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CQI reporting allows for the base station to adapt its downlink transmission to the
changing channel quality. However, the uplink bandwidth is a limited resource. There
are therefore two competing interests relating to CQI reporting. One is to provide as

detailed CQI reports as possible as frequently as possible in order for the base station



detailed CQ reports as possible as frequently as
possible in order for the base stationto be able to

w@adapos7ss transm ssion in the best possibl e vegr/sEodhesosos
changi ng channel quality. The other is to keep the

ampe MHe S&aft§R erahénﬁlgsl(glpl\ﬁ’ RObABpdsPiblel Wdy tdRhA&hahgihg tiinnel
as possible of the avail abl e uplink bandw dth. The use

of sudlity Thapbeamia toskise Messamairie! @) repaiping townyp asde filyp @s little
compl @%sibiB 8t QlaidbieGbEaARhARRS, Schemes. | n
mul t1-antenna concept proposed for the high-speed
downl i nk packet-data access (HSDPA) node of the WCDMVA

ys N t L§iib1E:Othan f
Y ST LRGSR, YRSl S SR O bt o
adaphglmamnnnaﬂuhsmbseddsi ullis aramm ®@s¢aph porposad  Bnttehhgh-speed
nmod r 0 mat ¢ a :
oo THER SLGT ALY RLE PSR bR B SROARIIAN . s o
al vva;lmttdfaammrmzis frasmrwltnd:tetosammrns enmddered i EISBBAN of fast link

p t
Do SR LR gt RS RistRE ™ i PR i F Blogdy pjghed o
10 hi sheap@ra@ah, cosdifatsadothphfed NS Muks hrd¢hnh atiemeatiert always transrnlt

it BN RSP BORI. | R TI L e RUEIRG e aHEPABRL Brig mlt-

subsgtnmlaBpro&IhaRdt §ebvaida RichMeloWalihlda3a tafes d BNAIsQPp@ach, separate
sel ecti ve- PARC (S- PARC). The CQ that is estinated at

t he UABBIISONANES ¢ Areyider fudharnta vieamp rapRediie ach drapyiantenna.

st atW}Q:H both tﬁé‘%tesozfndtthc,e trhhsHft AEURRE 3bdsOrPKAEESSaddPflely, this is
allo for antenna sel ection and rate assignment to “be

Iper fimqulops selegive-PAREC 65-BARCS Thfaﬁ@mflat Bdstimaed at the mobile and
di fftrgﬁsﬁﬁttte %tﬁ@ ?hk'tgni rtfa‘saer s@auh %‘?ﬁﬁ‘lhé’hﬁl&&? ttclp(ﬁ] nprocess and

esti mat ed anges or eac ination of tra

ant elovessior Blut@machehgtl(@qndestbiamgrwnf t@rbeemrfmnacd &mua the signals

und? ns%ﬁ&é?l ﬁgrgb 1Pfglte tg}nlai Lt &Fer@ i hngarc %%err]gthe estL’I mated CQI
Re aval resource conp

si ngh@g@rfoecmh ctbmbm&mnsﬁ manmmt'l'dmenhyquro@fdnrga@@] as@mates for each

2Dt ARG B Dl D oy St YR oo
usi m@omcesmq;a&ellwﬁnglﬂhﬁt&ﬁ:artenmssi@nceI lation (SIC)

recei ver places a decoding ordering on the transmt
antennas so that there will be a separate CQ val ue

f or Teaehe [@Efemﬁ/éiteh@[byé(ﬂ aiah @lso ifdesasec@BRIMBArio® QI @hlues that may
DPA, nulti pF e spreadi ng codes are used

ant nn
Eﬁfﬁirbafl? dndhs ase Npdter CB APt 808 2 IR | BGEFrence

25 S ekanclllatib® ($KBRERIver BlacdsOMBIcodiag fdefihgah BN B8R Vante@nas so
mul ti ple users. To conserve spreadi ng codes in the

pr eabthereyvifh be p senspt iRl valugioeesh Papasiar Frathspihaneinhipation)

;g?gﬁ ra]lgtgﬁlag, erﬁe[‘iS@FAoﬁrﬁltfpn‘esﬂéaﬁfn%r&ﬁgs L8 either transmit a

higher data rate to an individual user, or to transmit at lower rates simultaneously to
multiple users. To conserve spreading codes in the previously proposed multi-antenna
30  approach, spreading codes are reused across the different transmit antennas. In
practice, CQI reporting is usually performed under the assumption of some fixed
number of spreading codes assigned to a user. To obtain the CQI values for a
different number of spreading codes, the CQI values are scaled appropriately. This is

possible since all spreading codes are transmitted over the same propagation channel.
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Clearly, trying to report an antenna order for each subcarrier would be very costly in
terms of CQI feedback. Additionally, it would be impractical since transmitted
streams are likely encoded over different subcarriers, and the SIC receiver utilizes the

decoded/re-encoded signals as part of the detection process.
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collection of subcarriers. The CQI reporting format is adapted to the selected transmit
antenna configuration such that the granularity of CQI reporting depends on the

number m of transmit antennas of the selected transmit antenna configuration. The

method further comprises a step of determining Pcq; number of CQI values relating to
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transmit antennas according to yet another alternative embodiment of the present
30 invention.
Fig. 6 is a schematic diagram illustrating another alternative CQI reporting format for

four transmit antennas according to a further alternative embodiment of the present

