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METHOD AND APPARATUS FOR CONVEYI NG PRECODI NG

| NFORMATION | N A M MO SYSTEM TECHNI CAL FI ELD The
whh&9AMs2d nvention rel ates generally to a net hgdrgffhos/osie

apparatus for supporting wiyeless transmssions in a

t el ecommuni cati on system when nultiple antennas are

lFJ)SGME'tBI)‘l@mb't y [APPMPUS?FEIR CONVEYING mEﬂg?gglg

roj ec : .

LTE (Long TerﬁNE@g%ﬁp¥Q§mhgﬂd&ﬂﬂgﬁcysﬁ§ﬁ%@ﬂeed Packet
Access) have been specified for wireless transm ssion
of data packets between user term nals and base

TESHRICANSFIBLB cel | ul ar/ nobil e network. LTE and ot her
syst ens generally use OFDM (Ot hogonal Frequencg
Di vi si ohRBRUPFEEEB%i mBYSPRIBPVIRY2REFt Fpnerald¥efy 2

e r skls-C ; -

e e A PRAPRELS HOr (RUDLBEE in WEFE1 858 FEnpRKTotTons
indavtdédcomnunicabiont syahemewbanhmél egjpbacgnteneasoare
combination is referred to as a resource elenment. In

“s?ﬁrs description, a "sending node" is a node which
sends information carrying signals over a wreless
link, and a "receiving node" is a node which receives

BAGKERRBNRf ul |y detects those signals. In the case of
downl i nknt 5ABBIM(§81 Qe 8 FEPAIARGNAE J Pr25R21S the
station and the receiving node is a user termnal, "an

pagkeb-switahédr capmunkcaraosnéystens LTEhéLosg Térm

=g kol EBRURRER HadhBeed BReRY: CBkeFe 8T hbe aen
spabdfieli 8br| wiveloss WrafbASSsEOATYRI ath0PaskEet 8Nbetween

user terminals and base stations in a cellular/mobile

network. LTE and other systems generally use OFDM
(Orthogonal Frequency Division Multiplexing) involving
multiple closely spaced orthogonal sub-carriers, which is a
well-known technique in the art. The sub-carriers are
further divided into timeslots where each frequency/timeslot
combination is referred to as a resource element.

In this description, a “sending node” is a node
which sends information carrying signals over a wireless
link, and a “receiving node” is a node which receives and
hopefully detects those signals. In the case of downlink
transmissions, the sending node is a base station and the
receiving node is a user terminal, and vice versa for uplink
transmissions.

The use of multiple antennas in signal sending
nodes and/or signal receiving nodes may enhance capacity,
coverage and reliability in a wireless communication system,
e.g. by achieving increased data throughput and/or better

signal detection at the receiving node. Multiple antennas
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e.g. by achieving increased data throughput and/or
better signal detection at the receiving node.

wobdobj1piss, ant ennascan be enpl oyed in both userpcr/sE2008/051247
term nal s and base stations,to enable parallel and
spatially nultiplexed data streans using the sane
radi o channel resource, which is commonly referred to
as "MMJY' (Multiple -Input, Miultiple -Qutput) . In

canﬁrlié @Eiplla a/eldTEri DAHH il L ehaiing1de%@laoRadet @tations to

port and utilise M MO related techniques to provide

erfﬁ’fglr? d%@tré]flétleélqdr] seakd@ldly audivdpiexedodaitai shreams using
e MmN AR1R5 SEHARIN LA YL eSY S GRAL RIS P B rreq

rel evant OW ng eécrlptlon i NC
tq \asd éw!EIrh@"Cdd?mllhl\pl‘E' -dmptl,t MolleipdeeOmrputW. MAX, UVB
Utra bi | e Bro ban GPRS Packet Radi o
(SerV| ce;\P g‘l)TE.&?‘ﬁ é:llﬁr%&nt bheéng developed to

SUPPBRMNIiGRE |lﬂ:ri§.)lse |M'IIVM Mi1aredeFechtRdiedl to provide high
mul tiplexing is obtained by transmtting plura

datd aqqtas i3 é@mqr@rbl@ammgls cgrdis ignst. hethawewikmdess
e 1 g@&. (8 il e%g%h pedfahs ane thg
y sep rat er | aral

spatla from each by “means o
fqhhnwmng daaanmprion'ﬂmshmdmbunomh nw&abbahdscgﬁalsioﬁsion

.a streanB ein tt si mul t aneously js
TR FEsd RS (BleRer k1S Baphabang) o, coRs
(GBhea@aptHatGketh RaFid FerifizR Masd eamt QthB%aQU 5¢8Bkm for
channel conditions or properties, significant

Mqhﬁﬁﬁnﬂ9ﬂ&ﬂﬁ§Q%£}QQ§)achleved "Transni ssi on rank

 ansm o0y o, BReee Shatial, AEARABLERIAY ThopbPRinea

byxnﬂanﬂmmuuﬂngl@lmumﬂewwrplahﬂe1hﬁosmapdbh cAm@?hﬁg signals

f |t d 'channe
2ty GETE (S0 Gy ERIIEE Y P2 688 A3 CERBRPE Fbgnals

ar¥f gpaltiiianhe |ﬂd@ed§&&@ﬂl%aéheoﬁﬂb9559dmbﬁn§abfhpﬁﬁ?al
current channel properties.
transmit antennas. The number of parallel signals or data

streams being transmitted simultaneously is referred to as
the “transmission rank”.

Furthermore, by adapting the signal transmission
to the current channel conditions or properties, significant
improvements may be achieved. “Transmission rank adaptation”
is one form of such adaptation where the transmission rank
is dynamically adjusted to what the used channel is
currently able to support. Another form of signal
transmission adaptation is “channel dependent precoding”
where the phases and amplitudes of multiple parallel signals
are adjusted to match the current channel properties.
Classical beam-forming is in fact one example of precoding
where the signal phase of the signal from each transmit
antenna is adjusted such that the signals add constructively

at the receiving node.
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G assical beam formng is in fact one exanple of
precodi ng where the signal phase of the signal from

wE391bdsensmt antenna is adjusted such that tﬁ@r/SEzoos/051247
signals add constructively at the receiving node. The

paral l el signals to be transmtted frommnultiple
antennas form a vector-val ued signal. Wen precoding
is enployed, the signals are effectively adjusted at
t he sendi gpﬁ§éé1§} Pionagisy tegbeh&raasmitted fagm

muitd8dl BA:8aRCLOEheA, Br GEadSt. Uaghgé 518h310" pRgAUT ©

ica Iy in I'ng and
prenddhaglds ampﬂpyedL shews;ghakesarafefﬂabtﬁnemytadgﬁsted
baS|cg$I produces a se ﬁgnce of information
e

ato XA, PROOLPR g dse YO RO Y RRS: LHE BeFEPFerasyRgorLanal

byShl ealectelepredolieramathraker #hid0BrobBabik8: id ilfiustrated
different layers 1-r are shown inplying a transm ssion

schgartdcadly IRuEigrhd .sAgreding Badt medudntied usit, not
sh%%gprkgﬁgsogngogﬁég oﬁl ?xgbgg i&hgéngndobggggﬁ%%g a

["erre of "a vec ch®are
prpdeceden saqhgﬁaé ofnipfecadeionnthri9ingasyibol vectors

. precader matri x s currently used to adj ust the r
i el baE ALl et stBbod SthREre KeLaenstosor fg "layers”
100unter Feg .t I:Lansrru&f@@&aaﬁaaa%ran&eanaraoghéwﬂsQﬂlplifbﬁg a

r synbols in the synbol vector s are thus multipli
trppsmassipny rangr e€oder Thusr i kha/E@gpaéduoebantaapamnEded

155 SBRELUEH B 3 tHhiha| B EB0ICHE Yl B el GBRkce

ofaawslymbblowecrarner, . whiehpaeduced Ohbb ai praksdareunit
then finally transmtted fromthe antennas or antenna
10Borts 1-NT . An Nx N R M MO channel H, used between

a sendi gg pedeowethubl tt A3BSMh ﬁ?tfnﬁ ASr&PYaér ma Jflx W
recei ving node with NR receive antennas, is genera

1srggrgggﬁﬂyduﬁpdhtphgdmpsz KRe r symbol streams in vector

s, where N; denotes the number of transmit antennas or
antenna ports used. The r symbols in the symbol vector s are
thus multiplied by the Nr x r precoder matrix W to produce
an adjusted symbol vector s’ which is converted into OFDM
signals by IFFT (Inverse Fast Fourier Transform) units 104
in a well-known manner. The produced OFDM signals are then
finally transmitted from the antennas or antenna ports 1-Nr.
An Nr x Np MIMO channel H, used between a sending
node with Nr transmit antennas and a receiving node with Ng
receive antennas, is generally represented with the Np x Ng
matrix, and the precoder matrix W is often chosen to match
the properties and characteristics of channel H. When
signals are transmitted over channel H, a received vector ¥k
for a certain resource element on a sub-carrier k, or
alternatively a resource element k, can be modelled by the

receiving node as:
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wo 2000855583 gnal s are transnmitted over channe

matrix, and the precoder matrix Wis often chosen to
mat ch the properties and characteristics of channel H

He1/882008/051247
received vector y for a cergain resource elenent on a

sub-carrier k , or alternatively a resource el ement k
, can be nodelled by the receiving node as :y k =
HWjc + ejc (1) assumng no inter-cell interference
and that precoder matrix Wis known. The terme is
nodel | ed as a_noi se vector obtained by realisations of
a rando¥xprol¥8s. +| @ channel dependdnt precoding, the
precoder matrix may be selected at the sendi ng node
based on information on the current channel properties
as reporatmmimgnrtdwelnteneiceildg imbeer flearenive aeﬂdithgt

0 a .feed report Qnmon appro s_.to
plrsée “hatrp}lxe?? "M x Tﬂeo%\eﬁnbﬁédgg ée%&d ofs &
ndilsRC G%tdfatdbt%ﬂihed gzrrfe%Q.ﬂs@tﬁ%n% e2dabeakawhi pRobess .

known at_ bot h nodes. debook based precoding is

genermI%Peﬁﬁﬂﬂﬂﬁ%ﬂQQquﬁﬁﬂPTErgpﬁﬂd@ﬂd thiee precedeirng
mltiiBe AP P SN R T Aehaiff! B8R bHSCGLLRe""

chann properties ased on measur enBnts OR Si
infroamsytiisyl ars theo murtrense wihiangedo geopeypiesl h; aebaﬁeed
station, and_eval uates th reco er matrices in

L2 OB 50§56 1S RRE 0% PSpFPSEe 18N8 ﬁSFdE@@k

réporthe 0 Wohiitn GeRFidaicing s t?sh%eu%@el ‘th@gp‘%@@%défpﬂéh?lx
back to the sendin eg_ﬂnode a precoder matrix that is

Exame gmniedaf ingd fegnaf rrassdessmesrignd . t mefermadngo as a
IR HIh AY FrlRirPY rekx,o%hsg o2l © RUERAAR’ LHBLE! X

for the transm ssion, recomien one-rnto
pnﬁnﬁdxngzns(genéﬁailweempmowgdanethayLmucsﬂﬁﬁﬂdra.

si ngl e ecoder trix sum n I over
g FﬁC@éﬂfﬁﬁ}%ﬂoaSen c)all i us r terminal,

relativ
detects the current channel properties based on measurements

on signal transmissions from the sending node, typically a
base station, and evaluates the precoder matrices in the
codebook to determine the most appropriate one for use in
the current conditions. The receiving node reports back to
the sending node a precoder matrix that is recommended for
signal transmission, and the sending node is then able to
apply a suitable precoder matrix for the transmission,
taking the recommended one into consideration.

