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be "out of range" whi ch neans that no transport bl ock can be sel ected due

to bad chanrBACKGRPUND 2 cQ value of 31 is not explicitly specified but
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In HSDPA systems, the UE (User Equipment) reports the Channel Quality Indicator

15  (CQI) through uplink HS-DPCCH (High Speed Downlink Physical Control Channel) to
the RBS (Radio Base station), for which a single HS-PDSCH (High Speed Physical
Downlink Shared Channel) sub-frame formatted with the transport block size, number
of HS-PDSCH codes and modulation corresponding to the reported or lower CQl value
could be received, and for which the transport block error probability would not exceed

20  10%, see 3GPP TS 25.214, v 5.11.0, “Physical layer procedures (FDD)".

In 3GPP Release 5, five bits are used to report the CQl, resulting in a CQI value range
of [0, 31), where there is a one decibel resolution, see 3GPP TS 25.212 v6.9.0,
"Multiplexing and channel coding (FDD)". Among these CQlI values, a CQl value of “0"

25 s specified to be “out of range”, which means that no transport block can be selected
due to bad channel quality; a CQI value of 31 is not explicitly specified but in one
Ericsson contribution, 3GPP R1-02-0675, Ericsson, Motorola, “Revised CQl proposal”,
Paris, France, April 9 ~12, 2002, the CQlI value of “31" is stated to be reserved.

30  For the purpose of CQI reporting, the UE shall assume a total received HS-PDSCH

power as
Piseosc = Fepicy +T+A IndB - (1)

where the total received power is evenly distributed among the HS-PDSCH codes of
the reported CQI value, the measurement power offset is signaled by higher layers and

35 the reference power adjustment A depends on the UE category, see 3GPP TS 25.214,
v 5.11.0, “Physical layer procedures (FDD)". The power offset I' is defined as the



35 the reference power adjustnment A depends on the UE category, see 3GPP TS
25.214, v 5.11.0, "Physical |ayer procedures (FDD)''. The power offset r is
defined as the 2 transmt power of HS-PDSCH divided by the transmt power
of CP1CH (Conmon Pilot Channel) in the linear scale; or on the dB scale: F
= transmt power of HS-PDSCH - transmt power of CPICH 5f- can preferably
be set as a configurable paraneter and can be configured by operators.
Therefore, UEs actually assune that SIR= SIRencl| +1-1+ A In dB(2) 10The
mappi ng between the HS-PDSCH SIR (signa to interference ratio) and CQ
behind the current 3GPP design is that CQ = 4.5 + 3/./2psoi in dB(3) where

SIR nmeans t hgndat weH@HDé‘zGds@%vxwde QH@mtﬁMeﬂWCHQ@OhﬁUR@W

codes, see 3GPP R1-02-0675, Ericsso "Revi se posal "
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t aki ng t he Gghsmiaggyer pOCPIBB|. i nto account, the reportabl e Sl RasposcH val ue
in the dB scale is calculated and has a range of [--4 5 25.5] dB. Any SIR
value smaller than -4.5 dBis reported as a CQ e of "0" and SIR

20val uesSgr EXERPreférably Pes® agR &P qr%?%f@@*&sa@@Qxbe\ﬁanfl%lfe(s*fbV'3o" Thus, it
i's inportanipé@ionpte that the factor of 4.5 in equation (3) is not a

scal i ng factor Rather, it is an offset added to the SIR such that the CQ
is reported in a range that starts at 0 and not -4.5. 3GPP TSG RAN has
approved t h&@hSkefaedifsigstuatinassomeSuadpe of future FDD HSPA 25Evol ution". One
way to achieve higher peaky#data rajgﬁemcﬂ +tle+|An;1rdgduc(§) hi gher - or der

HS-PDSCH
10  The mapping between the HS-PDSCH SIR (signal to interference ratic) and CQlI
bahind the current 3GPP design is that
COI = 4.5+ SIR yo_ppgeyy INdB (3)
where SIR means the total HS-DSCH SIR, summed over the number of HS-PDSCH
codes, see 3GPP R1-02-0675, Ericsson, Motorola, "Revised CQl proposal”, Paris
15  France, Aprit 9 ~12, 2002.

According to equation (3) above and taking the CQI range [0, 30] into account, the
reportable SIRys.poscH value in the dB scale is calculated and has a range of [-4.5,
25.5] dB. Any SIR value smaller than —4.5 dB is reported as a CQI value of “0" and SIR
20  values greater than 26.5 dB are reported as a CQl value of “30". Thus, it is important
to note that the factor of 4.5 in equation (3) is not a scaling factor. Rather, it is an offset
added to the SIR such that the CQl is reported in a range that starts at 0 and not-4.5.

3GPP TSG RAN has approved the Sl description on "Scope of future FDD HSPA
25  Evolution”. One way to achleve higher peak data rates is to introduce higher-order
modulation (64QAM/16QAM) for HSDPA/HSUPA (High Speed Downlink Packet
Access/HiQh Speed Uplink Packet Access). However, the 64QAM (Quadrature
Amplitude Modulation) modulation scheme normally requires a very good channel
quality, e.g. above 25 dB SIRus.poscn if 15 codes are available, see Figures 1a and 1b.
30
Figure 1a is a graph showing bit rate versus SIR switch point, for QPSK towards the
left of the graph and 16QAM towards the right of the graph (i.e. higher SIR switch
point). Also shown on the graph are 16 variations showing the effect of changing the



nodul ati on (640AM 16QAM) for HSDPA/ HSUPA (H gh Speed Downl i nk Packet

Access/ Hi gh Speed Uplink Packet Access). However, the 640AM (Quadrature
Anpl i tude Modul ation) nodul ati on schene nornmally requires a very good
channel quality, e.g. above 25 dB Sl Res-posce if 15 codes are avail abl e,
see Figures la and 1 b. 30 Figure is is a graph showing bit rate versus SIR
swtch point, for QPSK towards the left of the graph and 16QAM t owards the
right of the graph (i.e. higher SIR switch point). Al so shown on the graph
are 15 variations showi ng the effect of %hangi ng the 3 nunber of

channel i zation codes from1l (at the bottom i.e. relativel 3{) Iow bit rate)
to 15 (at t Hwmhspof ghapnelizgtioatcodes ormit ¢at the botiogt &§- relrfivili 'awibl rate) h1é same
graph as shqanhk fogi.@ueatives h@uﬁ.t mtd)h the plots extended to 5show 640AM on
the right- and uppernost portion S|de of the graph (i.e. highest SIR switch
poi nt and highest bit rate). As described in the foregoing, in Release 5,