invention.
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30 Fig. 1 is a schematic block diagram of a wireless communications system 420, e.g. an
LTE system that implements OFDM as radio access technology, in which the present
invention may be implemented. The system 420 comprises a radio base station 400
(also called Evolved NodeB (eNB) according to LTE terminology) and a mobile

terminal device 401, which for instance may be a mobile phone, a laptop computer, a
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MODiahEinteBri tRACOT vatits By dabrdPrdcBisingiudnab2. 408 from
the nobile termnal device 401. In the uplink signal
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260y NRHES 403 THEesoraroubsehe SbeissTy A 4051 Hid, 4Hcb 403-
st ayi a‘EEbréHQ tﬁ%fe%@gg’t@nﬁlgedt J@Qﬁgncgnf%‘ﬁiﬁa%oﬁ'sn q{) ®fis application it is

signalin di fferen
assume that the base statlon determines an antenna configuration for a collection of

adjacent subcarriers. Even if the base station has chosen to transmit data only from a
subset of transmit antennas it is herein assumed that a pilot signal always is
30  transmitted from each of the antennas e.g. for such purposes as channel quality
measurements. Therefore it will always be possible for the mobile terminal 401 to

estimate CQI values for all of the subcarriers from all of the transmit antennas.
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30 Depending on the type of receiver 405 of the mobile terminal the computation of CQI
values may not only depend on the transmit antennas included in the selected antenna
configuration but also on the order in which signals from the different antennas are

decoded. The selected antenna configuration will therefore comprise a selected
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© " SR SE v S COuch® el GG dadenasy s 200 & Teduced
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acc8Ff drfyew cubseresy Bt ISeIPB%sa eﬁéﬁtFégso% 6t‘ﬁé?"h¢“rhe‘§%ﬁ’fample system
i nven ii9toMdiddred) OAY Pr[%nﬁ‘éﬂéh adbBed then OFM N@had @l aialie Whtdt 600
reference to Figs -6. For the sake of sinplicity It

2% | Isutl??émﬁéséﬂﬁié’&y%tﬁ&f‘z%l | of the subcarriers

represented in Figs. 2-6 respectively are associ at ed

with the sanme sel ected antenna configuration. CQ

est ifivattdsa shamatipgpiesrniasipn 9f HeQheeparting formpgfoy reporting CQI for a
SUb%é\lEJtéde{radsﬁlttam%mg: %%ﬁ&%lﬂﬁygmge %ﬁgﬁlp&térﬂa To reduce the

enbodi ments of the invention the anbunt
amount of CQI 1nformat10n the subcarriers are collected 1nto subcarrier groups of 15

30  adjacent subcarriers by 7 OFDM symbols and one CQI value is estimated for each
subcarrier group. In this example, the OFDM signal transmitted over one time period
is divided into 40 tiles. Each tile contains a subcarrier group 1 of 15 subcarriers by 7
OFDM symbols. If B=32 bits are allocated for CQI reporting, and each CQI value is

represented as 4 bits, then 8 CQI values can be reported during each time period and 5



CQ information sent fromthe nobile termnal 401 to
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we@sdovned7es for groups of subcarriers (in tinme BOOSEI07/050509
frequency) instead of for every subcarrier. This is
i1 tigt paicld ateeduigs to ubdbieitie Gl wir dlhabeacaerpl Accendsigantig. 2 it

420.i s consi dere ment i.oned ab th ignal .
st S anoa b el Bl pe e L e Bt on st i Pibcarrirs
2 i §roap§dié1%§3&ttddmrfd&:ﬁt’665€ﬁlbd¢ tiley). Iaftin® pebd 0 €QDVhluergire reported

f or mat for ortin | ec transm.t

ant SR AEDORBISE FRERRY o4l ﬁg%‘s%iér‘én d 8L HRE PR ! values
J0 hRGRRed bR s@¥Biet gofipsQY, I2nfQREl7] SNardde, etc.
subcarriers are col lected into subcarrier groups of 15
adj acent subcarriers by 7 OFDM synbol s and one CQ

val 48 pr&eRs the RISt foPhit® @k BH e rrEﬂo@t'Ingg\R/Héhpthe |séle(§tal fransmit
exanple, the OFDM signal transmitted over one ti

per PR SOpgpTation hasyierefhpnyqnp @atenipfhe,grppylarity 6ﬁth5|q€§ rgporting

SUbg&hi @J rrglﬁéwlﬁ)rggr Ofcot@ing qgc&ﬁﬁddﬁﬁ&t@}ﬂf OBt invention, to
synbol s. bits are all ocated cQ reportlng

18nd a@a@moe@ f%@@emif@nlaw EhEng éuthasnulttm:w augenng die granularity

CQ gl beshafigdd RertiRAG StlydUfihd gsfqmlﬁg R RBtdad %w@ps of
5tinme’periods are requi'red to upda over a
sub@émqnbs@camer@dmpmgletgyarmlaglty 21 frequescys atap gt dhergefly This is
|II d isn

PRt by 7 BR0 e LERPSE 1R SO i
bIa@knﬁmhe@vmngvrqnhm§npe$w6me®“cnwxwalues are reported
jkor subcarrier groups No. 4, 9, 14, 19, 24, 29, 34 and
9, intinme period 1 CQ values are reported for
sub&e 3i sra sphemps pregentdlidp of A, CQAR ref@ting3@rmaatdoB Feporting CQI
etc vangs o¥ gssg c\:/te rgr?s r} é:“ ! a%]:)n I tra stel fortracgmt antennas. In
reporting WHETH F%e seletted Crar enna
Confthlg embttdlment loé shenovemtidh éia sobtarr&mtgﬁmpaﬂolﬁ @djacent subcarriers are
granul.a orting format is. e . ..