The receiving node may recommend a single precoder
matrix assumingly covering a relatively large bandwidth of
multiple sub-carriers allocated for the used channel, i.e.
“wideband” precoding. Alternatively, when the channel
properties are notably different for different frequencies,
it may be beneficial to match individual frequencies of the

channel and provide a frequency-selective precoding
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nultlple sub-carriers allocated for the used channe
.e. "w deband" precoding. Alternatively, when the
(?Eyﬂ,gﬂgjszpropertl es are notably different for p(l:f/gﬁogi%suﬂ
requencies, it may be beneficial to match individual
frequenci es of the channel and provide a frequency-
sel ective precodi ngreconrendati on, specifying
different precoders for different sub- carriers or
resgpnpadasien. t Arecdfdingafdff erentspiecpdensr gyl different
subl L H16-870X CoublBORGL EPERCCRL. B CEORMATALNPLEEL! Y
requi res substantial signal I'ing suppor par
for frefmeacyesadktefrometheeabdivag shhnnesd. dépendent

{ to.th b -d ed feedpack sigpallin
o PP et Bibe R SHOUL s PHBSSehRiAY Ridaniiing Sdpport,

pagtgsalbhing fartheeqa8ﬁm%tse@é&esbé0§reéoay9g035hamé§SOIn
necessary to indicate recoder is actually used

addjitifge §PgﬁB¢ @P@HQnﬁQ§F§hbe@bﬁ%%db@ﬁb stauahyingdérom the
rega¥v98ﬁt98dés§ rgﬂe EeH?§?§bﬁg§%é regﬁQiifﬁ& Qéethe

rel eva reco repor erving=no and
oppbsitecdnveoglondtsnuyplahsmynakeosneeesbary poeihdicate
in order . to rocgis the_.recejived s

WhiEh, BEEPPUeTn b5 SARENELLY UPRAnER| FiSheLuReh Eransmission.

Heﬁeeeluhegs@ﬁdfngnﬂoaaem§§nabagbéogssﬁﬁadb§:rﬁggcsﬂtained a
t he sendi ng node nerely sends a brief precoder

00€§ﬁﬁprﬁﬁtrehevan§|paecﬁgemhéen@rttﬁﬁomecbqneﬁqedV1ng node,
anfll EAR0ELCCTY1HEOnBAE ARE LEMohaRR! uBESLETLEYong is used

can“be use I's pUF pose,
incou&drneanprhaésshehéraeeanvéershgﬁahppbbeﬂe&bfy

reconnended recoder é " coul d nmean that
anot her T Eo@gPBP§ PEx agﬂﬁlaéFﬁuP?tﬂ?ﬁﬁoEE? Fecaigdng

no&EeéﬁBytﬁéeééhéhﬂg hBSepESﬁOSSrré&ﬁ@gﬁeﬂgaEhQnse Q@ing node
exanpl e, al so be signalled I f the feed ﬂ

merﬁiwrﬁandénacbnannprebedsurcecfiymdecQUedladlcaelng
whé%ﬁgk”QhQOQScoER$ﬁ&8& pEQSoSQPYS)DEEEOQeenCQBE ng 52 not .

Basically, a single bit can be used for this purpose, where
"1” could mean that the transmitter has applied the
recommended precoder(s), while “0” could mean that another,
possibly fixed or default precoder is used, thereby
overriding the precoder recommendation. For example, “0”
would also be signalled if the feedback information could
not be correctly decoded at the sending node.

However, the above precoder confirmation scheme
implies that any decoding errors in the feedback information
should preferably be detected, and the feedback information
must therefore be coded accordingly, e.g. by including a CRC
(Cyclic Redundancy Check) in the report, which increases the
report size even more. An alternative to using a fixed or
default precoder scheme is to also signal a single wideband

precoder to the receiving node. Other precoder confirmation
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implies that any decoding errors in the feedback
i nformati on shoul d preferably be detected, and the

information nust therefore be coded pct/sE2008/051247
Wég@g}?gﬁzgly e.g. by including a CRC (Oyclic Crom200
Redundancy Check) in the report, which increases the
report size even nore. An alternative to using a fixed
or default precoder schene is to also signal a single

s ohehed At P A Bedrd pHIRET WHIEH @R ndthelecessary to
recoder confirmationschene have al so been proposed,
d%?aﬁwe:ﬁ dekst thaudvarinateade ofr iepdd isditd vt Isdggialling to
&ad o L1 iﬁgg%}}ﬂ%h [ CRI VI d
t%is%:h fr‘géll?g)r%?yqézs‘% %&gfi ve relec dtggs}%la?:?elrvgc ur\élc gle%%egre
adiyually swefl dy rdde, searide b ovdepr ehed aboven pireratiean

. can thus be enpl ed.to suhstanti all reduce
C{Fﬁélr}g'f%uln = &erkg\fjeq%necﬁrfrp HIRa RS STRLGYERe tPe SRS EARtially
retie tHee feetebdidvera®wignindundt @d tHabekseiving

originating froma particular block of information

nqdg-s, often called a transport bl ock, can be referred
to as a PHPIBNWYELG bid¥ S LD ' to
descri be the out%lﬁ Elpogm gﬁg?&fi“@;dégﬁc%%%ldggﬁbhi%
oxilgima td nutformat iac pRepdaiulReQidsck pfodessimativnnbias,
i cul.ar. transport bl ock and proyiding for
ofﬁ:i%r% é:ﬁa;i rrllaeéis iao%rg&sz?l%fq-‘e?’ﬁéjﬁztdu§ﬁ? g’&: 6‘8%&’7586%\%& gs &
" dAR@IqYdICe Thiig teire s sv anisel iseadiihg Lagh Qeseaeéeefigas the

turbo encoding, rate matching, interleaving etc. )
OYHT fxaP CodBveid i sere@ldedd "HAR i (Bybrhdt Aytemakic

R AHRUEEY ) O iR 530N U} 1 RRAG. g&&&%ﬁpardekgn}‘s@sm
pl ur al codevvoré)s Can be transmi tt8a sl tansous ,
blgak dndhwresiding thor cedeanshissivanossaay’ errbagously

38X e 'enoa]\r endi node vvithifourl trsansm'_t ant ennas
PR, Gadeictfan AT Fracisra iy sesmppea oo ng
sAtgyatich add thrbcARthcoding, rate matching, interleaving
etc.

A generated codeword is modulated and distributed
over the antennas of the sending node. Further, data from
plural codewords can be transmitted simultaneously, also
known as “multi-codeword transmission”. For example, in a
sending node with four transmit antennas 1-4, a first
modulated codeword may be mapped to antennas 1 and 2, and
the next codeword may be mapped to antennas 3 and 4, and so
forth. In the above context of precoding, the codewords are
first mapped to layers instead of being mapped directly to
the antennas.

In the field of multi-antenna transmissions of
high data rate, a specific feature of the prevailing channel
conditions/properties is the so-called *“channel rank” which
indicates how many simultaneous signals or data streams that

the current channel can actually support. Basically, the
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the next codeword may be mapped to antennas 3 and 4 ,
and so forth. In the above context of precoding, the

wE SfsMRyses are first mapped to |ayers instead ﬁ@n?§%&&ELM7
mapped directly to the antennas . In the field o

mul ti-antenna transm ssions of high data rate, a

specific feature of the prevailing channe

condi tions/properties is the so-called "channel rank"
channeh ragkcaarsvastW AuAp SneukpPaheobBeslgaatsnunbeuntaf

crBRE AR bR oDy She BBl B ELaRE P oLHE Lin3tRE Hh
reteastingunbéesof respasnitveand FefeéxampméenmﬂSapuﬁsethO

at the sendlng and recei ving nodes, respectively. For
SYgkgRpFathi Aoy 4§§aﬁFNEFS?§Fgﬁ?§Ftﬁn@oEWOtFﬁﬁ%ﬁY? antennas,

th8NheRNASmaBHahWe1 " 88RkY Esap{,gNnas, the maxi mum channe
rank is two. Furthernore, the channel rank may vary in

time, ngrtbﬁnmerﬁLuchaaphngnséranakemQYSuehyaénfaéme,

e. %adggg 3”91h9£?5g§5§N§3r£¥8L8§ lguéﬁfggefgggaggding and

hannel "propeér FEeover hé " chanhe

inderfefenee bopicabyyl ay€laenaadthét enahney prsperties.
codewords, that can be successfully fransmtted
M°§FHMFFanEBESF9anP§ﬁcEaand?ﬁ%rEbP?énPOUhﬁﬁﬁﬁl1?&ﬁksrsand

ul@ﬂh&t@ﬂ? whes ébHE%BéH@OUEhXttEéﬁsﬂétghegegﬁﬁully
codewords mapping to two separate layers, I.e. uSing a

trangmibtedi shmpihanepushy Hhecewolﬁlghalsurrent channel

rees din he ¢ rds nost
rafifl 457 BRLY. 8% Brc st REa R Suthy, BB b Fadetbtra)
codeweetiedmapping tecewwi Bgpasdee YHporpl ecodingsifig a
enpl oyed, the transm ssion can be adapted to the
tréﬁﬁﬂhéﬁlPEnEaﬁ§ 88i hYcasthanfwpajiguaks cREregpeading to

thehaBaglokalkwild AostMRhiRe gS§ntsefaréa¥8fmbéh that both

transmtted over a particu ant enna. However
codewbedsohreodewondoucdyt deheatednmay théf recéivimgheode.

nurber ﬁgen precoding is employed, the transmission can
be adapted to the channel rank by using as many layers as
the current channel rank. In a simple case, each layer is
transmitted over a particular antenna. However, the number
of codewords to transmit may differ from the number of
layers used, e.g. as in LTE. In that case, the codewords
must be mapped onto the layers. For example, when four
transmit antennas are available at the sending node, the
maximum number of codewords is limited to two, while up to
four layers can be transmitted simultaneously over the
respective antennas when the current channel rank = 4. A
fixed channel rank-dependent mapping of codewords onto
layers could then be used.

Fig’s 2a-e illustrate some examples of possible

mapping of codewords onto layers for different channel

ranks, and when four transmit antennas are available at a
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| ayers used, e.g. as in LTE. In that case, the
codewords nust be mapped onto the | ayers. For exanpl e,

woBR9ERY transnmit antennas are available at pfEsrr008/051247
sendi ng node, the maxi num nunber of codewords iIs

l[imted to two, while up to four |ayers can be
transmtted sinultaneously over the respective
ant ennas when the current channel rank = 4 . A fixed

serfline Inddnk Trflepen dejfurEnpivey pof depdewsr ds epefation of
| ayers could then be used. Fig's 2a-e illustrate sone

ErANRITENNG S56SR I IRIF 19 PRraddetordensise Wajehsis
wd - . dherieNte v aie! 1R ea%Sta\‘HBﬁ%ggo ltflrhﬁt P%gﬁmcgd

antennas are avail abl e at asendi ng no

lavens exe "G/ riderrtedomthepdoalri antehnasaadlobyi ag

eRi A Y oo R sl Tt aibe] eRzepmaaipeshe

ldyiey Dyameatissiofl kU] st ddhprkevieanmarras BE2iBY1dy as
precoder unit 200, which adjusts the synbol streans in

d?%ﬁf%Q%ﬂu%?QﬁF'neans of a selected precoder matrix
basi cal I3 a8 fesqy ihgd-ARQMR 1 1 Fige 23440058 rcgﬁka_%

1, one codeword CW 1s napped onto a single layer
mappel pntzh armsdngleadlayer? Ll .aIh Fig.cltewhedeCvhanks= 2, a

BRP SRR i o, By orall Ei2tTIRRE T Bhthe <

sedRiE daidword PRl mippedodater & S¥bohd layer L2. In
alternatively mapped onto two layers LI and [2 . In
Fig .q 20 VheHs &aidnic 2 292in.f ongr codewmsad Clly ips

IR Sl ) oYty 35R0RS CieLE 2o
whedre damkFi=g.3,2&@ \zﬁh'_e:lset cadeword CwWa filsr sappedenontd &VWEirst
L T G o ol Bl B8 3<Shegidal AiEp >
sdafl layeand.2a aduat kHiddenayér 1L,3. In Fig. 2e where rank
= 4, a first codeword CWl is mapped onto a first layer L1
and a second layer L2, while a second codeword CW2 is mapped
onto a third layer L3 and a fourth layer L4.