SI R val ues dfigateb it thana@dsé ghaptBs\whown berigep oa tetiwilsthe PG extatded tof 30. From
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some | arge mstc(\wah@pidmhesi kitete). cannot be sel ected and the peak rate (-22
Mops) cannot be reached. SUMVARY 15 This invention disclosure proposes

sol utions for reporting after t ch is

i nt roduced .%ﬁ%%@ﬁﬂ mﬁ*}?é‘gr 9Pt BSP?@S? Q&H@BW Efﬁégﬁg‘f ?.g& éﬁGYVh ®cost and

the need of rB&%&dsqsecml \elel @130C IFaang Eigur th, Acembeiseen2batcier diroducing one

aspect, fhe pf 3 v [YCRELE 5!8 %l@k%ﬁe%@anQS th e#n@rt §b(ﬁ9é1%é)5'fent for
Wi ua

measuring the 1 nstant an ous anne cator (CQ), and
reporting tH8o rr@étsauww@d VOE large (THe TféﬂW@'M@W%P@f@rse&c&é’@”ﬁﬁ%ﬂ’%ﬁkl on,

such as 64 Qé{\g(~§@mbp§) déﬁ@&{bgqgadﬁ.ganl ink data transm ssion. The nethod

conprises the steps of: - deriving a true CQ based upon at |east one
network controll ed paraneter and a
SUMMARY
15

This invention disclosure proposes solutions for CQI reporting after the new modulation
scheme (64QAM) is introduced into 3GPP. These solutions take both the CQI signaling
cost and the need of 3GPP specification change into account.

20  According to one aspect, the present invention relates to a method in a user equipment
for measuring the instantaneous downlink channel quality indicator (CQl), and reporting
the measured CQ! to the network when higher order modulation, such as 64 QAM, can
be used for downlink data transmission. The method comprises the steps of:

- deriving a true CQI based upon at least one network controlled parameter and a

25 measured channel quality parameter;

- scaling said true CQI value to a new CQlI value such that the new CQI will fall within a
specified range of CQl values;

- reporting the new CQI achieved by scaling the derived CQI value in order to report
every CQl value with the same number of bits over the entire reporting range.

30
According to a preferred embodiment, the invention is applied in an HSDPA CDMA
system. However, the invention is also applicable to other systems such as E-UTRAN
in LTE.

35 According to another aspect, the invention relates to a method in a base station of

receiving the downlink channel quality indicator (CQI) from the user equipment and



25measured channel quality paraneter; - scaling said true CQ value to a
new CQ value such that the new CQ wll fall within a specified range of
CQ values; - reporting the new CQ achieved by scaling the derived CQ
value in order to report every CQ value with the sane nunber of bits over
the entire reporting range. 30 According to a preferred enbodi nent, the
invention is applied in an HSDPA COVA system However, the invention is

al so applicable to other systems such as, E-UTRAN in LTE. 35According to
anot her aspect, the invention relates to a rret hod in a base stati on of
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equi pnent on 't ived true 0 yet anot her aspect, the
i nvention rehadedveddrug Gt hod in a base station of receiving downlink
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recei ved CQ e able t trans t dat an i f, necessary usi n
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system According to yet another e |nve | at es to a met hod
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paramet er s tsgréfEahisdthahgeeinuiseedovetjok pneemt! qualiger i ving CQl . Sai d met hod
conprises: 20- configuring the user equipnent with at |east two different
power offset values to be used by the user gw pment to derive the CQ and
i n additi on Adcoriingds sarsfermedembadimentt thguedeivga (6 inidsed frdianpiEine data on a
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According to yet another aspect, the invention relates to a method in a radio network

controller of configuring a user equipment with parameters to assist the user equipment

in deriving CQI. Said method comprises:

20 - configuring the user equipment with at least two different power offset values to be
used by the user equipment to derive the CQIl and in addition if necessary also,
- configuring the user equipment with a threshold value () to trigger which power offset

value to be used by the user equipment.

25  Preferably, the larger power offset is configured to be used by the user equipment to
report the CQI when the derived CQl is less than the specified threshold or the
configured threshold (u), otherwise the smaller power offset is configured to be used by

the user equipment to report the CQl.

30  According to yet another aspect, the invention relates to a method in a radio network
controller of receiving the downlink channel quality measurements and signaling to the
base station the configured power offset, which is currently used by the user equipment
to derive the CQI and report the derived CQI to the base station. The method
comprises

35 - configuring an event at the base station to indicate significant change in CQl

statistics.



25Preferably, the |arger power offset is configured to be used by the user
equi pnent to report the CQ when the derived CQ is less than the specified
threshold or the configured threshold (p), otherwi se the smaller power
offset is configured to be used by the user equipnment to report the CQ.
30According to yet another aspect, the invention relates to a nethod in a
radi o network controller of receiving the dowlink channel quality
measurenents and signaling to the base station the configured power offset,
which is currently used by the user equipnment to derive the CQ and report
the derived CQ to the base station. The nethod conprises 35- configuring
an event at tW@awagén%P§¥W6W“k%ePW%VEﬁF@e%PbﬁWﬁPE%ﬂ@“%hange in CQ

statistics. -fconfig8G® té ag«vamdfsetrﬁtﬂreprs@teqlgprﬁmlfaumtsanyeported b_y the base

station. - reconfl in ower t he, us. poent

necessary. - SPYH3 #ﬁde%ﬁ‘hgtfﬁé‘g%‘ﬁr ?%tg &\53\17@?9 SPHLE 'f{hecg% g%%téog “é% ation
lithe reconfd@mﬁaﬂmammema$MMMQﬁ.at the user equi pnent. The foregoing and