o Qe b et SR AR i PR ol (Riine n Fie. 2. For
20nv emdhi ﬂibcarflﬂ‘ ao0 oAt ‘&llfeﬁrarmm]blnécbfdf&tablﬁ)l’d)f ned edd Bgnsmit
to the nul | e ant enna H r.anul ari t
ch aﬁ&tglanaF H (:_)l?eesaﬁléﬁ%yls gﬁ%?rg}e S mgvleﬁgk%/rlqar %H%odel interference
S ub(bat:i)\/febreme Q% O tpssnif amhmmraﬁubﬁwo&dlgg ® Ill:]lg,rgﬁlis $hb®n that in
granularity i equenc changed. This_ is
in RAgs! fimey Perjod <5L<5 WSOt 3&@? RErCatie gforselor ﬁ%“i of the two
exanfhssit ftenohd art eRFtEd ngdléa@erdrmtb&ca@lmy dh ﬂﬁletp@nod o CQI values
enbodi nents of the invention.

2|5ep|aé¢sr81Pﬂ“§fi fo5isuRsrrier gropPs Noy dr i lﬁ@nﬁ é? rfﬁt“mFé’F“?de]ng{ Yadggs are

CQ rRkE forfs@bcaftics @r@pt 8. bI ANRINahd ANt &ANGompared to the example
configuration with two transmit antennas. In this

enmbddsHA ingfigthide isrpslation fiepeensysdanest wice graupR! wlussin the
ad] 3esffle SHPLARIefeSenAl Be channel quality for a larger group of subcarriers.

However, five time periods will still be required to make an entire CQI report for all
30 subcarriers and the same amount of CQI information in terms of bits will be reported

in each time period.

Fig. 4 is a schematic representation of a CQI reporting format for reporting CQI for a

selected transmit antenna configuration with four transmit antennas. In this
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and ogcur ™9 Wge 6]@ ergin Lfea %r ofe ?léep téa&srfn(t) Flntennas is
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)
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250pafit 1o 28r Heandi3] bl Wih FoeRscERa SO Py RseAg. if Ame poriod

the 30@<§1evaq.ies%?é REGEM {of AIbeATHEr GBLRNA 2£9N13, Q9! 2, Iz¢n§z and 37
with iple transmt antennaS. This I's illustrated
in pzp@ggspgct dn@figst transmit antenna, in time period 4 CQI values are again reported

for subcarrier groups No. 2, 7, 12, 17, 22, 27, 32 and 37 but with respect to a second
transmit antenna, etc. In Fig. 5 ten time period will be required for making an entire
30  CQI report for all subcarriers. In the four transmit antenna case illustrated in Fig. 6,
twenty time periods will analogously be required for making an entire CQI report for
all subcarriers. In each time period CQI values associated with eight different

subcarrier groups with respect to one of the transmit antennas will be reported. During
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Fig. 7 is a flowchart illustrating a method according to an embodiment of the present
invention. In a step 500 the mobile terminal device receives a signal from a number of

transmit antennas, which signal includes a number of subcarriers. In a next step 501 a
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a CSFF@@ﬁFEﬂn%PnW B ler s based on a sel ect ed
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transmtte base “station iIn
a step 503. Steps 502 and 503 may overl ap such that
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tinme
is determined such that the Q subcarrier groups are divided into T non-overlapping

30  subsets and such that the number Pcqr of CQI values determined in step 502 is
transmitted in the step 503 during T time periods. This is done so that the CQI values
relating to the subcarrier groups of one subset are transmitted in step 503 in each time
period. This can be compared with the example embodiments illustrated in Figs. 2-4,

wherein the subcarrier groups can be seen as divided into five subsets with the CQI
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r e SPPatsRy pbHedvRd soleg Teniitn Boran PoR iRE AT FIUG S used
can ahé the astpaEet) Swis¢ S MMSE (REmifRheMembSifliareeitifation) reception.
illustrated in Figs. 2-4, wherein the subcarrier

groups can be seen as divided into five subsets with
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time period, The subcarrier 0 are preferably .
di vittb GOl ieles S baasd oo dbe (0l w&ﬁ%fw-ofﬁwm in_channel
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In general it is desired for the base station 400 to retain control over user scheduling
and the assignment of mobile terminal devices 401 to different subcarriers 412 for
30  downlink transmission. In this first example embodiment, a CQI value 409 is reported
for each subcarrier group 1, 2, 3 under the assumption that a decoding order is chosen
across multiple subcarrier groups 1, 2, 3. The decoding order must also be reported
back to the base station 400. One approach for selecting the decoding order across

multiple subcarrier groups 1, 2, 3 is based on the subset property described in US



val ues. The receiver 405 in Fig. 1 may be of severa
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Step 606:  Repeat steps 603, 604, and 605 for any remaining transmit antennas.

30  The decoding order for each transmit antenna scheme together with the estimated
subcarrier group CQI values 409 for the different transmission antennas in the scheme
is then transmitted back to the base station 400. By transmitting back the CQI values
409 for each subcarrier group 1, 2, 3, there is a different quantization in frequency

between specifying the CQI values 409 and the antenna order for the SIC receiver
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i s SPEBFRTAOLY oY é“ PREETITRs O YRS U AP d Pe aRtpa subset
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information is encoded so that some specific performance criterion is met.