When dynamic transmission rank adaptation and
channel dependent precoding are employed for a MIMO channel,
substantial amounts of MIMO related control information
needs to be signalled from the sending node to the receiving
node to support the precoding, as mentioned above. In LTE
for example, a control channel called PDCCH (Physical
Downlink Control Channel) is used for conveying such MIMO
related information from a signal sending base station to a
signal receiving user terminal. The PDCCH is currently
configured with various information fields in which 16 bits
are used for MIMO information, out of which 8 bits relate to

precoding.
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When dynam ¢ transm ssion rank adaptation and channe
dependent precodi ng are enployed for a M MO channel

j al anounts of MMDO related contro
W(?%@g}rl?n%%il on needs to be sigpalled fromthe se%%Tl/%%ZOOS/OSIZM

node to the receiving node to support the precoding,

as nentioned above. In LTE for exanple, a contro

channel call ed PDCCH ( Physi cal Downlink Contro

Channel Howevazeditoiscendegivhgckuih théOexeébttind ways of

inf or. mat | froma_sigral sendjng base station_.to a
copVg¥ans, Melo, pi BeBroHr FRurtSdnan BORRREL SR B PBAR I y
seadihggtbad vwbth yeate@usngnhoeasnt 48Neke@mpUs£i83WBYCHhd 6

bits are used for M MO information, out_ of which 8 ‘
abgyvesmepfipRedoPRFEHodFREE. RotRYee, signadlingr avpskradnis

I SN f VEeXL a 0 ;

T o R O b e E P EBE Pl ine
magobe, saxienehyl réededely implmbngethent conedoPDERkhnel

t hat I i [ L rhead js requjred. As
cobBhed Wik Siess PRk’ BimRkShOcPdchinn il Hisrugehef mmo.
Fugeheesky, radueedicientysuppbbet ngonbeeh pha¢N8Ld for so-

coverage may well be a limting factor in the use of
cajlfpd LFaREHFRLPB, TABKePVREFEdAE iDppbet aha¥epdeacribed

prgﬁgaggegoﬁggrﬁggg Led transm ssion rank override in
t he above -described precoder confirmation.

Transm $xapamigskonveankdevehuideethest haanshehaendhag
naode is _ghle to override the.reconmendati on_of .
sepdifgReds ohs, BRECoFPPNEET 1 #5nt PReT PERBTGPHRCASREOT

trahbmibuiehi eanki bytaBiebefushl thei Pe68YRLAY node. This
si tuations, such as when_the buffer has very limted

fugrpiAPaléfydaey P8 YeRfuloinwAeriesehedituaglonsa such as
erghehb GaBeby AL Ly Patioko ApobREL 1 B o0tk or
whepf ecbedulingconl| a addnifdonanthgnsmaHMRE) part of the
bandwidth than what the single recommended “wideband”
transmission rank refers to, etc. In addition, when a HARQ
process is originally transmitted mapped to two layers using
transmission rank 3 or 4, that HARQ process cannot
efficiently provide for retransmission if the transmission
rank is reduced to 2 due to fluctuating channel properties.
Hence, it is generally a problem that the payload
for conveying MIMO and precoder related information, e.q.
transmission rank indicator (TRI), precoder confirmation,
explicit precoder matrix indicator (PMI), from a signal
sending node to a signal receiving node is typically large
and requires substantial signalling bandwidth. Conversely,
when only a limited given payload size is available for
control signalling, there may be a need to support the

signalling of additional control information.
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process is originally transmtted mapped to two | ayers
using transmssion rank 3 or 4 , that HARQ process

ficiently provide for retransm ssio
W(??@H@%%Sgéi on rank is reducgg to 2 due to fl u&%@?#@ﬁsmsuﬂ

channel properties. Hence, It is generally a problem

that the payload for conveying M MO and precoder

related information, e.g. transm ssion rank indicator
sUMMARY , precoder confirmation, explicit precoder

matrix indicator (PM) , froma signal sending node to

a si gnalltr dGcip @9Iigcde ofs thepprasent| dnyensmgn to

11185 RS i ' [ i Cony Y,y s

IGRALT AR s oy BRciadl dhBveCoUER RS ac
if am cdojteadl ts gnaiviiideg a tsedue ioay thataenabdesoasppaated

the si.gnal | ing of. additional contro
sirdr i & Phen Y BT BEesPIeRe TRl BL e
ir foseadioh Frd@e Restindd nd #odes tbha ReeBk eRgOHbhENednd/or
. above. Further, it is an object to provide a solution
ingyavesh #fifds igncyd gadd fdiegdRilliity Soar spadiafhen

' r r I d _Lnf iop . fr i

P AT IS ahf) SRR Rk B ReaByjonea
byarad nfd tdrddbiand apparatpast agicordingpkexichg. athashed

. Opj ects and.others may be acconplished by a nethod and
1 - &4 i‘ng to the attached i ndependent

cl ai ms. AReeREdhEY tboonBeadpRet! . adn8BhBAUi5SpPEPYEEETin a
in a first node for_conveyln%_preqodlng information in
figstomads feassqgweydng peespdingdénfphmagidopagn a control
| rd iJ2f [ t i he tie .
nRR TS S, | P AEReRLE SO R By Tafbrtion
tHatr stesamd beac prdpeadtdesemfl ayi agsspatcal wikelgkexiaga

téﬂmﬂ r ecodi for sending codewqrds corresponding to.
BRSO EE ST, Wire hiFE 888 gapgnd nodes employing
spatial multiplexing and precoding for sending codewords
corresponding to transport blocks in the wireless data
transmission. In this method, precoding parameters are
determined for inclusion in the control message to the
second node. Control information bits in at least one
precoding information field of the control message are then
encoded according to the determined precoding parameters by
means of values in payload size related TBS fields in the
control message, wherein the TBS field values are set to
determine the interpretation of the control information bits
in the precoding information field(s). Finally, the control
message with the precoding information and TBS fields are
sent to the second node.

According to another aspect, an apparatus is
provided in a first node for conveying precoding information
in a control message to a second node, the message

containing information that describes properties of an
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transm ssion. In this nethod, precoding paraneters are
determ ned for inclusion in the control nessage to the

de. Control information bits in at I
‘N%?@@g %8 information field,of the control ne§§§%%3&§ELM7

t hen encoded according to the det erm ned precoding
paraneters by neans of values in payload size rel ated
TBS fields in the control nessage, wherein the TBS
askoelidted wésedressdatnotdenemisséonhbetweenptbeafioat and
of the control -informti g zitslkn he. recoging .
SELRPS: iR e&nePP&Pang)SPa R4l MY CERECESREr BROnREESGEINS
fdw senthiagpeeaedbrdsi ebetreeboaaiagdtdBerhhebdstab@osrBt in
to the_second node. According to another aspect, an

th&pH&F§98§sl§aﬁPo§F&§§m#ﬁséoﬂlr?FenBBEaFéFuéoﬁveyhﬁgflrSt
noBleCEapRd sEaf of g%tzealhg Re€ @R A1 ndPA30C Al pRe8oE8N

node, The nessage containing In tion
de@egmnnbeprpcogenglpsreme&B35500|hEednwﬂudbéssndaha control

transnksskgn betmeﬁa t e f&ﬁst and s?cond nod

meB8586y it tE5at PSP UPPASI e XM g2 RRET BFEE0 8L RY F8Pprlses a

conerdlnfessdguoedsoaahgeapeidhtigptedt eanepebtiebkeaksoln
the wirel ess data transm ssion. The apparatus in the

infporeptignebdbipinsas aeﬂﬁ§c88?n§r§§9@#ﬁ9nFﬁéoﬁﬁﬁﬁlon field
fa@ﬁQtSGQEQOthgggh 3 QE%BQGHH earegﬁtﬁéﬁeEﬂ d precoding

inclu In the co tro messagde to the second
pafhme&pparayumeah500£onpﬂu3851a papipafl seseagelated TBS

e REB RO LB oA 2R She! AR BERA G varues

arktheetoRbr getapmsnge thecahefpreeat iendeteEenedntrol
pr ecodi ng garaneters by nmeans of val ues in payl oad

ingpFmarapsy &t$B$nfﬁ@?d§rﬁﬁ°@hégcéﬁﬁpemaﬁé§§a§e31d(S) The
appaehell E(echBP %bﬁk?lﬁ@%ugs FaftmEQSQSEG%ghagn%hﬁnlt

interpretation o & control ormat1 on
adpP@@ddtngsenﬁothatconttoélmess;ge WhehapparprESOdlng

1nfdrhd2ioh0dRG' 388 216905 26 TRES398.38NdLAg unit
According to yet another aspect, a method is
provided in a second node for obtaining precoding
information in a control message from a first node, the
message containing information that describes properties of
an associated wireless data transmission between the first
and second nodes employing spatial multiplexing and
precoding for sending codewords corresponding to transport
blocks in the wireless data transmission. In this method,
the control message is first received from the first node
and includes precoding parameters determined by the first
node. The precoding parameters are then detected by decoding
control information bits in at least one precoding
information field of the control message by means of values
in payload size related TBS fields in the control message,

wherein the TBS field values are used to interpret the
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adapted to send the control nessage wth the precoding
information and TBS fields to the second node.

W&Q{%Qfl%sgp to yet another aspect, a nethod is péﬂ%’i;@%ﬁgosuﬂ

Ina second node for obtaingiyng precoding inforna

in a control nessage froma first node, the nessage
containing information that describes properties of an
associ ated wirel ess data transm ssion between the

cdrith®dl aRtarANddedes aPIad PIetBaling iM¥bihRkExhng
fégﬁafrecodlng for sending codewords cofresponding to

$ort blocks in the wirel ess data transnmission. In

this net . n I e_is first_receive ‘

Fom t ncRoraing TANVEE! MBIRARCaLBELL! She' SEPRYER s 15
pmsticted rigd abyseidomd incgle fede obthe nihec petergdpaganet er s
. e then detected b ecodi ng cantrol information bits
LTI 41 fe SETOd: AESSREST RRPMOA £AERG BPdghethe

méﬁyﬁdéﬂcdﬁ%&iﬂ%%gbﬁnﬁ%&ﬂétQBnV%hﬁ%sdEQcEQ%EQagré'é?ties of
related TBS fields in the control nessage, erein the

anrgg sqcdiarefdawics lgss (ad@ toansmasgion beéweenr the first

iNf ' it S I LRg. | ti.on field(s)
arld (TR MRl Bl oy dop BER T3 0nu L OpTRL 8D, £hf
prEcndiogd fior senddingd codderoirds ebiragespbadphgcedi Bgansport

infornatk&g in a.control nessage.froma first node

PLAE S 406 ¢dntdeTongatar SFRRFMGASERR: dBecRrPRBEatus in

tHY GRIdriehode 2ompEseeisabedoptiehentsdaba Eéé@%%_ﬁg' fAit
bet ween the first and second nodes enpl dyi ng spati
agdaRtad|texinegedivg phec sontFolomessadengnedudwpgdprecoding
j r . s.ip.th i dat
pEIRY BB ar Hiaskopbll il hERRRa-d! frs
campseses ongnrilomeseagegdecredénygi ngitnhbBapdaft ed detect
recei ve t.he control nes agﬁgkg Ludingagrecodin

tHg, PRASO IS BACARSTEA S PVt ASCPRIEE ROBBTo+henaaFaREiae

bidls$Sdn at least one precoding information field of the
control message by means of values in payload size related
TBS fields in the control message, using the TBS field
values to interpret the control information bits in the
precoding information field(s).

