404, receiver circuits 406, and a
menory unit 408" which may all conmunicate via bus 402. [0034] The
receiver circuits 406 further include a Non-delayed CQ Mdule 412,
which is ERYP%¥EHEE ai n the non-del ayed CQL val ues (e. §CTURBO#HGEI12,5
di scussed previously, such as froma hon- del ayed receiver (not shown
explicitly) that is also part of the receiver circuits 406. Receiver
circuits 406 al so includes a Delayed CQ WMdul e 414 that obtains

del ayed CQ 3Qaivhers af lsag one frsCHanndioality hrelichédray defenmanssd foam a fadt seceivet.
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circuit. Thérexkmpelanylifyondicaersind shectt last doesedond qualon clabel indieator. The
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408 can be made_ of ot h?r circuit types, such as an EEPROM
(El ectri cal PYe rihe P lesdigpspiaive: Read Only Menory), an EPROM

(El ectrical [(gsInaenmbipeedRead COTliY cAYBIREY In biBckEY, (RaasdhENM oY dMRARR M),
an ASIC (Application Specific Integrated Crcuit), a magnetic di sk,
an optical ¢hiskaluafdic-o0109ens evnpoteder p @adigblae timedi h AlelAccRidaigty, iaheush

art. V0 200Ria Mol UrA0RABZAGS o 0O Bfticlds CO1 HOAGERLRES if gk

the specific order or hierarchy of steps In e processes di sclose
i s an exanphyiolly ex &epbak yo apprsoaicdrds:, siBase trangpoticrdd §ing theprahple o EES,
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present di séd ésstfrenclh@redictive CQI, and thus block 308 is shown dashed, accordingly. Tt will
also be appreciated by those skilled in the art that the process 300 may be repeated for
each incremented time period At for continuous feedback to a transmitter.
[0033] FIG. 4 illustrates another apparatus 400 that may be determine and utilize a
predictive channel quality indicator in accordance with the present disclosure. It is
noted that apparatus 400 may constitute a user device, base station, one or more
processors, or other applicable hardware/software/firmware for use in a communication
system. As illustrated, the apparatus 400 includes a central data bus 402, or similar

device for linking several circuits together. The circuits include a CPU (Central



acconpanyi ng nethod cl ai ns present elenments of the various steps in a
sanpl e order, and are not neant to be limted to the specific or der
or hi erarch%; &Besent ed. 100391 Those skilled in the art
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(Application Specific Integrated Circuit), a magnetic disk, an optical disk, and other

computer-readable media well known in the art.



WD 2008/ 134719PCT/ US2008/ 062012 11 reproduce data magnetically, while
di scs repr oduce data optically with | asers. Conbinations of the above
shoul d aI ncl uded within the scope of conputer-readabl e ned

[ 0044] Th % €Y described above ay e nerely exenpl ar"%}“&lﬁa"“%’ﬂﬁ&&’é
skilled in the art may now nake nunerous uses of, and departures
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generic pri pl of her
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follow ng c
predictive dhammsl beuefcrdnged midbughvor thet hisowreddsadbtoanmey shcngfprcscnth by

deterni nin | east _one first c annel ual it dicator from.a.first
Fecel ver. of vl Erst ssireEueehs e highpe icldsor SRR esr el s
| east one sg&qaies Q;ha;wm]ﬂlmbhfthérédﬂdl cator froma second receiver of
the wirel ess device at._a second tinme, wherein the second tine is

di fferent t HAA0Tt Faoseikied i the art xld further appeegiaseiihat tha gamave flb%sgaﬁl‘@tlp@léal

channel quabjqtys, 'rﬁg&ﬁét Qirchild, 04N 5 oiflfﬁﬁf:ts{eﬁ.f) Rbcrle At cbib @% onOW?th
t he at n

first channel quality Indicator an east one seco channe
qual i ty i ndewhediments disclosed herein may be implemented as electronic hardware, computer

software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits,
means, and steps have been described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or software depends upon the
particular application and design constraints imposed on the overall system. Those
skilled in the art may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.