Consider e.g. the system 420 in Fig. 1 and assume that N is the number of bits in each
30  reported CQI value 409, L is the number of bits to specify the antenna order or subset,
m is the number of transmit antennas in the selected antenna configuration, and q is
the number of subcarrier groups 1, 2, 3 for which CQI values 409 is reported in any
one time period. The number of bits used to report CQI values in each time period is

then qmN = 32 bits, assuming N=4 bits is used to specify each subcarrier group CQI
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each subcarrier group CQ val ue 409. Dependi ng on how
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30
It will be apparent for the person skilled in the art from the description above that
implementation of the present invention will require some adaptation of prior art
mobile terminals and base stations. The natural choice is to implement the present

invention by providing the mobile terminal device with new software, although
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Yet another advantage of preferred embodiments of the present invention is that the
30  puncturing of least significant bits and replacing those with antenna configuration or
decoding order information reduces the amount of CQI feedback and allows for a better
encoding rate to protect this information during transmission from the mobile terminal

device to the base station.
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10 nvestoiliorents of thi anventionj agd falheuel spesids tergsia 401%‘1?%? ey gre use
doei% al Qe GHY Idfs% i Rf@%érﬁ@ Bﬁ? lagd ARG puFtisesQiT liafitagon, Skeisogpe of
mob I’ term nal - devi ces and base stations. Yet another
adviaatnagrionbeing wf orth avthe feloHingeai®- of t he present
invention is that the CQ reporting format can be
tailored to nultiple nobile term nal devices, allow ng

di fferent antenna configurations to be selected for

each nobile term nal device. Yet another advantage of
preferred enbodi nents of the present invention is that
the puncturing of least significant bits and repl acing
those with antenna configuration or decodi ng order

i nformati on reduces the anobunt of CQ feedback and
allows for a better encoding rate to protect this
information during transm ssion fromthe nobile

term nal device to the base station. The present

i nvention has been described above by neans of
description of enbodi nents of the invention. However
there are many nodifications that are possible as w |
be appreciated by the person skilled in the art. From
the description above the person skilled in the art

will realize what software, firmnare and/ or hardware

nodi fications are necessary and/or suitable in order

to inplenment the different described enbodi nents of

the present invention.



In the drawi ngs and specification, there have been
di scl osed typical preferred enmbodi nents of the
w0 nooenbs7en and, al t hough specific terns are enpdDyE®Y7/050509
they are used in a generic and descriptive sense only
and not for purposes of |imGalaiMsn, the scope of the
i nvention being set forth in the foll ow ng
claims. CLAIM5S 1. A nobile term nal device (401) for
use in a wreless conmuni cati ons system (420),
conpri si ng: /A& mabdeiteramnal 406je (40t) foewed Wi mgvimless gmahunications

(40 f M .of transmt antennas (403-1,
403?%}6“51%2@3?&%8%%{5), whi ch signal includes a nunber

6f subcarri erscdivdt2305) forpeodgsd signali(Hod) {rd@ ) nfi@ber of transmit
det er.m ni ngl, 9 Lt y.1ndicat.or .
repdPtihg ?@8?1%@??(@3& 3@114)9%’%‘ fcgﬁlgcr)l?l lg‘éirl%fg?d%@g?rﬁfé?%camers
basétl2pn a sel ected transmt antenna configuration
associated with said cg&hg)cfti n of .subgarriers.

and. for
det er ni ni ng PEEFHINHE SRR (A q?ailltyalt"glﬁﬁor’ QL
t o sgbotlingobiettfbon cofleSiohadrshidedubcdriieraGagddans 8cléétéd transmit
et er mi ned reportin ornat,. wherei.n the .
17 G GoRRPE S isba i Ut IcCHe b SerEre: g o
f or @ekermiifing IRE, aEMB&E 10 ¢ QI KaINSH9)REBBIING s£50 0blldgtisrAdfisMtarriers
such that, the _glr a&ul ari t)é of C% reporting depends on .
t he ThifsBidrnciYaf & teimamet G rentHEe fomat.dhelsdy g peagessing unit is

t 2 ggﬁmgsd apt enpea 16D MQIgpakin® Nforritdid the 8018d1d t@Asmit antenna

( ) for transnmtting said P CQ values to a base

st afPr&‘rgu(a&em@ﬁh% ﬂfee%ab@ew %@b{epmewpezds opyfhe number m of
180D itdafsnti E4nMnAR of GV REted ARG EARAlNAgliBid, AddM 1,

wherein said collection of subcarriers (401) is

di vi ded i nt & tewaHbEr (487 ForirsveitingptiihdegubRhrrlpes to a base

gr ouRgod %00)4n a PedBkfHANGHO said CQA reporting
format and wherein said proCessing unit is arranged to
determi ne one CQ value (409) per subcarrier group for

each transm ’Fheaiﬁgﬁ[&_nl%rrﬁiﬁgsde%ce %Q@l? %cco‘%&ﬁQ % cfé%%'lf"_llyr}]lgfein said

the selected transnmt antenna configuration. . _
2Rpbicplectier ofi snbdarrgpes/ (48 ) 1¢ AOIded inde Qrmaimbegr afmorion¢rinpning pubcarrier

s I e

t he upiyrip errangedfto detgmeing oneutiQ b @PO) bre swbdagridr emoup for each

tra%ﬁ@n&it %Htte%nfh%-l, 403-2, 403-3, 403-4) of the selected transmit antenna
configuration.

25
3. The mobile terminal device (401) according to claim 1 or 2, wherein the
processing unit (406) is arranged to adapt the granularity in frequency of CQI
reporting to the number m of transmit antennas of the selected transmit antenna
configuration.