Different embodiments are possible in the methods
and apparatuses above. In one exemplary embodiment, bits in
the precoding information field(s) of the control message
imply different predefined sets of precoding information
messages depending on the set TBS field values. In another
embodiment, the precoding information comprises any one or
both of: a transmission rank indicating the number of
parallel layers or data streams being simultaneously used
for the associated data transmission, and at least one
selected precoder matrix used for adapting signals
transmitted from multiple antennas at the node sending the

data.
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conprises a control nmessage decoding unit adapted to

detect the precoding paraneters by decoding contro

i jon bits in at | east one precoding i '
W(??Jé)%g%%ithe control message by nmeans of val Blfégfll n()bt%]51247

payl oad size related TBS fields in the contro

nmessage, using the TBS field values to interpret the

control information bits in the precoding infornation

field (&rcorgingetenifuathedi embodimeatsosshel data te

[ K at S..above. 1 n _one exenp] ar

IR A AP SR UM oD 90 X e g the
presiodiing paranriteals mRes aRE drifiineddibhisee din RAeIehtNefannel

sets aof precaoding information nessages dependi ng on
PRIRE EE e ST HRACRR, A s Foerband: RePosthaeeded Eom the
seRIRRPHidHe | RNAI/F YN HRRNEE 3FY r%@%a%{ﬁnﬁ%tsllo?lfs auB to

transm ssion rank indicating the nunber of paralle
decgdding @rr@asa adt tdemselgondg nodeu| Tase sesiopdusnedef aay be a

SQC| tr m ssion, and at | east one )

t%ﬁﬁig%?egggﬁgggdgﬁg%gtP%& uded %8raag§§Fiﬁ§ PQHaP§d§r1n9
thier diesmiinidd thr aramshiiitphpldnkedaga akcbhaingdeosendi ng

thedﬁaJ%crﬁhw to further enbodinents, the data is

COVENESR PEEFOFLTH tRErMALEioRede to the second node and
the pregadbRfepabAbBhEMEntES gﬁEe&ggnfgeQQEGHSQniEdicate a
current channel properties indicated 1n a teedbac

Paydead: sigeeppdd toowesponddogniionstie, paydbed byzehef a

. u f.retr 1 SSi_ons due t ecoding _errors at
12 L Repblh BN i3 #4Rohd FESRGeod e BRrRal e
payfleatii sizenpdé rmapybehanbasesetahisonTesden)ndnihtating

termnal to transmt uplink data according to the .
thadn Fefd Shr E098WRES AforRAPLEA. 2PA SrRBFMAKEEd Wathssize

TBENGhIBS &l skdeniByokadbeat &gadﬁééﬁaﬁgﬁ,Sbi—eagai('i'BSL TBS2)
corresponding to the payl oad size of a
indicating that two codewords are enabled and transmitted

simultaneously with size TBS1 and TBS2, respectively. The
payload size pair may determine the interpretation of
precoder information bits in the control message to support
transmission rank override for precoder confirmation when
frequency-selective precoding is employed.

The control message could be a PDCCH message with
precoding related information fields, the precoding related
information corresponding to a “Rank Indicator RI” or
“Transmission Rank Indicator TRI”, a “Precoder Matrix
Indicator PMI”, and/or precoder confirmation, wherein these
parts in the precoding related information are jointly
encoded.

According to further embodiments, the TBS field
values are used to indicate a HARQ process to codeword
mapping according to (TBS, 0) indicating that HARQ process 1

is mapped to codeword 1 which is transmitted, or (0, TBS)
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first transport block and a second transport bl ock.
The payl oad size pair nmay then be set as (TBS, 0 )

L ndi Lhg that a first codeword is enabl ed aggr
Wé?@h@%}swed with size TBS while a second code\/vor/%IEZlOgS/051247

di sabled, or as (TBSI, TBS2) indicating that two
codewords are enabled and transmtted sinultaneously
with size TBSI and TBS2, respectively. The payl oad

indicRtAMy tHRY UARe proeeckBe i AkenRppbat t8Nc8HeREL§0UEKhich
I nformation bits in"the control nessage to support

ig raassmddited, r ok (BEAn| dBSROr ipddcatiengdcbhatr aadewards 1

an\gl%n afﬂee%%%@)c)éia?l%Hng% e R BnﬁAhé Eggl:?%gdtoTQSdeword
cont rol” message cou e aP nessage w

mappdeedmay edlsat e uwskdr wherentheell8S, fibédpretadsngre used

rel at.ed i nfornmatign cor.r.espondin 0 a."Ran ngdi cat or
aqgera 9'?Phﬁgﬁﬁssgénlﬁgﬁﬁagﬁﬂﬁcﬁgﬂﬁ ?ﬁpewoﬁé"éréﬁoder
t%s'iﬂi?&t'e@lq' &2t qQio, PMBs) Qﬁ@i@&tﬂh%?@ﬂ&& eentivbrat bois
wherein these parts in the precoding related
triamssyiredeidon oar d TBSilnt MpS@hc dnddcatppgorprhgcpdevardaet and

5 € oi%ggp%&angggttgg field values are used to indicate
a p
0)

rocess to codeword mappi ng according to (TBS,

I ndFoxthey pbasibARQfpabuees adndsbempfitistof the
codeword 1 which i.g.transnitted, .or ( TBS) i ndi cati ng

PR HARS S O8s &2 Y en&b‘BgalPSdcaaegBngilﬁhg‘éﬁ is
ddgaigrildrethe10kv.( TBSI, TBS2) indicating that codewords
1 and 2 are both transmtted. A fixed HARQ process to
codeword mappi ng may al so be used where the TBS field

oSk Qe BS, 0 ) indicating that
BRcogg\%:gr%fR? S trgﬁgm ttg)g{,AthE%O, TBS) indicating that

codewor @h2 davenanesm widd, now bEB&kpldBR2§ indnoréidetail

b}}p h%atﬁqcﬁog) \A%rmlpd 3 g%&ﬁ &%\&%rﬁg.mg?l rs] o}a{iaﬂ %rﬂ:ht %g f e?g{lég e1r:o the

accompanying drawings, in which:

- Fig. 1 illustrates a precoding procedure in a signal
sending node using multiple transmit antennas, according
to the prior art.

- Fig’s 2a-e illustrate some examples of how codewords are
mapped onto layers for different channel ranks using four
transmit antennas at a sending node, according to the
prior art.

- Fig. 3 is a flow chart illustrating a procedure for
conveying precoder related information from a signal
sending node to a signal receiving node, in accordance
with one embodiment.

- Fig. 4 is a block diagram illustrating a signal sending
node in more detail, in accordance with further

embodiments.
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present invention will be explained in the detailed
description bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS

WJE](E)9}1£]3\§${]“ on will now be explained in nore dle(t:ﬁﬁ:tot@//osuﬂ
nea 0

ns™of” exenpl ary enbodi ngpts and wi th reference
t he acconpanying drawi ngs, 1n which: Fig. 1
illustrates a precodi ng procedure in a signal sending
node using nultiple transmt antennas, according to
- thig pr$ oks aa ttable A hlest2eating |hist ridel donim exX POas

d I f diff t
e P B ST R e e el "

sembimga tninste, Be cFEhrgaiee Wi PrdmS L1 - edbdHimeds, @
flow chart illustrating a procedure for conveying
precoder related information froma signal sending

DER4eEbODRseREBPofecei Vi ng node, in accordance with
one enbodinent. Fig. 4 is a block diagramillustrating

a si gnalheepdiesgntodevientionecdnt bel used aoceedapeethe

. W .yrther_enbadinents .- Fig. 5.is a.table.
sifhbiiHEl BRE-RERATHERRES, rox pleedant BigBatiinge auddor
tot prendiadeippecodar fuekabedityf epeatbadeyif ?ﬁf@&ga@?e

wi t h another enbodi nent. DETAI LED DESCQYPT The

TepRESENENLAYBALLBR caf Belhowa -t bt eaucalenebsi yradl kag
thYQEEeaﬁyn§€Q§gaﬁgé EE@EQQEVsgggaﬁhkhggsRéﬂglﬁérgo
['exi bl r yiIng p er

provi de 1 nproved ex Ity conv reco
effaraentdliynf ergut wobhiasptrevholéngl headarasieebeessediictions

askPpLblLED R0 SEXARREH. b BLA9Te T, BRGHLL 10, 2020 T
restri citO8 assumed that one node is obliged to send
control information to another node that describes the
properties of an associated wireless data transmission
between the nodes, and that the control information should
include fields with information on the payload size of this
associated data transmission. These fields are generally
denoted “payload size related fields” in this description.
Briefly described, existing payload size related
fields in a control message conveyed from a first node to a
second node, carrying information on the payload size of an
associated data transmission that the control message refers
to, are utilised to also control or dictate the
interpretation of precoding information provided in one or
more specific fields of the control message. Thus, in
addition to determining the payload size of transmitted
transport blocks, values in the payload size related fields
are also used to encode information bits in the precoding
information field(s) according to precoding parameters
selected for data transmission. The bits communicated in the

precoding information field(s) of the control message will
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di ctated by any standard protocol (s) used. It is
assuned that one node is obliged to send contro

on to anot her node that describes t
47
Wég@g@%%s of an associated . w rel ess data trgﬁ%%sgzs? 86 P12

bet ween the nodes, and that the control information
should include fields wth information on the payl oad
size of this associated data transni ssion. These

tﬁuﬁlﬁ@w AiFFRMMt HprieFiedd’ Bayrkoad préeonehagt ed
fields" 'in this description. Briefly described,

1&%@3mahygnp@ﬁ5@aseﬁ ﬂ@Pﬁ@ﬂ&PQdoﬂl§h@svaﬁu§Sc§ﬁﬂmBPlcated in
}%3&%:&10% %8‘1 1T £ e&%fs %? Le ﬂe%‘é%&@d PREGeby
ng | nformation on 't Si ze anh
pnnﬁmdmng(héh&&uaeﬁﬁamammgy andtﬁaExubelaoytwmthaBSSage
.refers t o, are util.i.sed t Iso cont

t h
i CHERE, o0 VB Ao SOATA] B0 PRBERBAder BELGBGvEAL Be

At iWedTaE mtReC iddt@a iflll Bedowobyt Iwagc ofit eRkempRaEGIe.
Thus, in addition to determ ning the payload size of
embogidantsed transport blocks, values in the payload

size relgfeqdi %QQI% e‘f'nﬂlo%%du%%@d{o S ggéntpe Payload

information bits 1 n the precodi ng 1 nfornma
si(z nﬁianaﬁ|ﬁ}aldspﬁa@odﬁﬁgrwadanetass“@BBedﬂednﬁport Block

dat.a i.,on. . The bits communi cat ed
SR SRS P YR (ST MG TEBT B RNEN Yo RAY SPefle S1A8 e
remddédwlﬁelmy ‘e Hditf faieMe RIsedeftoredmpemett iRgEERd NY
i nformati on nmessages dependi ng on the val ues

invgrhifcatfer Mestheaydpasadigese ineLafed theefdslds
4@%%? %estdﬂu%rc%bwiro%wt%ﬁg st MG ezﬁaaehse& aaﬂd
flexibility ng

w thout i ncreasing overa
Cagligrch éahemghli Glo iwitilly @et@emunebehelpayﬂoaddeuaelobehOM/

RO o e ed PSR S0ge tiPRa p g Fada aFseinvolved as
walal atReH i @s gar Qrfeefx@rdimmeya&e'f’é%n( TreNSPORYG.

Bl ock In any case, plural fields in the control message
may jointly determine the payload size of a transport block
in an associated transmission, and these fields could hence
be mapped to a certain TBS value. The present invention may
thus be generally used to exploit the presence of a TBS
value per transport block, possibly inferred or implied from
other fields, without relying on exactly how these TBS
values are derived, which is outside the scope of this
invention. Hence the term “TBS field” should not necessarily
be interpreted literally as it may also refer to an implicit
or inferred TBS value.