ot her objects, features and advantages of the invention will be apparent
fromthe ollomnng detail ed description of preferred enbodi nents BRI EF
DESCRI PTI ON €= fPrEonmang Ribsr fhiecls deatirgs and afyentaces st thairwenfiop Wikke vs. SIR
SW t ch poi nt appMiéit @oflithd RIGMhg BBEIEPIdsEribticR Bepreferrad embbdimeatsed in the
figure and frombottomto top there are 15 dotted |ines representing the
nunber of channelization codes from1l code to 15 codes. 15Figure 2
illustrates PRBIEF DESGRWITIGN OFSTHEEDBAWINGSI cat i ons network according to the

present jnvention. Figure 3 illustrates a change in scaling factor with
variation in SIR 20Flgure 4 is a flowchart illustrating a method in
accor dance wrighreariagapaetiugfate hidrateve SR switchmaiirwhese difergnt mediiadioar t

i1l ustratingsghehids bhehdisRENRANE ig 26 6RE HEM RN tditop theré BRCTS difttet NGes

i nvention.
representing the number of channelization codes from 1 code to 15 codes.

15  Figure 2 illustrates part of a wireless telecommunications network according to the

present invention.
Figure 3 illustrates a change in scaling factor with variation in SIR.

20 Figure 4 is a flow chart illustrating a method in accordance with an aspect of the

invention.

Figure 5 is a flow chart illustrating a further method in accordance with an aspect of the

invention.
25
DETA!LED DESCRIPTION
Figure 2 illustrates part of a wireless telecommunications network 10 according to the
present invention.
30

The telecommunications network 10 comprises at least one radio base station 20
(alternatively called a network node, node B, or any other name familiar to those skilled
in the art). The transmission area 30 of the radio base station 20 is shown as a
hexagon surrounding the base station; this transmission area 30 is commonly referred
35 to as a cell. Only one base station and its associated cell are shown for convenience; it

will be appreciated that the network 10 wiil typically comprise many such base stations



25 DETAI LED DESCRI PTION Figure 2 illustrates part of a wireless

t el ecommuni cati ons network 10 according to the present invention. 30 The

t el econmuni cati ons network 10 conprises at | east one radi o base station 20
(alternatively called a network node, node B, or any other name famliar to
those skilled in the art). The transm ssion area 30 of the radi o base
station 20 is shown as a hexagon surrounding the base station; this

transm ssion area 30 is conmonly referreél 35to as a cell. Only one base
station and its assom ated cell are showh for convenience; it will be
appr eci at ed t hat tvvork 1 C ri se suc ase
bt Tone 6 amirettl relehRis 40 Pho ieetdiyS Bandy PuPEERELVRLY 18 Gl sl

equi prrent s) neiceibe tadshesstomk frodithe basd stetidnr2nsming or o ¢arders tdnd sbag thegt at i on

20 on one or »gg(r&ﬁ%%swn%igk t%”?ﬁ’e l?%%)dst%@ﬁ'zb R"X@retrfe%pérl?‘(éﬁiélﬁﬁu back to the

base station ommuni catron Wwth the base
station 20, <wmnywéationwih melbagqae&aawa@]cgﬂtrqlﬁ@ve\ﬁ%ltqmratloqef thg Tpwogot® net wor k

50 Conpr'§esTh@éB?@Q&koﬂt%%ronkhbé@§moﬁg§t%g'lepthﬂ%fsVprraﬁlo%ﬂwrk)bérﬁfolléﬂ\lc) 35.
Those skilled in the art will appreciate that many el enents of the network

10 have been(RN)t%ed for cl ar| ty. The operation of the base station 20 and
the user equipnents 40, in 10part| cular, is described in further detail

Eﬁlr ?\év'nt AS_SH io%&htf]((iﬁr IBérgeaS Wi talf)gr%&ta% %henc’l%n%lse [ b?s ofqlaé)bl g:lvl\<1i1 tag?g)r(lé end the
[0, 63]. 15T¢mi§e<ﬂ for glagfy mihe opergticmef ttwbaaawtrphéo smempmqn@nm&w@bm CQI

and SIR gs | 5L&Gk ,5@&&95&,%“,@%,59@”9&@@ hand, the CQ cost in terns of

signali ng blts i's increased due to one additional bit for each Cal
reporting, particularly in the MMO (Miultiple Input Miultiple Qutput) case

\gréer et Ih;s*r e Arawa@t&fohbdreeomarstomesed@énﬁw prﬁﬂ@dﬁ i§ @RAtehi Mg: cm@m;@fbn berto t wo
s W the third, one is used for a
20convent i oneﬁ §%Héi%g ‘@%Aqb%?ﬁﬁﬂ% ‘ﬂ%&&#‘?' rﬁnget%fzb'e(sgl'ended CQ range of [40,

60] will actually not make nuch sense since the highest required

SI RHS- PLCH ﬂ@{}er ggma@\sva}%n%é#uéétge@%e%apﬁublbeavega@%ﬁ aﬁ&‘@ﬂﬁé@?\l\é@ﬁpl ust

about 34 dB. ext ensi on of
actual |y notR?‘%ﬂsﬁﬁ ek 1hé|°§Wf h§nqﬂthq FQRbepst in terms of signaling bits is mcreased due

to one additional bit for each CQI reporting, particularly in the MIMO (Multiple input
Multiple Output) case where there may be three CQls needed for each reporting.
Among them, two CQIs will be used for two streams while the third one is used for a

20  conventional single stream. In addition, the extended CQI range of [40, 60] will actually
not make much sense since the highest required SIRus.ppscw for the max TB with 15
channelization codes and 64QAM is just about 34 dB. Therefore, this one additional bit

extension of CQl is actually not fully efficiently utilized.