30
4, The mobile terminal device (401) according to claim 2, wherein the
number of subcarrier groups Q is based on the number m of transmit antennas of the

selected transmit antenna configuration such that the number Pcq of CQI values (409)



configuration. 4. The nobile term nal device (401)

according to claim2, whereinzihe nunber of subcarrier
w@emupes7® i s based on the nunber m of transm tPENSERNDNEES0S09

of the selected transmt antenna configuration such

t hatlettfignedubibbe mPE@smafanEhas wathd asledtdDOrdeitantrhmednfigiration

the. mtransnmt antenn of the selected transmt . .
ant STHERERIY APF S U Bl Rt T “p SRk yagions having
di f tigfeant meeot ethshitamsiat. ant enna confi gurati ons

havi ng di fferent nunmber of transmt antennas. 5. The
nmobil e term nal device (401) according to claim2 or

4, wher e: n sniedn@i%ub@ﬂﬁauideﬁc%_(mpacoafcﬁgggto\é%@kﬁdz ioA 4O wherein
non-over | appi ng subsets accordi ng to sai , .
r ep&t Rriybeagigrgtovanare ittt t moniaiapingtsabsels sgepydipg o said
ar r aageshotithgt fo AR Fhd whedeth BE@anEDier(@d a8 akA28) (HAdsRE said
T tinme periods, such that the CQ vat ues relating

I to
t he Psub&dvpives (449)tirag drtineseeriodn suah thatdhe ¢Qhyalyes redatingrio the

eac byychier %}gﬁﬂs @ onBsubddd §re MRRInkiRed BB Bhe Sighce (401)
according to claim5, wherein the nunber of subsets of
19ubcarrier groups T and the nunber of subcarrier

groyps Q ar el"}@dlﬁ%i[%dteﬁﬁ’inglh@eviaymg efezorﬁi'h@r@ Midim 5, wherein the
antennas (403-1, 403-2, 403-3, 403-4) of the selected

t r anembar oa srbserp af subadrrigugransdnanscibo nembgy of gubsairdr gopps Q are
rep ' f . r1 0fnaC al >

(03] leRe B Filnuel1Gh ubikh blEwRUTRRY, Yoo SRU0YD, 05 of e
t he sglentasl, trapsmiT hetenmddné guretian asedrdidevd ead CAD ryporting format such
18¢¢ ﬂ{ag b gluﬁqgerc(lf% lue (f{%g kr%s&li]t?edq# Q‘F §f tirgg 3%9%? guobstgxgtively
Subcarrier groups and §1°Zes of the subcarri er

gr otipsamee further adapted to the number of transmt
antennas (403-1, 403-2, 403-3, 403-4) of the selected
transmt antenna configuration according to said CQ
rep@rting fdrraholsiiectertinat ddvive (AQIyberording GQclaial &) egherein the

409 ransnmitted in each ti riod is_.substantivel
{ ho Phophdr YT RF st RE Bt T 488 e Siires S S Ry G are
200mpburthet aigpd td the arhben bfb@tsmafanterigue $403t 1, d03-2)08S3, 4@ -4) of the
The qoﬁkﬂ)iif?lee term nal devi ce. 401% accordhr&g)to cl aifg1 1 h
or ST BPH CRE I POEEYRTEY A r?‘“@&%é‘)‘ i Ia{Fl?Oé?f&e gy suc
adapHat tHaewgbanéfl @Ol ¥afuek (M09) FensafittddGh eh@p@hé b&ddtiOsibe@ntively

A LR TR R
(40 hnAGEMSGhAY to claim 8, wherein the
25
8. The mobile terminal device (401) according to claim 1 or 2, wherein the
processing unit (406) is arranged to adapt the granularity in time of CQI reporting to
the number of transmit antennas of the selected transmit antenna configuration.
30 9. The mobile terminal device (401) according to claim 8, wherein the

transmitter (407) is arranged to transmit said Pcgr number of CQI values during T
number of time periods and wherein T depends on the number of transmit antennas of

the selected transmit antenna configuration,



transmtter (407) is arranged to transmt said PCQ

nunber of CQ val ues during Tapunber of tinme periods
wapaombesei n T depends on the nunber of transnPE¢T/SE2007/050509

antennas of the selected transmt antenna

contl.gur at i dre ].IﬁoblrEhErrﬂmbli devidee (0l natcoettivg o afft @I )claims 1-9,

according to an

o oRBER g e ot LS Rt MEPREL B o8B Gaidarlegipd amtenna

sai tbrgighatée dmanttoe BAEbIBR Ndnit@iis adonfguraine tfodsitiab| 4sh) to be

antenna caqgnfigyration.in mat i on 11).t ,

t r aH&Kmge 3&0 tsg‘gsbﬁfedStB‘éEg‘eg4§§)alf“| sgig f(eéfg’ﬁik %‘ﬁnag é?@)’ which antenna
§ eechimighragdONAImbodkRSlescrivh &Y RRE N MiRterhaRtbh fHuFaibh oNn

i nformati on descri bes said sel ected antenna
configuration. 11. The nobile term nal device (401)

accor.di ng t arhelnddvite 2tmivi @ERES (498 £kcaain@nNB@laim 10, wherem said
configuration information (41 1) specifies a trans

ant aHFE2 SoHEBEatigR dermatien( )t%ﬁe%fé%*w R4 pRIPRIYR SE“ZEitZI)SSOCIath

of %h‘éa&;%lk&aﬁiek 206t 31aREAdCKiIb L5 Ssubdedrierd e NI | e
term nal device (401) according to claim1ll, wherein