Furthermore, the present invention is not limited
to the terminoclogy of TBS fields. It should also be noted
that conventional channel coding of the control message may
further be executed, in addition to the above encoding of

information bits in the precoding information field(s).
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Size) fields" which termmay represent any payl oad
size related fields that can be used for inplenenting
tion. For nost payload sizes in LTE,
Wégﬁ)?d&\é?gserved for resour al  ocati on and @&2008/051247
(Modul ati on and Codi ng Schene) jointly determ ne the
payl oad size of a transport bl ock. Sonetines
additional fields are involved as well, such as e.g.
Thuge \t88uRASREY)NFePSi BFSCRMING dndormatiop bats, byl weahs of
ol el h 0 a ly determ
e Ry Fosd CroeogHiyaTEtods MRLeLTha het€ B onfartg ot
bet confmsssdi enthandyt keseehitébdalcenhanbeéneedhagmeppete
1.%0 a certain TBS value. The present invention may thus
€'general |y used to exploit the presence of a TBS
val ue pehet paseartt ibhveslkioRosnhBh¥si BhEk 88 8kmation
inmplied fromother fields, wthout relying on exactly
enfdiviefed® ¥hs parcediage infprmationhfinladsdupsi thet he
[ tiany "T Id"
R R EaT esh it SUER, p8"rr HRRATs 5 8n 5, Pt (o).
preepdelrs conéfiemataocan expﬂncnt precotierr adtTBS ¥ablieator
rthernore, .t he_present vention,is not limted to
(eit3  ERR RS 36906 EY TRRePAERd<BY| RELhSaRTTAFES b8 HBReHn
thehphyteavertzenzklabaanesscedengsoint BRI §ORLYO! further
message may further be executed, in addition to the
CORpEeESEARoRENEhEf SLARAAARBoAVErheafiningurpedchi ke
cohE%B&”EhEBQm%kghﬁ Egh bzhHépl%ggdenﬁﬁghngsgpﬂpEﬁigdIng
Information bits by nmeans o S or
sodquival ént paacdéser,i bagpbetefor sheubkbonetdbeceabédsed
mﬁ%h any . eonv %lonal .channel gdlng or the Iike. The
eupkdeRrdihVeRE; bRoBRRSFELODN SRk PEPRELASn LORt PERERIPK

cohlferphesedi ag wanwraatteanémeggléﬁ)oefatB@nngt&eheword
message, such as transm ssion rank indicator (T

over two- 1ayers, can be added without requiring any extra
signalling bandwidth.

A standard PDCCH message is configured to contain
a precoding information field previously called the “HARQ
swap flag field” and currently referred to as the “transport
block to codeword swap flag”. This flag is normally used to
indicate the mapping of HARQ processes to codewords, e.g. to
indicate which codeword to retransmit. In that case, the TBS
fields in the PDCCH message can be further utilised to
indicate the codeword to be retransmitted such that the
original HARQ swap flag field becomes redundant and can be
omitted, thereby further compressing the precoding
information in the PDCCH message.

Fig. 3 is a flow chart illustrating a procedure in
a first node for conveying precoding information in a
control message to a second node, the control message

containing information that describes properties of an
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precoder confirmation, explicit precoder matrix
indicator (PM) , can be jointly encoded. By utilizing

W(%E(ﬁm){ﬂs%es in the payload size related TBS f'le(l:ﬂﬁioﬂs/osuﬂ

I'S way, further conpressi,pn of the signalling
overhead incurred by the control information can be
achi eved. Wien using this solution in practice,
support for the above-described functionality of

adIRAI SIS AR N @dls @&Q&ftQﬁnEﬁ&sE&SﬁogﬁbIQQEEQVBBEtQQl
as well as transm ssion of a single codeword over

mllh&é—ﬂléy@m apgh preceddag KorhsendiagurrAgyonrAs extra
i gli’%%d‘ﬁ"r‘% oétsia%@géd PRECH; TBSSAG8. ! & % be a

gure o] conta| a precoding Information fie
daﬁmewem@ahg m@Hheanﬁh&héHAECbsﬂapoﬂbagaylbbda datla

cur.rentl referred.to as the " rt bIo k to
re i TRy Pragice Yeresr AdtPCORB: huprPdaega (o

infedndtion ie ff@rl@l@.'cﬁglgf coh@yeroOEsmes HALE0HEWALHE. node
e.g. to indicate which codeword to retransmt. In that

ta asdatghaersd viing @eden tite iPDELEONDSSGBL8aRObEONVEY Such
t
pre¥ddist, . Hfleo'é'ﬁng&:l;o 0 e Cal aakaereeg@l%% hngeFPag

retran that the origina swap
sefnidding @ananmpdﬁed@nganunaMhecaasbewh&htthd,fthstehgde is a

urther essing the precoding informatjon in the
bas At et der s 2 LRG| Pe2hir bher sefrhdonoae,
thrtQ%QfBﬂlQ uplank daianedecrdingoRveyhadcphoe9eingrecoding

_information in a control message to a second node, the
1%8&1%3%@ ¥akbhanicRE tRANOPREEPERTL RAE g&3ppMbEsion

ra*}n@p% i£$3 £Of cadRas Y o ped wtafehs idatd t%@?;@ A8han

enpl oyi ng spatla mul t i pl exi ng an preco i Ng
regeyidiimy cedeworadsl civer éegoidadgisotheasspont hbdeksending
d'Ehe first node may be a data sending node and the
&cond node may be a data receiving node, or vice

versa Ald Heugls sunmRePdha® the used control message is
configured to contain fields reserved for information on the
size of communicated transport blocks or the like, i.e. the
above-mentioned TBS fields. However, the term “TBS” is used
in this description to represent any parameter or set of
parameters indicating the size of data transport units in
general. Further, the term “codeword” is used to represent
any predefined set of encoded data bits. The control message
is further configured to also contain one or more precoding
information fields.

In a first optional step 300, assuming that the

first node is a data sending node and the second node is a
data receiving node, a feedback report referring to the
current channel properties may be received from the second
node, e.g. according to the above-described mechanism of
signal transmission adaptation by channel dependent

precoding. Typically, a receiving node is obliged to
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information is typically conveyed froma data sending
node to a data receiving node, it is also possible to

ch precoding information froma dat
W‘?%@éﬁ%ﬁs% node to a sendi ngy,data node, e.qg. incy%%zoos/osuﬂ

case when the first node is a base station that orders

a termnal, being the second node, to transmt uplink

data according to the conveyed precoding infornmation,
freqyenfilyhpyovedeaisncpr Eesdbackndeppahsntostbr sendingnnode

. , e ion_is the.first nod .

iny 38eE78E KERE ARGl R R icrnibs BBSRatRobReretn.

A seadbmgséaba.rhhkianasanEdrthategbeﬁgﬁddrcmattgbfs may be
i.s.configured to contain fields reserve or

reRROERERo Ao hiendeerpBck: TEBRRIN 24 BANELaNSFoRbove.

HoweQels ehikhgtbpkRiay! be. okhletalodeparAthgned fRe

. fields. However, the term"TBS" is used in this
imgdemengatéant o represent any parameter or set of

ar anet er.s_i ndicat.i S| .dat ort_units
e oenern @ BxERGras 0% CpEec8ife BakbRltaeL abE
detepménedt oangepeedetli fied aat askoenaedadddabatbhhsmisBeon

i.s further configured to al so contain
begontrokﬂgfgsage S 2oL d s

W&<Br wBr Beg&Png" RaYi 6APraFls2 Fragspipgion

raﬁRtbﬂﬂ?brSheﬁraagfiﬁé&UEEEGoaeﬁtm&h?iﬁlr?henﬁggcbéiﬁg
data sendi ng node and the second node is a data
parapetersgcaBdbe determbnel eppdenaldyebasag oo the

- t ti e eiyed.fromthe
refdivey’ reanatl: PLBREL, RTLHBYSR obARE, BEHs5 Pikea
addéthanaimyobrshgnaknhtans&ySFéonsedapéagLOﬁhBY3ﬁbaﬁBebf
ependent .precoding, Typically, a receiving node is
regsgPa@aSFaBPéqagn53§apé§9iBe éﬁEﬁ feeBgABR PERBFEsatothe
retBevsagdhBgenode in order to keep the channe
properties up-to-date therein. A transm ssion rank and
one or #A8rdepgrrdbadr akavei casraagivéng node may recommend

certain precoding parameters in a feedback report, and the
sending node will then either confirm or override the
recommendation. Further, if no or insufficient basis for
determining precoding parameters is available, the first
node may select default precoding parameters for the data
transmission. In either case, the second node must be
notified which precoding parameters are used, in order to
either receive and process received signals properly when
being a receiving node, or transmit data accordingly when
being a sending node.

In a following step 304, information bits in the
precoding information field(s) in the control message are
therefore encoded according to the determined/selected
precoding parameters, using values in the TBS fields. In
this way, the various constituent parts in the precoding

information field(s) are jointly encoded and the values set



recommended in the feedback report, as nentioned
above. However, this step may be omtted dependi ng on

j mentation . In a next step 302, prec
W(%)g@g)rlrg'{%éfs are determned gy selected for an Péjf/g‘ﬁzoosmsuﬂ

associ ated data transm ssion between the two nodes,
whi ch may conprise a transm ssion rank and/or a
predefi ned precoder nmatrix. The precodi ng paraneters

ifahdpHalRIdNIeE Gl iPesPF3ed aenwile Le¢ek¥edne

f eedback report, although other basis may additionally
ensfodiinder TEnedYy Kdeuddds dngthehprgeodingofinformation

T gt SM._SSI; fas e .a_d [
R A e C R e
omaues Sege S adeparngtichar et aihe padned ip pacameSefieldsa

feedhack report, and the sending nQde will then _either
WL SRR G0 RS RdmaUBRLLOAS PYPERERS. | FrRo
avadilaBse fdigritl itasispalcd idetaembHebdaRhgCedirBgmat ion

paraneters i s available, the first node may sel ect

Eigihia)t isr &de@ ngigdsacemore pdficAengdya as compared to
.S SJ, QN .o 10, +8i r 1gase, 0
e B S el 16018, 2186, DOSRIRINCES PURbrdgs chne
spareifidrepreending danfomatdon nactehecdessgyal, se.g. by
erl i_n rreceivi ng node, oQr transnit data
o dirie o O oG 1 1 P g Roke. LPALSareRl b fhe TBS
£id1RD wdied NyrERId, 0RHIICHS Wil 1t Be Be8e?dbBA in more detail

information field (s) in the control nessage are
bel%ef ore encoded according to the determ ned/

sel ect eokrpraq;di@i% RY Rt %&)_%veuah%d\ig%,%% iiggppgallg&

fields. I'n this way, the various constituent
bitse i ddwediprgdodingrdnifonmiitdod fspldre)j ecabkying to

seel.%%%rdeleog lpﬁ%%ﬁ#%g‘é%aﬁ%?ne&%gsr} tcg%vg%)éliggglstz Snltlg aé(e) ing
of the control message may further be employed, which is
however outside the scope of the present invention. In a
final step 306, the control message, containing the TBS
encoded bits in the precoding information field(s), is sent
to the second node.