[0041]1 The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a ficld programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
hercin. A gencral purposc processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, c.g., a combination of a DSP and a microprocessor, a plurality of



2. The nethod as defined in claiml1l, wherein a plurality of first
channel quality indicators are determ ned and each of the plurality

et i nod i WOPEPIHE® Wner ain the 17t recel ver is a noRCUURAJEIRE °°

receiver. 4. The nethod as deflloned in claim3, wherein the
non-del ayed receiver is a rake receiver. 5. The nethod as
defined in claim1l1, wherein the second receiver is a dela

recei ver. MICIOPTOGESSOTRHONFEON Hede HECTHRPFIFERSS ith CUY HICHP S Wlw@elg%ﬁ’ ROIChe any

del ayed recgj h ﬁﬁ eqial i zer. 7. The nethod as defined in
claiml, V\hgr\é%nuct Eo rs%d receiver is a rake receiver and the second
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form of storage medium known in the art. An exemplary storage medium (not shown)
may be coupled to the processor such the processor can read information from, and
write information to, the storage medium. In the alternative, the storage medium may
be integral to the processor. The processor and the storage medium may reside in an
ASIC. The ASIC may reside in a user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a user terminal.

[0043] In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually



one the plurality of first channel quality indicators conprising a
non-del ayed CQ at tinme t, and a, b, and c conprise predeterm ned
const ant 9. The nethod as defined in clg| in
t he funct:(gﬂr)ﬁ@gfrlr%;ﬁlwses DCQ(t + At )1 = D CA(t) +c (%E%%%‘)%ﬁ
ND CQ (t+ At)) where D CQ (t + At) is the predictive CQ at a
time t + At, D CQ(t) is the at |east one second quality channel
i ndi cat or conprj si previous delayed CQ at tinme t, ND CQ(t + At)
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accorded the widest scope consistent with the principles and novel features disclosed

herein, It is noted that the word “exemplary” is used exclusively herein to mean
“serving as an example, instance, or illustration.” Any example described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
examples. Accordingly, the novel aspects described herein are to be defined solely by

the scope of the following claims.



12. The apparatus as defined in claim 10, wherein the first receiver
is a non-del ayed receiver. 13. The apparatus as defined in
claim 12, wherein the non-del ayed receiver is a rake receiver.

14. The apparatus as defined in claim110, wherein the second receiver
is a del ayed receiver. 14 15. Zhe apparatus as defined in
claim 14, wherein the del ayed receiver is an equali zer. 16.
The apparatus as defined in cIain13§PAﬁg§rein the first receiver is a
rake receiver and the second recei an equali zer. 17. The
apparatus as defined in claim210, wherein the function conprises:

DCQ(t + At) = a t) .+ b ND.COL(t + At) + c N U)o ]
where D CQ (t '+ At %%‘%%%f%r SRR ﬂceredace')vs et P,ndlﬁi‘é@l te)
is the atpmdiRa@blondfiRingecond qual ity channel indicator conprising a
previ ous del ayed at tine t, NDCQ(t + At) is one the plurality
of first channel q aqewwmgrﬁdi%w#&’irﬁ@%vm&bq tainfigptot Eprnpeiirsaepeivir

time t + At, NP, CRAL) dlicARAdg iphe the plurality of first channel

gual ity indicators conprising a non-delayed CQ at tine t, and a, b,
and c conprise predetsnimnged leshshasdcondchmmel quality indk8tor Tioen a second

apparatus as qgge%v%?%f itﬂe (%xlfit%- ersr,]s %%Vicm?raegegortup %n’fey r\lr%te;‘e?nn ﬂ‘?eogg?:[)lil %?n:e is
different than the first time; and
calculating the predictive channel quality indicator through a function of
the at least one first channel quality indicator and the at least one second channel
quality indicator.

2. The method as defined in claim 1, wherein a plurality of first channel
quality indicators are determined and each of the plurality occur at respective different
points in time.

3. The method as defined in claim 1, wherein the first receiver is a non-
delayed receiver.

4, The method as defined in claim 3, wherein the non-delayed receiver is a
rake receiver.

5. The method as defined in claim 1, wherein the second receiver is a

delayed receiver.