19ai d sel ected transn1t antenna configuration is a
subget of miy thCMa‘P ABASe g@i ) &fcoﬁﬁngO M iy ,e{i/h&fein said
, 403-3, "403-4),

transmt antennas (403-1, 403- - ,
mheﬁ@éﬁqupdrﬁaasrm antgmaThefigasiion ds 2 abasteam gagmganiers put of said
acc € a-enn

con |gura ?%ﬁa%lgrﬁ (Q)?r]t%tafmg 4&& ?Q‘ggécfﬁ Agé‘@her%lpénném

ant enna decodi ng order associated with each subcarrier

41 of sai coIIet on rier
1rgmb %e t er mi N5 cnén?ajlgi‘f @@g{a C%réhrig Sy a‘mn%ﬂ?herem said

whe Bﬁblﬂla&ahﬁiglﬁa&ioﬁ dhfethmdtioarn$m) speifies Anenaoin hn@MaaieCMg order
i ncl udes t . ant ennas
(40 R gty Oy Seim BT o bl RET S e

specifies a decodl ng order for said M nunber of
transmt ant 15. - The nobile term nal device o
(3013 accor dignaile Ao Ceng 10D St o Sohepen sid
201 aR8#Btddt @dnsiftGblenhS cadflan@ed idcudes anNSMishidSMi @inddf 8N Gansmit
conflguratlon i nformatiaon in said feedbac

si gAREIes 68y - 1p 0 treatrs 3 fl()%%)fﬁllglp',%hah@ =M, and specifies a decoding order

Si gférfshia M huddbdr o Rinshdiadichbds. val ues (409) in a fixed
or random pattern. 16. A nethod in a nobile term nal

devi ce (401) conprising: receiving (500) a signal from

M nygber of tH.apsHie teaRhONNRRe (403 akcordB3-18 and Q8 chhims 10-14,
403-4), which signal includes a nunber ot subcarriers

26 41 Whereesait wppitHEer( B07) isaaremesthia Urasaniy tajd ApEIREagafiguration
CQ intb&RALL GLEY fiR Rt feddBhek signal (408) by means of puncturing the least

significant bits of said CQI values (409) in a fixed or random pattern.

16. A method in a mobile terminal device (401) comprising:
30 receiving (500) a signal from M number of transmit antennas (403-1,
403-2, 403-3, 403-4), which signal includes a number of subcarriers (412);
determining (501) a channel quality indicator, CQI, reporting format for

a collection of said subcarriers based on a selected transmit antenna configuration



a collection of said subcarriers based on a sel ected
transmt antenna configurati onassociated with said
w@odobmad7son of subcarriers, wherein said CQ reEDSEIONT050509
format is adapted to the selected transnit antenna
conhdsguisted wath ssidchliédnat of hbcgrianuwadreinysa@f CQ@Jeporting format is

reporti epends, on the nunber. mof tr i.t ant enna

o " Saeteddh BE POT R S Em P SrpetiSip Fisda H P BRBAR ca
det espbiting gpdndO® 23 tRChmbeinherf teihsiiQanteahddas thel@8gcted transmit
relating to.sai.d collection of subcarriers in

accBHMEEACE G ®he determ ned CQ reporting format:

and tr an? Tb%%eieﬁﬁin(r@?@b%}é%{ ntAaR¥r fn(tgléghluas(?ztoe)T ﬁelebi&@&o said
station. in a feedback signa : . The

et Rt PeRcAgietsdn e?carqaﬁ-v%syltmﬁ%%?*ﬁn%%i%&mqr%ft&fpw; and
of subcarri efagsthigtingi (S0sechid REY CQINUIRRI o base station (400) in a
non-over| appi ng subcarrier groups (1, 2, 3) according
to Espclosend 6f48)ting fornat and wherein one CQ val ue
(409) per subcarrier group for each transmt antenna

of the selected transmt antenna configuration is _
18et &7 ni ned. .Thegmetod AccPiing 42 cdpiln N thesdini fpid eobgetion of
17, sMegkiglsNs ERRINADW alhbet of Roh-LEGABMAY s@cal} groups (1, 2, 3)
reporting is adapted to the nunber m of transm%

ant a¢fREkNgfo sHe &peemst foanainind whersiinane CQI value (409) per
Congﬁ@%i@t ! g%hp 1 CZTJllle tlgﬁstrﬁp%néﬁﬁaoroqh g ge@e_c?elda'tr%siln?t' antenna
wherei n the nunber of subcarrier groups Qis based on
t he confizbetiomis@etemiagsni t ant ennas of the sel ected

ransmt antenna configuration such that the nunber

CQ of CQ values (409) determ ned for the mtransmt
ant ébnas of Theemethodatoodling enelaint 1awr dinsyherein the granularity in
Confflje :;:]951 bf’@gi Ye §Hggti9%alp¥e§|t .tﬁehlﬁmﬁz%pﬁq gtﬁ&angﬁlrtfaﬁtreﬁlws of the
sel ected t rangm t antenna con i gurations havi ng
di f fedewatt transmip enterofa confzgusation. ant ennas. 20. The net hod
according to claim17 or 19, wherein said Q subcarrier
groups are divided into T non-overl appi ng subsets
2accapdi ng t dIlvameth&@Dhcoosidgy toi ddgmf UF, veteream thewhwarber pf subcarrier
said P Ofbcg va}l ues (3409 |.S tran mitte thdurli ng T ”
ti mEPEY 1 0odA EL¥h eI RE P Lty 8t MRglrecq Hansmi
Subaatkfinacionfigvatipd safh thaeths ubakdr PagetG@INSies {496€) datermined for
ggc I’thﬁ:{lg Irtrrgx? el{ alr?geghﬁﬁ%'é}}ezggctgg %grﬁgaétaag?e%g éorr]l gltlrgtio%l isalsurlg]stantively

the same for different selected transmit antenna configurations having different

25  number of transmit antennas.