A corresponding procedure will be executed in the
second node to obtain the precoding information in the
control message from the first node. Firstly, the control
message is received including precoding parameters
determined by the first node. Secondly, the precoding
parameters are detected by decoding control information bits
in at least one precoding information field of the control
message by means of values in payload size related TBS
fields in the control message. The TBS field values are then
used to interpret the control information bits in the

precoding information field(s).
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encodi ng. Thereby, the bits in the precoding
information field (s) can inply different precoding

nformation or nessages dependi ng on
wg %}Og}éggﬁn the TBS fi el ds, t hout increasing %‘E@SEZOOSMSIZM

overal | signalling overhea . The avail abl e signalling
space in the precoding information field (s) is also
utilised nore efficiently, as conpared to the prior
art sol BiBoen$. 1Btalbleb§odpessamlelﬂuchapnagsanhe

Db nGm ot RAEy TP PRI O PEnY BRI aooPRaPaaRd:

1nhprmHE16881ﬁlaldom&kbESmEQShgédtombl§Bc@hb|nbﬁe 402. The
scrlged in nore detail below_ In addition to the
f1588v8° Rcb8Pnga¥r PEnfofAtRi 8ANBiRg NAdenhangr Ehedsagond

noHEbeﬁahh9nbE'S'Qaﬁé)r@@@@bghggnéaeSebfcgggepbgfgg'nﬂf in

paramet ers, conventional channel coding of the confro
thﬁe§§6@91ﬁ39ffﬁlghe3 Besenpbegdeabowhi chheschotevkrmessage

f I
R R e T I

aseocmdeddbwiSeléséhdaﬁaecedhﬁglsﬁicﬁnﬁétﬂéeﬁlShé hSdes
s sent to the second node. A correspondi ng_procedure
emRiPYipg ERRELREIMPACERESXARENANA cBESERAEBIaf ATt ARNding

coEéﬁS?ébngokPégﬁaﬁéhﬁﬁ tB E95n§ﬁ§££0518€ﬁ§a9ﬁ éﬁgnaagg

first node. Firstl Y, the contro nmessage 1S recelve
trapenigshgnpr thedagt pal ameseage dis econfibgubgdt he Eonsain

onfoSE nSRECEI Yl S BRESPAPRRA°ERIEAS! S FolCIEEISS, o

geneeadliy ngaybbaansizenrélaetddof iéh@s corhée OF i PEE SAGGe DY
means of ,values in payload size related TBS fields in

AaPPAEAEYRAt +BI FHBsshgeomFRéseRSIunet donal ueriks et Phand
bab$€8119 LBABERACEL! BEpHBPET Phe | PLOLOBLLENP! kSl N3t hE

The first node apparatus in Fig. 4 comprises a
precoding determining unit 400a adapted to determine
precoding parameters P for the data transmission with the
second node, e.g. according to regular procedures and
optionally based on feedback reports F received from the
second node 402 if the first node is the one sending data.
Unit 400a provides the precoding parameters P to a control
message encoding unit 400b, which is adapted to encode
information bits in the precoding information field(s) in
the message based on values set in the TBS fields in
accordance with the determined precoding parameters P,
basically as described above for step 304,

The first node apparatus 400 further comprises a
control message sending unit 400c, which is adapted to send
the control message M with TBS encoded bits in the precoding
information field(s) to the second node 402. If the first

node 400 is the data sending node, the determined precoding
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precoding information field(s) .Fig. 4 is a block

diagramillustrating an apparatus in a first node 400
ying precoding information in a cont
‘Véé@§é§§¥fo a second node 4Q2. The first node % s$%%pm5u47

be a data sendi ng node and the second node 402 may be
a data receiving node, or vice versa. As in the
exanpl e of Fig. 3 described above, the control nessage

é%?&?ﬂé’dél% I T BhiRN é:trl&%tldé‘as (EU Re ELA- Y RehhishS tQEraQ 0o0d
associ ated wrel ess data transm ssi on between t

farodse dwliog g agsadissiionulofi daéri By tendher ecGQndgnbds
ngj 0 I r [ p .o n
S LR IS0 G000 8GRl FRAREeL BBk blea
setntifriqyuroetd ,t @ heo pirddoddmey @Iarﬁﬁnbeem'se(}?od‘e&glved from the
information fields and TBS fi el ds ener al

Eir8h anfsifd AR vdad S0 %€°FFF§P%H9&€9a855Pat us

trdhdili®red GHMYHES &% domc dals oyni h%t4g%wﬁ b%%kcalséy
adapted to support the procedure of Fig. 3 . The first

Ayichg atrxﬁmsatwnqn Rifg datac depthee £ixspr nodéi A QO Depending

oS MUY 4002 3APLEA! GodeLering precading.

par ame r a transm
P rm:deumet gooa:cmmdwrg dnrercmglyl ar piaceter datandransmitter
|onadﬁ§ based on feedback regprts F received from

HYIOAeF ifunald onads und§eots shpunohgre, and

tH%ﬂ“Eded%ﬁéht Wy gt 1AR0Hoded iie Bl §60EHAS resgect
paraneters P to a control “nessage encoding unit

whi ch | Am@RRaRtus dc@ded promidedoinbithe lsncgné SOde
A0 R L e b Sl e g PR R B i, RO

metetagyariMeitbgar axtedifig sramaidet @o® . PThebasicoakl yodé apparatus
descri bed above for step 304. The first node a garatus
405 FITRRIRES GoGtTe) TessRERoFeredving SBRdi AD2anAganted

tH Qe Wl Ghd TRtaRN1etheds®a3RNMt including the precoding

parameters determined by the first node, and a control
message decoding unit 402b. The latter is adapted to detect
the precoding parameters by decoding control information
bits in at least one precoding information field of the
control message by means of values in the payload size
related TBS fields in the control message. The control
message decoding unit 402b uses the TBS field values to
interpret the control information bits in the precoding
information field(s). ‘

It should be noted that Fig. 4 merely illustrates
the functional units 400a-d and 402a,b in a logical sense,
while the above-described functions can be implemented in
practice using any suitable software and hardware, without
departing from the present invention. Typically, both data

and control messages are communicated by means of the same
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the control nmessage Mwi th TBS encoded bits in the
precoding information field (s) to the second node

4 he first node 400 is the data send
W 2@9/6%%{525 nﬂcﬂgﬂﬁ)gsé%slzﬂ

erm ned precodi ngpananeters P are al so provit

to a data transmtter 400d fTor use during transm ssion
of data D to the second node 402. On the other hand,
if the second node 402 is the data sendi ng node, the
pPhyisdcadi g apsmdmetion eavipnented nf eacht hodel rsiclnddag

] f%egrg&%pﬁgﬁﬁgﬁ%big&kggponding data transmitter

in the secon not 'shown, for use during
transm i orildf mebet det dedvribiedstinnade 4 taPapersi ke

.he i npl, ntati.on, ynit 400a may provide the )
et s P LOBTR YO B oL BF SHPLAB0! y "GP TIRE iope Eields
irdah? domtsdlt Wlls s@%@? ] PasWd otNYaQliBer skingtl ‘Elrﬁ%l THE! 1

n

not shown here, a i s enbodi nent is general not

figldisy e §an benexecagese in Ryagppaeabys meensl of pooei ded

' : 402.,for, .aing the precodin
R B < ool ab e BeFPSRenaepkrdpe now
bitsdemM@bhe Preceoddingd inddemappanafise 1482 aganmIMoEsedated

. trol SS ecei ving unit 402a adapted to receive
tipdds, dm FBE ARCS gBeRSASEl YdFAg1Ph&TEr B8gdPRgencoded for

sUPRLAELE! Hreebarignaddbphheahi il tApdexiABInBaEORhER!
message decoding unit 402b. The latter Is adapted to

Lrapepdtting gréaodrel pasamdingsnpgedscodi mgcedntingl node.
i nformatiiom:hitg i lea recodi i.nf or mati on
field ofTInt E‘elgéoﬁt’r(% %%%gagé %gSWeBaH§%g‘f agglfﬁé?nitn t he

infaymesdosi féeldsatiedaTBSCHedsshget Bengoguiel in
nessage. The. control nessage decoding unit 402b uses

acfREORAses ALY GAPUEYTEERFnPEPRPEET: HAECBhEPGRE] Eo

inuaEataabanoagt§akambherar9696baﬁt'EBQfEE%hQHiEEQBH, which
(s) . It should be noted that Fig. 4 nerely .

a pptaseerdéngt Redpunst PhRdbedntossendatd andat@laechiving

noflel. 0¢h63k ;i 38PS8olumn indicates a field order number, the
second column indicates the field contents, and the third
column specifies how many bits are available in each PDCCH
field. The first column also contains an asterisk (*) for
those fields carrying information needed when MIMO is
employed. The shown PDCCH message can provide for the
simultaneous transmission of a maximum of two codewords 1
and 2.

In more detail, the numbered PDCCH fields in Fig.
5 relate to: 1) resource allocation with a varying number x
of bits depending on the system bandwidth, 2) transmission
power control with 2 bits, 3) a first TBS 1 for codeword 1
with 5 bits, 4) a second TBS 2 for codeword 2 with 5 bits,
5) New Data Indicator NDI 1 and Redundancy Version RV 1 for
codeword 1 with 3 bits, 6) NDI 2 and RV 2 for codeword 2
with 3 bits, 7) a HARQ process identity with 3 bits, 8)
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whi |l e the above-described functions can be inpl enented
in practice using any suitable software and hardwar e,

eparting fromthe present invention.
y%@@%%ﬁp bot h data and cgptrol nessages arePCT/SEZOOS/051247

communi cat ed by neans of the sanmephysical transm ssion
equi pnent in each node including transceiver and
antenna parts. It will now be described in nore detai

pPridMddie MaRGAd o Ffrmatfi Y BMTORiBht @ bRtRM €RA9ERYing which
information fields in the control nessage, based on

prgegodeyr s@atriix tise atiB9aflily @Il§ed<zaﬁ) beregederegonfiirmation
wilif S BhaERas Sl $9° 8 BIBRRER SRR LIRS s T0E rank

"'ow ng sections descri b e precodrn
addﬂpnaumdeanmhualdsaa@dukbﬂﬁbreharedffaabdhernrhhk and

messa useg in LTE na be en%ode for Ego
macﬁrlﬁ‘ré&?d %dand' pe‘fﬁaé’is“\Jrﬁls PRI BRAfg T asa\mgn with 2
biltsANEHd 11119 HARR shWa@Mra age Rd it RY 1nage t @tash8GeHVbAInoted
node. In Fig. 5, a tableis shown with different

thaf dheaPagianeterds BMT anriD&f,Hah@sfgagéyCaﬂ»SPgbﬁeeefﬁrred to
asaﬁgi?v{ld A ANMifL RGBT eRkhaP ’rgg\?ﬁ%‘g blﬁl 5¢BdaRy) t g

cate’'various paraneters ré ransnls
redpexitiavedat.a sendi ng node is obllged to send to a data

recei vi no The fj.rst col um i C afield

or der ngﬁﬁﬁF%JFﬁbt§b S éol&ﬁﬁ FhH ggga 9ﬁe4fléland 8-
11CQNtIeHonht aakd “Miﬂd fi'e'ldnt%@ﬂ”uﬁ’ﬁféﬁﬁatﬁ.bﬁs ho)é' MRA¥oPhh€ion

are avallable in each PDCCH field. The first colum

conmpicated 95 lan whene MIMO (i) employRdseandefdslds 8-11
;?eﬁg rﬁ’u%%&ﬂc%@&' O 1%%%‘3?%\9“’39@9%4}1&@ eﬁ egg},ltgged {8€a1

nmessage-can provi Si mul'taheous
oft Nandmitssiion thle amesmagelwanf bewaseddéaer MEMO dnfloPmation

A AP B s G e PO el 2 L L. Rere ave
twdIMEY Pields allowing for two different TBS values TBS 1
and TBS 2 to indicate the transport block size used for up
to two corresponding codewords.