25  According to an alternative solution, a scaling factor is used in the derived CQl values
to keep the current reporting range of [0, 30], and the UE reports the scaled CQl to
RBS. This solution will be described in the following three steps:

Step 1: UE derives the true CQIl in the same way as in Release 5, i.e.
30 CQ’true =45+ S!RHS-PDSCH indB (4)

Step 2: UE then applies a scaling factor to the true CQI as calculated in equation (4)
CQ'repéned = factor x (4.5 + S‘RHS-PDSCH) indB (5)

35 For example, a factor of 3/4 can be used to keep CQlponed in the range of [0, 30],
which results in the reported SIRus.ppscy range of [—4.5, 35.5] dB, which is enough for



25According to an alternative solution, a scaling factor is used in the
derived CQ values to keep the current reporting range of [0, 30], and the
UE reports the scaled CQ to RBS. This solution will be described in the
foll owi ng three steps: Step 1: UE derives the true CQ in the sane
way as in Release 5, i.e. 30CQrrue = 4.5 + SIRHs-posck in dB (4) Step 2:
UE then applies a scaling factor to the true CQL as cal cul ated in equation
(4) COreported = factor x (4.5 + Sl RHs-7posch) in dB (5) 7 the case of 15
channel i zati on codes with 640AM where the peak rate of -22 Mps can be

reached. The RBS can _derive the true a reported /

Accor di ng t o F8s& I8 CErMRIZAtiAN 8?1‘3?&?’7'%%49@;’!'%38% E?jq‘ e cﬁég? YPPE4 Qam UEs
coul d be 5spemitfe regkheAsTre KBS tdrederiveieatroent@itasoCRifob RUE. sol ution, the
mapping in a new CQ table can be constructed with a non-constant factor,
i.e. SIR(4.5 + SIRHs-poscH) (Hs-poscH) x COreported = fin dB(5a), 10 where
f ('Sl Rrs- pos oAMjcordingato dtsaiulersipofva it enuatiorats).issney €@hiebleder QAWM Essotigereed SI R
on the Hy POYCHfied. Al ternatively, said non-constant scaling factor can
be a function of the estimted SIR 150on conmon pilot synbols, i.e.
Clreported = f(SIRCFICH) X (4.5 + SIRns-poscH) in dB (5b) According to one
embodi ment , AdefdhediipleviRitalioe oserlsongod, atd @apdiapiac ew COetapsicamaeed Sl R

(SIREi s. pDscH or Sl Repi ¢ in that the derived Cal fits into one of
S0t he. repor (ABFERIH TS han-ighs Bl B 181 L0 AT S H gure 1 the bit
rate is a non- |inea®QfmresEif@iRafodchiex (Hdas BiRedrStHR it dBe. IPRHs- poscH). The
reportedyCQ corresponds

where f(SIRus.poscr) is @ scaling factor that is a function of the estimated SIR on the
HS-PDSCH.

Alternatively, said non-constant scaling factor can be a function of the estimated SIR

15  on common pilot symbols, i.e.
CQlreportea = f(SIRcpicH) X (4.5 + SIRus-posch) indB  (5b)

According to one embodiment, the UE derives the scaling factor based on the
estimated SIR (SIRxs.ppsch OF SIRcpicH) in @ way that the derived CQI fits into one of

20  the reportable values, e.g. 26, 27,...,30. As shown in Figure 1 the bit rate is a non-
linear function of the measured SIR (i.e. SIRus.poscu). The reported CQI corresponds
to a certain transport block (or data block) size that the network uses to schedule
packets in the downlink. Therefore, the scaling factor, which may be a positive quantity
in the linear scale, may also be a non-linear function of SIR.

25
Figure 3 shows one example of the scaling factor as a function of SIRus.ppscH in the

linear scale.

More scaling may be needed at higher SIR and less scaling at lower SIR, as shown in
30 Figure 3. For example, below some threshold SIR value SIR, no scaling is required,

while above that value scaling is performed. This situation occurs when higher order

modulation is used (for example, 64 QAM, MIMO, etc), where higher SIRs are

achievable.

35 As mentioned above, another scenario where UE receives signals with high SIR is
multiple input multiple output (MIMQ) systems, e.g. 2x2 (2 transmit and 2 receive



to a certain transport block (or data bl ock) size that the network uses to
schedul e packets in the downlink. Therefore, the scaling factor, which may
be a positive quantity in the linear scale, nay al so be a non-I|inear
function of SIR 25 Figure 3 shows one exanple of the scaling factor as a
function of SIRHS-PDSCH in the linear scale. Mire scaling may be needed at
hi gher SIR and | ess scaling at lower SIR as shown in 30Fi gure 3. For
exanpl e, bel ow sonme threshold SIR value SIRO no scaling is required, while
above that value scaling is perforned. is situation occurs when higher

order nodul ation is u for .ex | e, 64 M . etc er.e hi gher
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to the RBS. KicQHG8rivk ¢Gis@ flow chart illustrating this nethod in nore
detail. 15 Flow begins in step 100, where the UE estimates the SIR As
previously nmentioned, in a CDVA systemthis may be on the HS-PDSCH or on
comon pi | ot Steph3NUE Irep o tSMeCEM . didd tathe|RES. E- UTRAN system this may be on
downl i nk shared channel (DL-SCH) or downlink reference channels. O her
exanpl es may be thought of by those skilled in 20the art. In step 110, the
CQ is deri Vidguredoss flne chart illnsitadids HisRnetsod in Merealgtd- 5 (i.e. by adding a
network ppntrol |l ed paraneter to the estimated SIR, the network controlled

araneter will typically take the value of 4.5 25 . .
P Flow bggins in stgp 100, where the UE estimates the)SIR. As previously mentioned, in

a CDMA system this may be on the HS-PDSCH or on common pilot channels (CPICH),
in an LTE E-UTRAN system, this may be on downlink shared channel (DL-SCH) or
downlink reference channels. Other examples may be thought of by those skilled in

20  theart.

In step 110, the CQl is derived from the estimated SIR as in Release 5 (i.e. by adding a
network controlled parameter to the estimated SIR; the network controlled parameter
will typically take the value of 4.5).