20. The method according to claim 17 or 19, wherein said Q subcarrier
groups are divided into T non-overlapping subsets according to said CQI reporting
format and wherein said Pcqr of CQI values (409) is transmitted during T time
30  periods, such that the CQI values relating to the subcarrier groups of one subset are

transmitted in each time period.

21. The method according to claim 20, wherein the number of subsets of

subcarrier groups T and the number of subcarrier groups Q are adapted to the number



subcarrier groups T and the nunber of subcarrier

groups Q are adapted to the nymberof transmt antennas
w@boobhas78el ected transmt antenna confi gurati OPCT/SE2007/050509

according to said CQ reporting format such that the

nunbetranshit @lennaalofids seleand mpishdidantadng aadfigutanen peotdag; to said

IS stantively th L 22, T t hod accardjng to..

ci ot B SO e AU Py L s Tat Ro SR gt ime

gr opp®dTs sabdarttivelyshezeameof the subcarrier groups (1, 2,

3) are further adapted to the nunber of transmt

antennas of the selected transmt antenna

gonfl.gur at i dhe awdtlrddicagrding 6 @laiin QQ whepr the Agmbardfatbsets of

such that the er of val ues transmitted in eac
1 BT TS 0BT BT e HEORON. S PG adbpted
sel gcthe huabteoM G dngdhhad bOMS seIREMPRd iunahdmdt ahtbfrar®htiguration

nunber of transm.t_antennas. 23. The nefhod according

Lo BRaiReLlS Sha 150! Visr et e gv%n‘ﬁ]aartbq PUPRCT P vaues
CQ iR tiingach SinRFBAGEHE stiRtahiR 1N U bSke RF diffeAABd¥etted antenna
antennas of the selected transmt antenna

1% onfengigreatiens sompusingrgidferspy iatpert tgpanihgpiengat | ai m 23,
wherein said PCQ nunber of CQ values is transmtted
during T nunber of tinme periods and wherein T depends .
on the nunbéthegtethodapeandipg Drlumnigor 47, Wiveeis thegranalgrity in time
trapseiQ SeN R SRplel AYr B indRber2Sf wdGiBhOREs of the selected
according to any of clainms 16-25, further conprising

sel BRSTHGNEARALOREEWRE®d transnit ant enna
1gonfiguration, establishing antenna configuration

I nformati on Tégl % whi ch ant enna confi guration

i nf &t-mat i on Tdegexthaderscerding g glaie L&awhgieiaipigd Peor number of CQI
co n?élgééri?‘irbr%ﬂrit_te%ﬂﬂrifr}%ql%mbu St ngd@ﬁde\{"ﬁ@ein T.depends on the
configuration infornation to sald base station in said

f eedialek o§irgrmit api¢ @8 of the selqitesl transthip dntaesrafiguption.

cl ai m 25, wherein said antenna configuration

information specifies a transmt antenna subset
20ss@ti at ed Wihehmetheh asedydiag rio emy (of ¢1@dmsofl6-8&i firther comprising
col Lection of subcarriers. 27. Th ac i

cr ar SERE ikl SR, Rl o Ay SEROnn CEREHAY bienna
contorfignatioro imformagors (i3 ptwiodh mté¢nnansmiguraiot emfoastionitdescribes

R T A e e
t o elfedinai@bio swiddael smtivaimtkaaftaiback ssgnaf (408 at | on
2énfor mation (41 1) specifies a transmt antenna
ecodi ng order associated with each subcarrier of said
col hecti on Ofheshiib@r dcc@idig to claim 25, wherein said antenna configuration

information specifies a transmit antenna subset associated with each subcarrier (412)

of said collection of subcarriers.

30 27 The method according to claim 26, wherein said selected transmit
antenna configuration is a subset of m transmit antennas out of said M number of

transmit antennas (403-1, 403-2, 403-3, 403-4), wherein m < M.



29. The nethod according to claim28, wherein said

selected transmt antenna conkgguration includes al
wm@boos@osis™M nunber of transmit antennas (403-1, PEDSE2027/050509

403- 3, 403-4) such that m=M and specifies a decoding

or das. for sdihd nMtimdrdsesrding t¢ claims B%,t wisendie said anted. corfigiration

net hed ac an clains 25- ere

ant glnonnarllacon 4qgﬂ%’§f 1|%ce)n Xra?%r?lfrﬁq?né‘ﬁ dl%gocfrga%r Hi ?Sfocbat‘?dawgh cach

sai shbteechdcdid solfpaadn ¢f40&urreys. means of puncturing the

| east significant bits of said CQ values (409) in a

fixed or random pattern. 31. A base station (400) for

ﬁsezﬁb n a w rikkessthednmondisatid @Mmsg/tst\emarélézﬁi)d selected transmit

isin a transmtter (4 or transm.ttin
S P R Aiebs Tt A o e) miskbes i G capet Jagp-1, 403-
frop4eisy %BS#) fth thatnsM dndapéceivdasdelstint drder403sazh M number of
403-3, 403-4 a receiver (421) for receiving a

f ecHHLIW IS (408) from a nobile term nal device
(40 1); a processing unit (402) for processing said
f eedback si gnal to extract PCQ number of val ues