According to different embodiments, the TBS values
for the two codewords 1 and 2 can be selected to also encode
the precoding information in the shown PDCCH format as
follows. The TBS values TBS 1 and TBS 2 determine the
interpretation of the precoder information bits in fields 8-
11. Thus, the TBS fields indicate a payload size pair (TBS1,
TBS2) corresponding to the payload size of a first transport
block and a second transport block, respectively. The
payload size pair (TBS1l, TBS2) for the two codewords signals

or indicates the following:

- (TBS, 0): One codeword is enabled and transmitted with

size TBS while the other codeword is disabled.
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of bits depending on the system bandw dth, 2 )
transm ssi on power control with 2 bits, 3 ) a first
codeword 1 with 5 bits, 4 ) a seco
wq gt sord > w th s b ts,s5 ) New Data i EST SRy
1 and Redundancy Version Rwsl for codeword 1 with 3
bits, 6 ) NDI 2 and RV 2 for codeword 2 with 3 bits, 7
) a HARQ process identity with 3 bits, 8 )Precoder
- NERBS1: [IBSE rafliven codewsinds Arei enabdgidc anidn g ranisol. tted
: r L% +h.S uglel d ) precoder.
SMAERRod Y Wher® i Briet, YR T2, PP s st dea
transm ssion rank and precoder matrix are used or "O0"
i f another rank .and matrix are used, 10) transn ssion
Rank Ingftgpgﬁtﬁanqﬂw¥? iCBE 1ngh §her pumkey Sfap f1 ag
tréinishit thid codewdald,d the se08dnkhatk nghepRALARE LALS aTNL
and Rl above may also be referred to as TPM
determiss SScodnprrprasatirn ofr shenpreicoder jinformation
RS PGt isV . ored o t PQCCH ficelds 4
blf%é 3%558%%%Yfé%%lfggﬂggﬁ%rgﬁ%begrgfaggg" ﬁ%ﬁo?ﬁaFSSn,
contgoli message andc aayueiveat ad lowl ForshenphbM® b$ additional
£ enggﬁsﬂ”tand fh:lds 8- 11 specifically contain .
UPCEEGHRG S nFEFRafton & -BencEF2RSPES OB rapkpPyeTrAde for
priehoders $2a¢ ieaa thenusednf Q&eghmcyn%@&%ﬁﬂi% WecBling is
which 8 bits relate to precoding. Mreover, there are
empleyeds Inepas sMbegdimgntor theotapnsaissionBgank| override
TBgel ; 21,4,0 iR diC . r l.ock .si ze
causgg %gpqu§§g P ugggbe% %ﬁ%?%ghcggé%gﬁgsnggg&rding

recomtientede prreesedisnint thet hat&BB fakubackokepbett ¥Bnveyed
.to al so encode the

£ cod rds 1.and 2 an e SEIected , _
TSR EHE AECFAPORIaRPaR £f ERE SRBAAPBDRERSH oFAE iB§ormation
tybelsl aws PMThanaB?réébH%% EBRrirAl€ibRS A #ekenyi 8, Beang

Interpretation of the precoder information bits In
2.f rerggcgively, FRBsbet Heimkdyf paradeindscapecafpasil badow

foP £RoPALEsEFERY: MIMO transmission cases. It should be

noted that the different PMI values below refer to specific

predefined precoding matrices, e.g. in a known codebook.

1. MIMO with two transmit antennas (2 Tx MIMO)

- When transmission rank = 1 and one codeword is
enabled by signalling (TBS,0), 3 bits can be used to signal
one of 6 different possible precoding related messages with
the precoding information, including:

a) 4 messages with RI=1 combined with PMI=0,1,2 or 3,
b) 1 message with RI=1 combined with “precoder report
confirmed, use 1°° precoder column”, and

¢) 1 message with RI=1 combined with “precoder report

confirmed, use 2™ precoder column”.
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TBS2) corresponding to the payl oad size of a first
transport bl ock and a second transport bl ock,
Lvely. The payl oad size pair (TBSI, T
Wég@gﬁ%k%odemr ds signals indicates the fo d\SN‘.E@g’?"’S“‘”
- (TBS, 0 ) : One codeword Is enabled and transmtted
with size TBS while the other codeword is disabled. -
(TBSI, TBS2) : Two codewords are enabl ed and

transm t-t gthe?l PHaBRARESON Wahlk Si 2€3hBSEWwBNEcABWrds are
respectively. In addition to indicating the nunber of

e et &4 999ddvoadd TBEReFBS3) gnal bilhg epni basusad to
- . n r

3 SEEUT A€ ke bl BLEkALARTpOLLAG BT FEOMEE ||

mesisagesf, timeloddngel nessage and may even all ow for

suppaqrt of additi,onal . _fuynctionality,suc S, e.g,,

¢ 2 nedeaeRa it B Bir TGO AREoka By PUBRP Phati oAnd

wegn 1f readadey wittl ®atbveocpbeaed Withs “prBLENEH. réport

one enbodi nment, the transm ssion rank override can be

i fOEdE®@Py usi ng specified colums of al

recommended precoders in the | atest feedback report

conveyed fromthe receiving node to the sendi ng node.
2 . TEMOn fwditima tfioonr ttypesmRit, aBvenaad [fdeTadMIMO)

confirmation in fields 10, 8 and 9_, respectively an

be joinfl§ﬂ§“%5ﬁ?&s§§s§ﬁggifﬁg ﬁeﬂoﬁxfgrapﬁoone codeord
iglidrigyied by MIghaansmgsITes, 0ases bikk shaubd Ggeaotsd

that the different PM val ues below refer to specific
s ignade e @ EpRéc Sdiff§ remt PessibdegpPrpRodipRgonAlated
még%§§g§ﬂ%ﬂfkudi VO Wi th two transmt antennas (2 Tx

M -

en transm ssion rank = 1 and one codeword i s
erablléd mes ssiggisa Miiithg RITEBScofpin8dbiwtishc8MIke, Us2d..tor 15,

w0y BERRABR PHE RGO RISRPr FRE Mo PRORRR AGOORE

) cbnETTRIes Wth R =1 conbined with PM=0, 1,2 or 3 ,
c) 16 messages with RI=2 combined with PMI=0,1,2,.. or 15,
and
d) 1 message with RI=2 combined with “precoder report

confirmed”.

- When transmission rank = 2, 3 or 4 and two
codewords are enabled by signalling (TBS1,TBS2), 6 bits can
be used to signal one of 51 different possible precoding
related messages including:

e) 16 messages with RI=2 combined with PMI=0,1,2,.. or 15,
f) 1 message with RI=2 combined with “precoder report
confirmed”,

g) 16 messages with RI=3 combined with PMI=0,1,2,.. or 15,
h) 1 message with RI=3 combined with “precoder report
confirmed” .

i) 16 messages with RI=4 combined with PMI=0,1,2,.. or 15,
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b ) 1 nmessage with RI=I conbined with "precoder report
confirmed, use 1st precoder colum"”, and ¢ ) 1 nessage

j =] conbined with precoder report conf j fﬁ%?
W%\%@B/iggdprecoder colum” .-, Wien transm ssi oni)éran 008/051247

and two codewords are enabled by signalling (TBSI,
TBS2), 2 bits can be used to signal one o f 3

di fferent possible precoding rel ated nessages,

i pt| udnagsade) w2theRTagesombihed® withohbreeddert heport
PM-—g. ,and e ) 1 nmessage with RI =2 conbined with

" GPBEOHBFr eport confirnmed” . 2 . MMOwith four
transmt antennas (4 Tx M M) - Wen transm ssion rank
= 1 or 2 and one codeword is enabl ed by signalling

(TBS O rnbthikSwagd) bReUnGMbE® SEJB2ALsOREeBBd340 convey
di fferent possible precoding rel ated nessages

thﬁn@WGQPﬁQr anforpagionagbevei cANRPe| regHER ednwihg PDCCH
mes ngg%eéncatﬁhe 2Bsl9aifel %oHE§8§9§n3”%QmBL L? gh01ce of

recoder report confirne
poseabagepracbblﬁg messabesedIti shoRMi=bBe fhpfed. that @ben 1

1 nessa e wth Rl i ne recode .
cofB6re d5nFRPREILE e ARG REF angRFedi B PIND, 283 Shgwn in
there&aaﬁdebwec@oaﬁuoaa§ abevenabhedcbyewbeBaliki B¥ansmitted

(TBSI, TBS2), 6 bits can be used to signal one of 51

ondmwpeﬂewers@sepsheasre@ea.ﬁglréﬁapeanﬁe§§5@eson Ll and L2

1 BAGIILR9 5@;}:@%@?%?&;%)5— yi trrrgsggmé sarbhacdtibics 2a) -

3)cabbweedthbtprepbdemdeplumpOBUbsenfnsnampl;c1tly known and
can be derived through the codeword to layer mappings shown

in Fig. 2a-e.

It is also possible to omit field 11 of Fig. 5
normally containing the HARQ swap flag which indicates the
mapping from HARQ processes to codewords. In addition to
indicating the number of transmitted codewords, the TBS
values in fields 3 and 4 of Fig. 5 can be further used to
indicate the HARQ process mapping according to the

following:

- (TBS, 0): HARQ process 1 is mapped to codeword 1 which is

transmitted,

- (0, TBS): HARQ process 2 is mapped to codeword 1 which is

transmitted, and

- (TBS1l, TBS2): Codewords 1 and 2 are both transmitted where
HARQ process 1 is mapped to codeword 1 and HARQ process 2 is

mapped to codeword 2.

The above allows selection of which HARQ to

transmit when the transmission rank = 1. Alternatively, when
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g ) 16 messages with RI=3 conbined with PM =0, 1

,2,... or 15 h ) 1 nmessage with RI =3 combined wth
. report confirmed" . i ) 16 nessages ﬁbmmm5u47
w P@gﬁg&éf ined wth PM =0, 1.,2,... or 15,j) 1P(¥n\%/ésage

with RI=4 conbined with "precoder report confirmed"
In this way, the nunber of bits needed to convey the
precoder information above can be reduced in the PDCCH

a Nkl MY r ddissT B \eddémn re0alpplindnd 4 h@eﬁ,t Iﬂge TBS
choi ce of possible precodi ng nessages.” It shoul'd be

Eifds aamawferrthegodiamst &9 dndigagei:t ted and R =2 for
4 Tx M MO, as shown in the exanples 2c) and 2d) above,

- offBodBvioripdeyandhis i ttawnsmited, ayer s, such as
when CW is transmtted on LI and L2 in Fig. 2c.

- At TESor €odeword B i MDansmiliéedyampl es 2a)- j )
above, the precoder columm subset is inplicitly known

- afBSGan TRS 2der iGoekwandsugh ande 2c adewbbtht @ rhagmb tted.
mappi ngs shown in Fig. 2a-e. It is also possible to
omt field 11 of Fig. 5 normally containing the HARQ

swap fIg&éﬁyﬁh indiga%Fs t he mappi ng from HA

9 g RQ .
process diment gqabrys Weulfdréserkdvehy

iﬂuﬂﬁﬂﬂbeo%ehh&%ﬁﬂkkhﬁ@cﬁ@ﬂ@&@r@%’lhpngﬁ§B§§hH§§ tRereby
fields 3 and 4 of Fig. 5 can be fuither ed to
PLoYddia%e & reraafdex: shedpsi p§ wbdohdilagerotohese in

| QAT s <5 o] BRorC ekeamrfARQ RLOC 1l is_ma pegﬁﬁo_

e T peh Pz ekameley  eR” €t TR RRRk - 2.

itpwosEsk b2 possipled too tradewdtdalswhigts t6deword using two
transmtted, and - (TBSlI, TBS2) : Codewords 1 and 2

LayeE S50 %r Bffs i lﬂh@ﬁ@‘Hﬂ%@ process 1 is mapped to
codewor tthe 2@mpABLyPer®RaSménts described above can be

used to improve the efficiency for encoding precoder related
information, e.g. in a control message from a base station
to a user terminal to control an associated wireless data
transmission either on the downlink or the uplink.
Signalling overhead can thus be saved by decreasing the
control channel bits, while at the same time additional
functionality can be introduced for supporting rank override
and for transmission of a single codeword using two-layer
spatial multiplexing. It should be noted that the above-
described encoding of information bits in the precoding
information field(s) to indicate that a codeword is
enabled/disabled, may also be jointly based on values in
other fields in the control message, e.g. the NDI/RV fields
in Fig. 5, in addition to values set in the TBS fields. The
present invention is thus not limited in this respect.