25
In step 120, the derived CQI is multiplied by a factor to generate a scaled CQl. As
discussed above, the factor may be constant or variable, and may be a function of the
SIR estimated in step 100.

30 Instep 130, the scaled CQl is reported to the network.

In the following, yet an alternative solution is proposed, comprising an adaptive/event
triggered adjustment of CQl. As described in equation (2),
35
SIRus.roscH = SIRcpich + I + A in dB



In step 120, the derived CQ is nmultiplied by a factor to generate a scal ed
CQ . As discussed above, the factor may be constant or variable, and may be
a function of the SIR estimated in step 100. 30In step 130, the scaled CQ
is reported to the network, In the follow ng, yet an alternative solution

i s proposed, conprising an adaptive/event triggered adjustnent of CQ. As
described in equation (2), 35 SIRus.poscid = SIRCPICN+ |1 + Ain dB 9 An
adaptive/ event triggered power offset | adjustment can nmeke the reported
QU falling in the range of [0, 30]. In 8GPP, | is one information el ement
(1E) in the RRC nessage. The r range is [-6, 13] and the resolution is 0.5
dB. It will be sent to the UE 5together with other IEs (CQ feedback cycle
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the solution, a new nessage on the tub int erface bet ween the base station
and the RNC requesting 25 the RNC to update the be standardi zed.

Thus, the badkere@ms sy WRysIwRish [ 5% Be?WEs'tﬁ‘éaﬂa%‘f’e'Y ﬂé”@@e"?%g%‘%gteée or a few

hundred nil | fasmieends, and then request that the RNC updates the Ito nake
the CO hgan, equ@ése&i%n]&)l statistics in the base station
. Based on downlink measurements available in the RNC (radio network controller)

. Pre-configuration of two power offset values

The alternatives will be described in the following.
20
Based on CQI statistics in the base station
Ideally, the update of I should be based on CQI statistics. Unfortunately, such
statistics are not available in the RNC. To improve the performance of the solution, a
new message on the lub interface between the base station and the RNC requesting
25 the RNC to update the I' may be standardized. Thus, the base station would estimate
the mean of the CQI reports for a few hundred milliseconds, and then request that the

RNC updates the I' to make the CQl mean equal to 15.

Based on downlink measurements available in RNC
30 In this adaptive " solution, an initial [ is transmitted to the UE during the connection
set-up. Based on measurements readily available in the RNC, a new [ is sent to the
UE using measurements collected during a few 100 ms. The RNC may base this
update on measurements of e.g., throughput or Ec/lo (the ratio between received
signal power to total received interference). Thus, if the throughput indicates that the
35 UE has excellent quality, the RNC reduces the I' by some quantity.




Based on downlink neasurenents available in RNC 30In this adaptive
[solution, an initial | is transmtted to the UE during the connection
set-up. Based on neasurenents readily available in the RNC, a new 1- is
sent to the UE using neasurenents collected during a few 100 ns. The RNC
may base this update on neasurenents of e.g., throughput or Echo (the ratio
bet ween received signal power to total received interference). Thus, if the
t hroughput indicates that the 35UE has gfellent quality, the RNC reduces
the I by some quantity. 10 Pre-configuration of two power offset values
Anot her p055|b|I|ty IS that the netmork configures at the UE nore than one
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20  [f the derived CQI value at the UE is greater than 30, the UE reports a CQl value of 31
in the current TTI (Transmission Time Interval) with a high power, notifying the RBS
that the following reported CQI values are actually greater than 30 and that an offset
value of 30 shall be added to the reported CQY; e.g. the reported CQl “1* actually
means a CQl of 1 + 30; the reported CQi “2“ actually means a CQl of 2 + 30.

25
If the derived CQlI value at the UE is smaller than 30 and the derived CQI for the
previous TTl is greater than 30, the UE reports a CQl value of 31 in the current TTI with
a high power, notifying the RBS that the following reported CQI values are actually the
derived CQ! values, i.e. without the addition of an offset value; e.g. the reported CQl “1°

30 actually means a CQI value of 1; the reported CQl “2“ actually means a CQl value of 2.

If none of the two cases above are applicable, the UE reports the actual CQl as usual

as in Release 5.

35  Figure § is a flow chart illustrating a specific embodiment of this method in detail.



If the derived CQ value at the UEis smaller than 30 and the derived CQ
for the previous TTlI is greater than 30, the UE reports a CQ value of 31
in the current TTI with a high power, notifying the RBS that the foll ow ng
reported CQ values are actually the derived CQ values, i.e. without the
addition of an offset value; e.g. the reported CQ "1" 30actually nmeans a
Cal value of 1; the reported CQ "2" actually neans a CQ value of 2. If
none of the two cases above are applicable, the UE reports the actual CQ
as usual as in Release 5. 11 Flow begifdd in step 200, that of deriving the
CQ. This is achieved as described previously (i.e. by estimating the SIR
and t hen addFiay bagineingdek2®o fiat of desding theFRl dihis is aefiievgdiay dasaiped 51 n st ep

210, the UE gdeligidl (6SoiiakBefg thBSiIRleht iRt ddeinglsncBh@Rcfitrdli6@pardetet.f T he
CQ is gr eat'gfre lﬂggﬂpB ,Wmow pgr oceeds nto step 820 wher e the ?JaEr reports a

CQ val ue of¥8%alW&-Rhe network. The "31" value is reserved, and indicates a
shift of the mappl ng rul es, such that subsequent reported Cal val ues are
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In step 260, 0 ived. In step 240, if the
precedin Cdep?/rgefqh%gg(/\)ffiueﬁd"f'” %ﬁ e‘e{tgqtanf’% 0, there is no need to shift the

mappi ng rules, and so the flow can proceed directly to step 260. 20 This
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20 dB). HovveIVleste,p 260eths it mpoipihk CQIdegaateasl y i n both scenarios. This

sol ution m ght be extended to use a CQ of 31 together with a CQ of 0 to

i ndi cate the change of mappi ng, whi ch can IHR@ §t§fhe reli abd ity of
this indi cat'8rster4#0pl H‘@rp'%‘%ﬁ%‘lgcﬁm vele wWasingherealer treaglelee 5 3175 Ray be
used to indigwt BeipHiaangs, ki s6Bhe flow can proceed directly to step 260.