6. The method as defined in claim 5, wherein the delayed receiver is an
equalizer.
7. The method as defined in claim 1, wherein the first receiver is a rake

receiver and the second receiver is an equalizer.
8. The method as defined in claim 1, wherein the function comprises:
D_CQI(t+Aty=aD_CQI(t) + b ND_CQI(t + At) + ¢ ND_CQI(t)
where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is
the at least one second quality channel indicator comprising a previous delayed
CQI at time t, ND _CQI(t + At) is one the plurality of first channel quality
indicators comprising a non-delayed CQI at time t + At, ND_CQI(t) is another



DCQ(t + At) =D CQ(t) +c (NDCQ(t ) - NDCQL(t+ At)) wher e
D CQL(t + At) is the predictive CQL at atinet + At, DCQ(t) is the
at | east one second quality channel indicator conprising a previous
delayed CQ at time t, NDCQ(t + At) is one the plurality of first
channel quality indicators conprisingl® non-del ayed CQL at tine t +
At, ND CQL(t) is another one the plurality of first channel quality
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first channel WRIGAQHE FOMALFES edos-defayedi S abitmedt Hid M%Ktstlﬁémthef

plurality occyheate ﬂlﬁ%gﬁ%f ifﬂﬁlcﬂﬁﬂeﬁg@aﬁ‘i&%ﬂgicmo% éo%p#rfsfﬂg-a non-de_layeg t_QX

The apparatus as defin inclaiml erein the'first receiver is a

non- del ayed r etdingérand c comprised2 prafetermpisd constant sgluelef i ned in claim
21, wherein t q% no'knd%pgya%js fo?%%tie}*/rg{nirggsa ?)‘rerdi?c‘:lﬁ%e s a(l:n%ielvc%a'lity indicator, the
apparatus comprising:
at least one processor configured to:
determine at least one first channel quality indicator from a first
receiver of a wireless device at a first time;
determine at least one second quality channel indicator from a
second receiver of the wireless device at a second time, wherein the
second time is different than the first time; and
calculate the predictive channel quality indicator through a
function of the at least one first channel quality indicator and the at least
one second quality channel indicator; and
a memory coupled to the at least one processor.

11.  The apparatus as defined in claim 10, wherein a plurality of first channel
quality indicators are determined and each of the plurality occur at respective different
points in time.

12. The apparatus as defined in claim 10, wherein the first receiver is a non-
delayed receiver.

13.  The apparatus as defined in claim 12, wherein the non-delayed receiver 1s
a rake receiver.

14.  The apparatus as defined in claim 10, wherein the second receiver is a

delayed receiver.



23. The apparatus as defined in claim19, wherein the second receiver

is a del ayed receiver. 24. The apparatus as defined in claim
23, wherein the del ayed receiver is an equalizer. 25. The
apparatus as defined in claim19, wherein the first receiver is a
rake receiver and the second receiverl4s an equali zer. 26. The

apparatus as defined in claim19, wherein the function conprises: D

t At = D t b N .t At ND t } wh
200 (¢ AUl 18 Tt bt o et i plei tay dinrelt hg Aol geepiyen R o

at | east gugizecond quality channel indicator conprising a previous

delayed CQ at tinme t, ND CQ(t + At) is one the plurality of first
channel qual i tif- i ndihe app¥ue shpelingd iy cimdA. Beraipele Syt rageiver fea fake
At, ND_CQLLE)erbSg BRALREH r&@ﬁggg%nggwg%&{ty of first channel quality

i ndi cators conprising a non- aye at time t, and a, b, and c
conpri se predéfier nilhedpmorss sniciived wedaim 10, where@ithe Thnetiappenaises as

defined in claim1l reln_t t,i,00n.-C i,Sges: + At) =
DCQ(t) + c (ND_C%{#&B%J’-%E‘)_%%‘?@RB&WD—%@& +v6ﬁz?é?%§(9 + A
is the predictive GRbreald @Ql(t FRALY istth&predRtIGRICQ]) atiaSirhd€+akt, Deagli(tore
second qual ity channel indicator conprising a previous del ayed@gg{etiat
y

time t, ND_CQUpgaldeay onp secorg qupEy sharngt fndal PMPEPing HaiREPIGLEI
i ndi cators compsi i ffhed, @9 -EGIEYCAN TS orRl the! fBrality*of Mirst NRafefeh (qhublidyS

anot her one the plurali fy_ of Tirst channel quality indicators
conprising a nodicaters apegrigay aatontdetayed CQUrad tienectohpvti 93 _GRI(Y) is another

pr edet er m ned Cost ANt Al cpannd qu 80, i SRTPHLELLRLOTL M BE QFUE:

S ) one (e p ura%i‘%/ (
conpri si ng: non-transi ry conputer-r a ne m conpri si ng.

at time t, and a, b, and ¢ comprise predetermined constant values.
18.  The apparatus as defined in claim 10, wherein the function comprises:

D CQI(t+ Aty=D_CQI(t) + ¢ (ND_CQI(t) - ND_CQI(t+ At))

where D_CQI(t + At) is the predictive CQI at a time t + At, D_COQI(t) is
the at least one second quality channel indicator comprising a previous delayed
CQI at time t, ND_CQI(t + At) is one the plurality of first channel quality
indicators comprising a non-delayed CQI at time t + At, ND_CQI(t) is another
one the plurality of first channel quality indicators comprising a non-delayed CQI
at time t, and ¢ comprises a predetermined constant value.
19. An apparatus for determining a predictive channel quality indicator, the

apparatus comprising:

means for determining at least one first channel quality indicator from a
first receiver of a wireless device at a first time;

means for determining at least one second quality channel indicator from a
second receiver of the wireless device at a second time, wherein the second time
is different than the first time; and

means for calculating the predictive channel quality indicator through a
function of the at least one first channel quality indicator and the at least one

second quality channel indicator.



16 code for causing a conputer to determ ne at |east one first
channel quality indicator froma first receiver of a wireless device
at a first tine; code for causing a conputer to determ ne at

| east one second quality channel indicator froma second receiver of
the wirel ess device at a second tine, %wherein the second tine is
different than the first tinme; and code for causing a conputer

to cal cul ate 5Be predi ctive ch&gpel

-qual ity indicataor t.hr h
function of tHe at TeARRHEHR |r§Fdé g%ﬁ%ﬁ¥uﬁa?F?f‘@Hﬁﬂgaﬁﬁgs%%&“?ﬂe

at | east quakgtysadiosdrsgid@detsmiabbametachnditb@pRitality occur a2 %espddii@e iffgaerter
program product as defined in claim28, wherein a plurality of first
channel @4 ¥ di cators are deternined and each of the plurality

occur at respegtivepd iaﬁﬁe@ﬁtﬁ@ﬁs B3l $n bRirh 119Bwherein the Bt rdcdfyef QMPHLT
program product as defined in claim28, wherein the first receiver is

a non- deldglpeed reseigdver . 31. The conputer program product as

defined in clghm 3%?‘9‘@;?&&119&&%@&’5}{ A8l 2Y AL SGEIYEonl R1fed BSGiver is
receiver. 32.7 " The conput er pr ogram product " as deried” 1 dFam
28, wher aimkd kecis@cond receiver is a del ayed receiver. 33. The

conmput er program product as defiped in claim32, wherein the del ayed
receiver is aﬁgequgﬁfsf@mﬁm a5 detfped rﬁh@alabﬁgfrﬁﬁﬂgmaﬁe JeIoPHECFYFT df i m

28, wher gjehytdgctivEst receiver is a rake receiver and the second

receiver is an equalizer. _ _ _ _
24.  The apparatus as defined in claim 23, wherein the delayed receiver is an

equalizer.
25. The apparatus as defined in claim 19, wherein the first receiver is a rake
receiver and the second receiver is an equalizer.

26.  The apparatus as defined in claim 19, wherein the function comprises:

D CQI(t+ A)y=a D CQI(t)+ b ND_CQI(t+ At) + ¢ ND_CQI(t)

where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is
the at least one second quality channel indicator comprising a previous delayed
CQI at time t, ND_CQI(t + At) is one the plurality of first channel quality
indicators comprising a non-delayed CQI at time t + At, ND_COQI(t) is another
one the plurality of first channel quality indicators comprising a non-delayed CQI
at time t, and a, b, and ¢ comprise predetermined constant values.
27.  The apparatus as defined in claim 19, wherein the function comprises:

D CQI(t+ At)=D_CQI(t) + ¢ (ND_CQI(t) - ND_CQI(t+ At))

where D_CQI( + At) is the predictive CQI at a time t + At, D_COQI(Y) is
the at least one second quality channel indicator comprising a previous delayed
CQI at time t, ND_CQI(t + At) is one the plurality of first channel quality
indicators comprising a non-delayed CQI at time t + At, ND _CQI{(t) is another
one the plurality of first channel quality indicators comprising a non-delayed CQI
at time t, and ¢ comprises a predetermined constant value.
28. A computer program product, comprising:

non-transitory computer-readable medium comprising:



35. The conputer program product as defined in claim28, wherein the
code for causing a conputer to calculate the predictive channel
quality indicator further includes effecting the function: D CQL(t +

At) = a D CQL(t) + b ND CQL(t + At) + ¢ ND CQL(t) where D _CQL(t
+ At) is the predictive CQL at a timel + At, D CQL(t) is the at
| east one second quality channel indicator conprising a previous

delayed CQ at tine t IS onethe L f first
channel quality indi cator%eq(%)ér%]rsfn ac)omé’u%e(grtlo I"élmedéltclfﬂsl[ fSt Chafmqfl

At, ND_CQ (t) is anoilhgindiaertiom @ﬁtlsk adceitvyr cﬁfa »fureﬂess deviagmel firgitahd;t vy
|nd| cators conprising a non-del ayed CQ at ti ns .and 3 b, and c
conprise predetermned € forfauging (e Sompyier g deiRaning Bhifast op¢ SR

product as defined hﬁht? bRdnM128dichef&h R sEaﬁld(‘rQ&?vet" B the IHRIRY dvice at a
conputer to calculate the predictive channel quality indicator

further includes ef¢csodiimg. vheenthesdcond time GQifferent thar the (ipt Gole( ad + ¢

(ND_CQ (t ) - ND_CQ(t+ é{e) ?or '&ausuﬁg %@u%&?@cﬁfcuia{éﬁk)& ?d&ln% channel

predictive CQL at a tine one second
qual ity channel i ndugay drdieenmlidosging fimcpsreyi hel st ldadk ayceﬂlsC@lanaél qluhlnes

|t1nd:\|([:)atct()glrgt C(J)rrréﬁl)s: z gag‘gﬁtﬁaﬁ"tfg{t%&@%C%gggﬁélﬁicﬁag CAPS m%ﬂal I t(t) is

anot her one the pl %el:bwutelf p&bfaﬁi proB@N A Hertdalih EMinh lel&l@élaﬁ% plurality

conpri si n% non- del ayed Cr?aéc time t, ﬁgg arcld%(ggrprl ses a

pr edet er ralf&dt elpmelagualifn ators are determi h of the plurality occur at
respective different points in time.

30.  The computer program product as defined in claim 28, wherein the first
receiver is a non-delayed receiver.

31.  The computer program product as defined in claim 30, wherein the non-
delayed receiver is a rake receiver.

32.  The computer program product as defined in claim 28, wherein the second
receiver is a delayed receiver.

33.  The computer program product as defined in claim 32, wherein the
delayed receiver is an equalizer.

34.  The apparatus as defined in claim 28, wherein the first receiver is a rake
receiver and the second receiver is an equalizer.

35. The computer program product as defined in claim 28, wherein the code
for causing a computer to calculate the predictive channel quality indicator further
includes effecting the function:

D CQI(t+ Aty=a D _CQI{t) + b ND_CQI(t + At) + ¢ ND_CQI(t)
where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is
the at least one second quality channe! indicator comprising a previous delayed

CQI at time t, ND CQI(t + At) is one the plurality of first channel quality

indicators comprising a non-delayed CQI at time t + At, ND_CQI(t) is another

one the plurality of first channel quality indicators comprising a non-delayed CQI

at time t, and a, b, and ¢ comprise predetermined constant values.
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36.  The computer program product as defined in claim 28, wherein the code
for causing a computer to calculate the predictive channel quality indicator further
includes effecting the function:

D _CQI(t+ At)y=D_CQI(t) + ¢ (ND_CQI{t) - ND_CQI(t+ At))
where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is
the at least one second quality channel indicator comprising a previous delayed

CQI at time t, ND_CQI(t + At) is one the plurality of first channel quality

indicators comprising a non-delayed CQI at time t + At, ND_CQI(t) is another

one the plurality of first channel quality indicators comprising a non-delayed CQI

at time t, and ¢ comprises a predetermined constant value.