192089 rel at ithg mohed awsprdig fogyot damg ?éu%?ea‘fhﬂe& gidygpfenna

to exipaelior @RS ANEdngMIiRY 110 Baill fifée‘aBzIBthl%}ﬁl (463) ) means of
speci féepg a selected transnmt antenna con uration,

whi BYchong by gast signiicant bis obsaig i@ valyes (éo%@ a fixed or random

reppidetNg format which depends on the selected
transmt antenna configuration such that the
granularity of the CQ reporting depends on the nunber

19 aptennas AJBaSE Igﬁtlé’f?h@é)t ﬁgusterlﬁlQWeksmmﬁﬁcanons system (470)
configuration. . The base station (400) according t

cl akemBBingpher e| n sa| d collection of subcarriers are

di vi ded intgq thngH@Fgug’f foPQ&s&Ytﬁﬁé a8 he[]%ﬁ‘)!%ﬁ{dfng%fnumber of
groups (1, 2, 3) acc Ing t porti
f or sebcarsip (43 freiniM eawhereff trslzﬂrmlt @@nnaﬁa(HQﬁeé, 4@21@9‘)03&3 403-4);

associ ated W [0ei0RGa0h BRMIHBCALLIREL HRMPS0H Ko FEmobile

of the transmt{ antennas o el ecte tra
28nt emmaalodemice A gt i on. 33. The base station (400)

IaﬁC]?It glqﬂgnf:s %r:pgésgpn%’ %?5023%& ngsg#l% Sélﬁ‘ %ee%[)z?cﬁlgéa%%fewextract
t o Phe nnmbdyesrf @Qbﬁalmasa(mwhrtlamgt @maﬂleafonsa" sdidsmbetiegiand to
tr a@)%tgcg an err]&lae Qor}l%gurap %%lorrr%gtlonrhl 1) specifying a selected transmit antenna
configuration, which CQI values are in accordance with a CQI reporting format which

25  depends on the selected transmit antenna configuration such that the granularity of the

CQI reporting depends on the number of antennas of the selected transmit antenna

configuration.

32. The base station (400) according to claim 31, wherein said collection of
30  subcarriers are divided into Q number of non-overlapping subcarrier groups (1, 2, 3)
according to said CQI reporting format and wherein each of said CQI values (409) is
associated with one of said subcarrier groups and one of the transmit antennas of the

selected transmit antenna configuration.



34. The base station (400) according to claim 32,
wherein said Q subcarrier groups are divided into T
WO 20w 0vEs! appi ng subsets according to said CQ PCT/SE2007/050509
reporting format and wherein the receiver (421) is
ar rdhged t o Theclwisy estasian d400Ckccoudimgero ofinCQ1 val3des/herein the
r ol gr)amgant?l g { %-%Jen(ir}/g%fgsralrdl @&Fr’ep%% f<)tr11’|;1gtto is éldzg)uebggg ttheal}um%er m of
r eceanseni aneneaofi sdid sadecpeniaognit 8bennd benflgameost at i on
(400) according to claim3 1 or 32, wherein the
granularity in tinme of said CQ reporting format is
fdapt.ed to tThe baserdagion ¢400) anslig to@hiie 30 a8h@Ein tsdie Q subcarrier

sel ected tran t enna onf| ration. .36, T se .
SCaBRUR TEOD)ACS: RGO LBAORaE HaRs “WRSHEE fp PHECOL Fportng
r eCﬁerSlfan(i 4uhdiein tBe adrcelaaqeml)tmarraagej M&e@medalﬂ%] nihhBest CQI

ety (s dRurkit i perbnuan Rt o O aRER B Bipbcarie

of gﬂaapmloﬁ@maettafeae@aﬂ%u iR A8 peigdf | gur ation. 37.
The base station (400) according to any of clains

1-36, wherein said antenna configuration infornmation
(4134) specifhcesasd stdtidRS@DE) ARbRAMIA S YRERT3128530] ahe@in the
wi th each subcarrier (412) of said collection of
sub8@prylpdy dn timg of sy CRA sworing oyt adantehiochs Bymlyr phtransmit
any a@fnrad &4 IS seRbied Grandi ARl s@GuARLENNA
configuration information (411) specifies a transmt
ant enna decodi ng order associated with each subcarrier

1§ 4123 of Sa'ﬂe%Mnon(4o‘é)le&é¥dﬁdg% %lam$95 J}t&?elpﬁﬁ?ecewer 421)
station (400) according to any clains 31-

whefsedrrnge @ jseaecesssd Koo uwmben qib2§QI| salerchlng@& pynber of time
ext pétfhis S dnBRRERABRANLA I RhiRAof Hzrg keqnas(éflthg‘lzelected
fromleast significa Its of said ues

t hatratsavieanisaencopiigereigred in a fi xed or randon1pattern

to carry said antenna configuration information.

20 37. The base station (400) according to any of claims 31-36, wherein said
antenna configuration information (411) specifies a transmit antenna subset associated

with each subcarrier (412) of said collection of subcarriers.

38. The base station (400) according to any of claims 31-36, wherein said
25  antenna configuration information (411) specifies a transmit antenna decoding order

associated with each subcarrier (412) of said number of subcarriers.

39. The base station (400) according to any of claims 31-36, wherein said
processing unit (402) is arranged to extract said antenna configuration information
30 (411) from least significant bits of said CQI values (409) that have been punctured in

a fixed or random pattern to carry said antenna configuration information.