20
This solution does not increase the CQI cost in terms of the number of CQlI bits.
However, in this solution, the RBS mey need to have the change history of CQl. That
is, the history of the CQl and whether it is above or below 30. This solution is therefore
more suitable for a system with a relatively flat radio quality, and less suitable for large
26 fluctuations where radio quality changes more frequently (e.g., TT1 1: 256dB, TTI 2: 38
dB, TTI 3: 20 dB). However, the system works adequately in both scenarios.

This solution might be extended to use a CQl of 31 together with a CQl of 0 to indicate
the change of CQl mapping, which can improve the reliability of this indicator. In other
30 words, the unique CQI sequence [31 0] may be used to indicate the change of CQlI

mapping.

The invention has in the foregoing been described with reference to HSDPA systems.
However, the invention is also applicable to CQI Reporting in E-UTRAN (Evolved
35 UMTS Terrestrial Radio Access Network), as will be described in the following.



mappi ng. The invention has in the foregoing been described with reference

t o HSDPA systens. However, the invention is also applicable to CQ
Reporting in E-UTRAN (Evol ved 35UMIS Terrestrial Radi o Access Network), as
will be described in the followng. 12 The E-UTRAN systemis purely packet
oriented. This neans the downlink scheduling and |ink adaptation are highly
dependent upon the 001 reports fromthe UE, see 3GPP TR 25. 814, "Physi cal
Layer Aspects for Evolved UTRA", In E- UIE%AN hi gher order nodul ation (e.g.
64 QAM is likely to be used. This nean he CQ may al so reqwre 5nore
than 5 bits due to higher order nodul ation. 1n E- UTRAN rPI‘InCI pl e
can be reporthed-VIRANRYROMdS Biel P2 eroNted.  BUblPRS e 8%‘%”'5”5 S%{‘ed”" 9
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E- UTRAN. The exact definition C%ré E\AN % tgl ff bent however,
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exanpl e, 20t!hesqﬂeimﬂwedb\f(t®‘\k can be scal ed by a scaling factor which is a

function of the SIR estimated on DL-SCH or on downlink reference signals in

an LI E E-UTRAN system Wile the inventjion has been dest i bed n connection
ol el R
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may be different; however it is likely to be a functlon of some network controlled

parameter and the measured SIR on some known reference symbols. Hence, the idea

of scaling the derived CQI when the derived CQI exceeds a certain threshold as

described in the foregoing is applicable to CQI reporting in E-UTRAN. For example,

20 the derived CQI can be scaled by a scaling factor which is a function of the SIR
estimated on DL-SCH or on downlink reference signals in an LTE E-UTRAN system.

While the invention has been described in connection with what is presently considered
to be the most practical and preferred embodiments, it is to be understood that the
25  invention is not to be limited to the disclosed embodiments, but is intended to cover

various modifications within the scope of the appended claims.



13 CLAIM5 1. A nethod in a user equipnent for neasuring the instantaneous
downl i nk channel quality indicator (CO), and reporting theneasured CQ to
t he network when hi gher 5order nodul ati on of 64QAM and above can be used

for downlink data transm ssion, characterized by the steps of; - deriving a
true CQ based upon at |east one network controlled paraneter and a

nmeasured channel quality paraneter; - scaling said true Cal value to
a new CQ value such that the new CQ wll fall within a 10specified range

of CQ values; - reporting the new CQ sachi eved by scaling the derived CQ

value in order to report every CQ value with the sane nunber of bits over

the entire rgp@mki ng range. 2. A nethod according to claim1, wherein the

derived CO is scaled by a 15scaling factor which is a function of a
signal-to-interference ratio (SIR) neasured by the user equipnment 3. A

met hod accordi ng m&hed idiaMser edMpicdt lr inbesurRg theathtdohebss smwalifidchayna scal i ng

factor which is a functli of the SIR esti on HS:- P i.h.a CDVA
Gyt om 20" ey RaicHRE(AR 280 rebRBinPliS ekl TR R e MbE il B 0 1 s
scal ed by a ostsalmodylafierof GAQAMMN arld abgveacanibecisedfer ddwnlin d8p Raesmissit ed on

conmon pi | oteh s uRRASY Hylih@stéfhd} system  255. A nethod according to claim 2,
wherein the derived Ce%:‘ Is scaled by a scaling factor which is a function

of the SIR égpqi\mﬁ%ﬂu% Qmasgéﬂaon at léast one network controlled parameter and a
measured channel quality parameter;

- scaling said true CQI value to a new CQI value such that the new CQI will fall within a
10  specified range of CQl values;

- reporting the new CQI achieved by scaling the derived CQl value in order to report

every CQI value with the same number of bits over the entire reporting range.

2. A method according fo claim 1, wherein the derived CQl value is scaled by a
15  scaling factor which is a function of a signal-to-interference ratio (SIR) measured by the

user equipment

3. A method according to claim 2, wherein the derived CQl is scaled by a scaling

factor which is a function of the SIR estimated on HS-PDSCH in a CDMA system.
20 |

4. A method according to claim 2, wherein the derived CQl is scaled by a scaling

factor which is a function of the SIR estimated on common pilot symbols in a CDMA

system.

25 6. A method éccording to claim 2, wherein the derived CQl is scaled by a scaling
factor which is a function of the SIR estimated on DL-SCH.

6. A method according to claim 2, wherein the derived CQl is scaled by a scaling
factor which is a function of the SIR estimated on downlink reference signals.

30
7. A method according to any of the previous claims, wherein the user equipment
takes into consideration at least two network signaled power offset values, where the
first value is larger than the second one, to scale the derived CQI depending upon the
value of the derived CQl in relation to a certain threshold.

35



6. A method according to claim?2, wherein the derived CQ is scaled by a
scaling factor which is a function of the SIR estinmated on downli nk
reference signals. 30 7. A nethod according to any of the previous clains,
wherein the user equi pment takes into consideration at |east two network

si gnal ed power offset values, where the first value is larger than the
second one, to scale the derived CQ dependi ng upon the value of the
derived CQ in relation to a certain threshold. 14 8. A nethod according to
claim7, wherein the user equipnment iniqgially derives its CQ using the
first power offset value, i.e. the larger value. 9. A nethod according to

claim8, wherei nnhé‘thad%cslarng\(@@lalm wherefTRé L& eblipMehthetdiy Bemebas d then the
user equip e first value of the

power offsg%bdt“ﬁ@?vneg@&tpﬂ‘@erOg'gﬁtrfgl“\?aleug‘ gﬁ“g%h‘/@&ﬁov\er offset is used to

scal e the derived CQ . 10. A nethod according to any preceding claim
wher ei 0t he ol ORSfeiiRboA4 Abii ) uhGheltr i SOV s TR RguCCOTdi N o
any preced|ng clarm furt

aracteri zed . scaling sald true val ue
to a newBoQirggiolfehesythy useraaauingenashabscalihie 95' §C‘%9f4'%§9tth%ﬁf5‘dﬁ'us °§§’éond
channel qualpbivyr IREIIMRIRIe IRARYSR0/aRE of e pader offgLis pe@b scdidthel2. A met hod
as clainmed in cI 11, wherein the second channel quality paraneter is the

sanme as thedFPfgt hannel quality paranmeter. 13. A user equipnent, for
comunicating with a radi o base station in a w reless 20tel econmuni cati ons

network, whepei B pidiodurebrdfgid W&cédﬁg%@nﬁww&dmb ddﬁ%a&%ﬁnéda@anon
|nstantaneous downl i nk channel quality I ndicator, report the neasured

channel 8uaW§?§ ™di cator to the network, by neans of t he net hod according
to any of clains 1 to 12.

11. A method according to any preceding claim, further characterized by:
scaling said true CQI value fo a new CQI value by a scaling factor which is a
function of a second channel quality parameter measured by the user equipment.
15
12. A method as claimed in claim 11, wherein the second channel quality parameter

is the same as the first channel quality parameter.

13. A user equipment, for communicating with a radio base station in a wireless

20 telecommunications network, wherein the user equipment is configured to measure the
instantaneous downlink channel quality indicator, and report the measured channel
quality indicator to the nefwork, by means of the method according to any of claims 1 to
12.

25 14, A method in a base station of receiving the downlink channel quality indicator
(CQl) from the user equipment and using the received CQI for transmitting data and if
necessary using higher order modulation such as 64 QAM, characterized by:

- Interpreting the reported CQI according to a scaling applied by the user
equipment on the derived true CQl.

30 '

15. A radio base station for communicating with a plurality of user equipments, and
having means for connection to a radio network controller of a wireless
telecommunications network, wherein the radio base station s configured o receive a
downlink channel quality indicator from a user equipment, by means of the method

35 according to claim 14,



2514. A nethod in a base station of receiving the downlink channel quality
i ndi cator (001) fromthe user equipnment and using the received CQ for
transmtting data and if necessary using higher order nodul ati on such as 64
QAM characterized by: Interpreting the reported 001 according to a
scaling applied by the user equipnment on the derived true CO. 30 15. A
radi o base station for communicating with a plurality of user equipnents,
and havi ng nmeans for connection to a radio network controller of a wreless
t el econmuni cati ons network, wherein thetsradi o base station Is configured to
receive a downlink channel quality indicator froma user equipnment, by
means of thammaékh%am@as@goﬁ@fr@&eaxr@dbwnnnkldﬁanﬁe@qua‘mmam& (ca@a base

tat f h t
i prent . arST8LHD “pREPueRe SR8 Mtee st st eots B Bhe i enaf v oS
necessary ugieagsshtygiseg highdeerdemded detivacharabtarizedtbyr i zed by:
Col | ecting the ﬁoﬂédtlﬁé H"fé%té?fstléstb?thre‘?&%'iv\ég Qq:gpoﬁgg e?Seﬂ%q tl%aﬁzﬁgil%q the

statisti GS SchP an even i 0 netvvo control case the
CQ statidsti'ER rPWcﬁ’b FRtte |“§rf??“P6‘§?'M°”‘c‘H’§ﬁ@i@r infapn e fstatiplicsdmdigatiel qual ity.
17. A net hodsigntficentdhaggetio thel daivminkGhamteqeiity. t he received CQ is used for
transmtting data on HS-PDSCH in a CDMA system 10 18. A nethod according
to claim16 or 17, wherein the higher order nodulation is 64 QAM 19. A
radi o base sWafimshodccoerdinenimeleiat 1onyherintherepsivadTQLiy ussd Tasteansaiiigonent s,

and 15havi ngiafesH s POSCHARAIIMABysiém.a2 radi o network control ler of a
w rel ess, .t el ecommuni cati ons network, wherein the radi o base station is

configured to receive a downlink channel quality indicator froma user
equi prent , By mAansthest adchwlingde hleth #ooli7dvingyein dheonighep fordelr aiodslatids is 64 18.
2020. A nethgdyin a radio network controller of receiving the downlink
channel quality measurenents and signaling to the base station the
configured power offset, which is currently used by the user equipnent to
derive the Q@1 anddio emétattoheﬁord:emiﬂtﬁﬁaﬁywrﬂh@ dilveiitp asses k@lipradhts, and

charact g Z%g\gp%mtegﬁs 3l 8&%&8 on to a ﬁale networﬁggtolog Sotfggvua event at the base

station to in ate si I can atil's
telecommumcatlons network, whereln the radio base station is confi gured o receive a

downlink channel quality indicator from a user equipment, by means of the method
according to one of claims 16 to 18.

20 20. A method in a radio network controller of receiving the downlink channel quality
measurements and signaling to the base station the configured power offset, which is
currently used by the user equipment to derive the CQI and report the derived CQl to
the base station, characterized by the steps of
- configuring an event at the base station to indicate significant change in CQI

25  statistics.

- receiving and interpreting the event reported by the base station.

- reconfiguring the power offset at the user equipment if necessary.

- . signaling the reconfigured power offset to the base station if the reconfiguration
was done at the user equipment.

30
21.  Aradio network controller for communicating with a radio base station of a
wireless telecommunications network, the radio network controller being configured to
receive the downlink channel quality measurements and signal to the base station by
means of the method according to claim 20.

35



receiving and interpreting the event reported by the base station,
reconfiguring the power offset at the user equipnent if necessary.
signaling the reconfigured power offset to the base station if the
reconfiguration was done at the user equipnent. 30 21. A radi o network
controller for communicating with a radi o base station of a wireless

t el ecommuni cati ons network, the radio network controller being configured
to receive the downlink channel quality nmeasurenments and signal to the base
station by nmeans of the nethod according to claim?20. 16 22. A nethod in
a radio network controller of configuring a user equipnent wth paraneters

to assist the UAGKeuRRUL BRI ndtRodl@bhtvdiBtHf Colfiguiltpd asdr eqlip@entlyth configuring
t he user equi pnment wﬁth_%% | east two differngipg%%%eggéig val ues to be
used by t he PALIPIE 9 35RBHe HePT GEVIPUEMIMETTHR AL R KIEFT Ton i f necessary
al so, 5-confi gurénfigutrigeheiser eqdumerteith atieedi two difierestromgr offselieaiygs)lot o
trigger whi g povngs thQLgeﬁ'%EgiéﬁllsmoEQﬁ\}%Ef?JF:EQPaWn bLBGtdtSiEReRREPABAL . 23. A

nmet hod accor |n§ t'o clal vher el n arger power offset is configured
to be us&d by tRefigeing tegyusep ARYIPMEY Wi gdbreshofrbvatg (MRdHogeR¥GR PPYRd cQ i s
| ess than t hgsdQsped dd @ddbhkrsizet equdmdnhe configured threshold (p),

otherwi se the smaller power offset is configured to be used by the user

equi pment to report the CO. 24. A radio network controller for
communi cat i 17§ t Amoalidd axcerditigdo Baige23 whetebrihotarger apwer|ofiset is endewRRimi cat i ons

net work wi t odked BASE uOELqURRENEE WRARIY caf WifertAE borvba el Wikds wamiheol | er

bei ng configured to configure the er _equyi nt by nmeans of the nethod
accor di 1§ tép%‘f'féﬁdrﬁ‘@%hoéﬁmg@? °°”ﬁ9”r2§§"rfhﬁ@3’r‘)ggt‘?‘?w" W?@F@%gowem set

t el econmuni ¢sad¢dnfimsed @tbaarskd by e useaswipmegt @eganshaftdneous downl i nk channel
quality indicator (CQ) and reporting the nmeasured 20CO to the network,

characterized by the steps of: o . ,
24. A radio network controller for communicating through a radio base station of a

wireless telecommunications network with at least one user equipment, the radio
15  network controller being configured to configure the user equipment by means of the

method according to claim 22 or 23.

25. A method in a wireless telecommunications network, for measuring an
instantaneous downlink channe! quality indicator (CQl) and reporting the measured

20 CQl io the network, characterized by the steps of;

in a user equipment, measuring a channel quality parameter;

in the user equipment, deriving a first CQl value on the basis of the measured
channel quality parameter and at least a first offset;

in the user equipment, updating said first offset;

25 in the user equipment, deriving a second CQ! value on the basis of the measured
channel quality parameter and said updated first offset, such that the second CQi value
falls within a specified range of CQl values; and

in the user equipment, reporting said second CQI value to the network.

30 26. A method as claimed in claim 25, wherein the measured channel quality

parameter is a signal-to-interference ratio (SIR).

27. A method as claimed in claim 25 or 26, wherein the first CQl value comprises a
first number of bits and the specified range of CQl values corresponds to a second
35 number of bits, the first number of bits being greater than the second number of bits.



in a user equipnment, neasuring a channel quality paraneter; in the
user equi pnent, deriving a first CQ value on the basis of the neasured
channel quality paranmeter and at least a first offset; in the user

equi pnment, updating said first offset; 25in the user equi pnent, deriving a
second CQ value on the basis of the nmeasured channel quality paraneter and
said updated first offset, such that the second CQL value falls within a
specified range of CQ values; and in the user equipnent, reporting said
second CQ value to the network. 3026.1A nethod as clained in claim?25,
wherein the nmeasured channel quality parameter is a signal-to-interference
ratio (SIR)gg A AéthohaiBERRM iR8nyCdrl JTREinsREChRIWReN &id dedatimhistepi n t he
first CQL value conprises a first nunber of bits and the specified range of
CO val ues EUPRE€Honds to a second 35number of bits, the first nunber of

bi ts bei ng gr eah éte Ushasyutpiveens eclectthgroneoéa plofalityiof presetfiyst 2fiset sales-hod as
clainmed In any one of clains 25-27, wherein said updati ng step conpri ses:
in the user equipnment, selecting one of a plurality o eset first offset

val ues. $2929.A Apethed aasiam%"hﬁ'am #8. vihgrein el uRgRENGETIEP @‘EF‘*H IPREE g step
further conpri sggie dser é$@mé$‘ercomgm@r@wtﬂrstmmame agh sahrdstald wtiueCQ  val ue

th a threshol t ' d on th 't
of sard compar i e 500 SHCRg P Leitbisndfn T Pk SRR chRed®REC T\ 2% Lo

base station in a wirel ess 10t el econmuni cati ons networ k, wherein the user

equi prent i §o CoRfidIUEEHmER, BRASMAGitMRg bvﬂ%%&@@&@%tidﬁm wibleghannel

qual ity indicator, and report the neasured q % i ndi cat%or to the
net wor k10 byt‘%'?éaﬁg’”B‘Fattoﬁé”ﬁ%’f’f’l‘oﬁh%f@@d?’ﬂil% egtapra?p '%‘fo g?’%{f’ P DERT

instantaneous downlink channel quality indicator, and report the measured channel
quality indicator to the network, by means of the method according to any of claims 25
to 29.