While the invention has been described with
reference to specific exemplary embodiments, the description

is in general only intended to illustrate the inventive



mapped to codeword 2 . The above all ows sel ection of
which HARQ to transmt when the transm ssion rank =
tlvely, whena fi xed HARQ process to g
W 2@%{1% I's used, the TBS fi,el ds can be furt her@ﬂgﬂf@ﬁﬂosuﬂ
i ndi cate : - (TBS, O0) : Codeword 1 is transmtted, -
(0, TBS) : Codeword 2 is transmtted, or - (TBSI,

TBS2) : Codewords 1 and 2 are both transmtted. The
cormtery anbaliowtd nathdve teddrd asf flel@timzieig/ thet raghpee of the
codemord to I ere
BRI Fig B 5 G AR Rt ISP Ty 1 EPM.
MIMO [ r&aﬂw $Slidks Fafodaewilss, Mhaird,r wsdasiloreports,

rank = , it would be possible tQ transmt a sin Ie
t’”&fb%%ﬁ%ﬂ%ﬁ?@”‘% 9 Fhannele rank hagiso egh ysef
addier BXEP ey KIRAYI dHRIESifleRS ahowsr %alrinﬁeafis:ﬁﬁcable
to inprove the efficiency for encodi ng precoder
temisat qrhtanesians i areclantsig and aharslands swge Hagmad 1y be
base station 10,8 n contr
usaesésg%l a cIcoo m\/ﬁ hest;i'?da%&n{ r é’r{% mC{ss|Co]'ﬁnlri)e|cfhheerreolnr1 t Hreh ©
prayent rﬁknﬁnﬁ:hm Ui | JdnherSignaldd Mihetv eshedte RS Idwihg
. be saved by decreasing the control channel bits, while
indeRendentne 434S addi ti onal functionality can be
i ntroduced for supporting rank override and for
transm ssion of a single codeword using two- |ayer
spatial nmultiplexing. It should be noted that the
above - described encoding of information bits in the
precoding information field (s) to indicate that a
codeword i s enabl ed/ di sabl ed, may al so be jointly
based on values in other fields in the contro
nmessage, e.g. the NDI/RV fields in Fig. 5, in
addition to values set in the TBS fields. The present
invention is thus not limted in this respect.
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Wil e the invention has been described with reference
to specific exenplary enbodi nents, the descriptionis

wo 51009&?%955@ only intended to illustrate the PCT/SE2008/051247

I nventTveconcept and shoul d,not be taken as Iimting

t he scope of the invention. For exanple, although the
concepts of LTE, OFDM M MO, transport bl ocks,
codewords, |ayers, feedback reports, transm ssion rank

cramsischannel rank have been used when descri bing the

above enbodi nents, any other simlar suitable terns,
paranet ers, nechani snms and standards may basically be

.UsefletRoACEAMR! k%pskhﬁoéan%{Jgﬁg%fﬁ%é%&gg%g&é&dﬁge

present Invention I's genera
f ahfownagiondépeadeantcdbhi messhge VML to Aa neédmed i iode

fir, no (400) of conveyin recoding.ipformation in
a8y T oPfie edRtE8) i BEE e (Bl SRt Yinfnat o that
casbeplibaESpREPe O OF Ngni HES6ERLE SN 1Ed 1 4l6s Cdddes

properties of an associated wreless data transm ssion

(BFaBenhEehonnéP} | Petwasm e ofiti slodrid eorfi@yd mpdes
Sthietig : i . |
i@gbh8§1ﬂy Ebgkféiﬂﬁ?%gﬁ?féffﬁ | 493 ?éﬁﬁégimkor.cfndlng

odewor ds” cor r espo 0 transport n sa
wepdewordgdacartreapenilisg one Tramsperingoldukstapsafd -

d N1 30 di I P) to b
R FETREL et Do B E B L BT e e ke e
encadtagminiidg ol 302f opFEtd@IhPipSrdnietdrd eaSt Wde

precoding inforpation field of the control nessage (M
attoluded 18 $xid gePRbrRhdtepragodind arsgrand 19de),

by 8Ra68iRG YohtiRs) | InPoHhOHS 3 d ALRIAD 1R IS

in the control nessage, wherein said T ield val Ues
aptecseding tefermapion htiéld evpriteatdantnfl swsbage (M)

c . ] nf o) [ts.1n.the precoding informatjqn
rRereind € B¢ et el 5 () by
smeanprefodih@es in payload size related TBS fields in the
control message, wherein said TBS field values are set to
determine the interpretation of said control information
bits in the precoding information field(s), and

- sending said control message with said precoding

information and TBS fields to the second node.

. A method according to claim 1, wherein bits in the

precoding information field(s) of the control message (M)
imply different predefined sets of precoding information

messages depending on the set TBS field values.

. A method according to claim 1 or 2, wherein the precoding

information comprises any one or both of: a transmission
rank indicating the number of parallel layers or data
streams being simultaneously used for the associated data

transmission, and at least one selected precoder matrix
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information and TBS fields to the second node. 2 . A
met hod according to claim1l , wherein bits in the

W(?k}ﬁgﬁgis information field (s) of the contr cPERR A6 1247

6.

7.

different predefi;ped sets of precoding
|nfornat|on nmessages depenglng on the set TBS field
values. 3 . A nethod according to claim1 or 2 ,

wherein the precoding information conprises any one or
botdedfform adaptsinas siianals Kk dangingdttiady fuem mpudydp 1ef

pay 3:IelT g:r %%’ter%e nd tg_’ Z{c{l%a‘r%aq% g, &) nul taneously

use € assocla nsmssion, and at
Ieast one sel ected precoder matri xused f or adapti ng
nals transmtted fronlnuhﬁgple antennas t the node

s RHPLhiaF RHE S O RHkt g 9 hftbsatd

CldeB ils Tr MR ded A ¥brtl iR 'f%.xtsftfir!ﬁiﬂé tebd)r @8 e
first node (400) to the second node (402) and said

pregeiih paste alfdDr and)saird pracadiine Payamaress (P) are
cuy r

C UL A Bl LA DEE R daalindaicaes
t himm aisddieick ategorstni 68) arecalned cfmtmccnhmgsemomi s10de,

at t ond node . nmet hod according to an
RV VIR t?&ﬁaraé‘?w%eofse%edaﬁ?wues s dque & BePaing

t iy andHdesdddid dwdle, (400) is a base station
ordering the termnal to transmt uplink data

according to the conveyed precodlng i nf ormati on.

[ er, '
5 o HELIRGE Actdinids ¥ iy SR (Tashio 1 W @%}&e?ﬁ*s%he
cmemnbm:bdag t:IDZ)hasaaqlmminmevJe anid acHe risitrdtr ansjeor{400)
bl ock and a second tra or ock, and sald ayl oad
0155 e Heed SEHTSH (AP e il P A PRt
| neth Lot Nehttd H c@ortd 115 @@Qﬁi{@rdiaﬂ\ﬁeﬁ@%x%jzoding

information.

A method according to any of claims 1-5, wherein said TBS
fields indicate a payload size pair (TBS1l, TBS2)
corresponding to the payload size of a first transport
block and a second transport block, and said payload size
pair is set according to any of:
- (TBS, 0) indicating that a first codeword is enabled
and transmitted with size TBS while a second codeword
is disabled, and
- (TBS1l, TBS2) indicating that two codewords are
enabled and transmitted simultaneously with size TBS1

and TBS2, respectively.

A method according to claim 6, wherein said payload size
pair also determines the interpretation of precoder

information bits in the control message to support
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and transnmtted with size TBS while a second codewor d
is disabled, and - (TBSI, TBS2) indicating that two

are enabled and transmtted sinult
Wﬂ?ﬁ@ﬁ)ﬁg{.s% TBSI and TBS2, rg§pectivel y. 7 . Ane /%4338/051247

according to claim6 , wherein said payl oad size pair
al so determnes the interpretation of precoder
information bits in the control nmessage to

SUpRASMiEAGH $ahRNoVaRKi Q¥CELLU8rEC5aRECEQHP  rmation when
caonfirmation when frequency-selective precoding Is

efpPEYERCYsSelacCkdVROBY8ELBLATNESt omphgyed. cl ai ns 1- 7,

the control nessage being a PDCCH nessage with

precoding related information fields, said precoding
8.r &l meshodnagrouding torasgpofidthgime B- Ratike | s DI

" " nsmi ssi nk Indicator TRI" ., a "Precoder
vhesBBar, BRAEH A" BRRCR Rensigs "Bt th oaercoding Fatd ol
whafermathenefpals, i Basai Pfroc6808Y NBel £t &b Efhformation
information are jointly encoded. 9 . A nethod

aEeorerRENEdNInfooR CRanksIndicavperRI'h ehe MBS $migsion
VahHRS ikndica 0 ,

rabURTARSCHERE KR, 14 Coh 2 MR URE P i PRI
i Aodéari pyechder HARAE proabssn ]l wisermpperhése quateyorih lsaid

[ j ' d,.-_(0. .TBS) indicat] th
oPieechiobi BERLLATS soRhae iR e Wi bRt he ecoded:
transmtted, and - (TBSI, TBS2) indicating that

cgdemoﬁd 1 and 2 are both transmtted. 10. A nethod
atcBFrh ﬂé ECARYIRY EPARE Af Cladies el 18 a WhexsiHAR® TBS

R S R R R R R R ot A Sk

) cpdévwendi ngPping aodewding 1te sthe afsihidwiot :
- (TBS, 0) indicating that HARQ process 1 is mapped to
codeword 1 which is transmitted,
- (0, TBS) indicating that HARQ process 2 is mapped to

codeword 1 which is transmitted, and

- (TBS1, TBS2) indicating that codewords 1 and 2 are
both transmitted.

10.A method according to any of claims 1-9, wherein a fixed
HARQ process to codeword mapping is used and the TBS
field values are used according to the following:

- (TBS, 0) indicating that codeword 1 is transmitted,

- (0, TBS) indicating that codeword 2 is transmitted,

and

- (TBS1, TBS2) indicating that codewords 1 and 2 are
both transmitted.
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- (0, TBS) indicating that codeword 2 is transmtted,
and - (TBSI, TBS2) indicating that codewords 1 and 2
are hoth transmitted. 11. An apparatus in a first

node
‘anﬁﬁy?ﬁﬁ%r conveyi ng precoding information i nf GQI/SE2008/051247
;

control nessage (M to a sétond node (402) , the

control nessage containing information that describes

properties of an associated wi reless data transm ssion
11 Dyn beppeesatushein ia sfimstd mabont Gde st anptaweying

spatial .l tj pl exi ng. and, precodi.ng for sendin

oA IR PO FE 18 T b HeSid Miny ey 2

W 8¢ S5S wdd (40051 515 OfontedD Mmed Sie -conttd Beneh ng

determning unit (400a) adapted to determ ne precodjrméd

pa?%ﬁ%’f‘@%l?m) that (Resribrr PTIPS: LT ok ran _ \
t o, é@&oé‘éjté‘ogfans'mf‘s§%r?$) %W%g&mﬁd
r infornmation bit

(4 00 adapted to encode control s in
atsecond nmdeprevplbning népatial om ¥t pexing hand precoding

ok ST g EadRhds Wbttt g (R R bk
TBfn f §&£1 diswireldées c@at 4 ot rARSHDSS o ¢ Sipr 1 $ind BS

field values, are_set to determne the interpretation
of ~ SR RFRPIIRT FeFFrmRiRs Witk (4P 9e FHARRA

| NG OF &Rth 1,98 ﬁf@é&ﬁ?ﬁ? PiFame B £ONB P! £ JBSS A BEILH Nth said
unit (400c) ‘adapted To send said control message wth
satenprek o sgpdeaf oo nbire orecord TBRI¢) el ds to t he

d o 12, di laim 1],
aherd SORFTel e RSt riEM g RS RO Fadimted e
t hencodé r ebnttESE apef ¢Mhat Hgh Yo it § f i et pPegsie§ b brecoding

sets_of precoding. information nmessages dependi ng_on
t peRERFm 1 b1e1d Pfiekhe control message according to the

determined precoding parameters by means of values in
payload size related TBS fields in the control message,
wherein the TBS field values are set to determine the
interpretation of said control information bits in the
precoding information field(s), and

- a control message sending unit (400c) adapted to send
said control message with said precoding information and

TBS fields to the second node.

12.An apparatus according to claim 11, wherein bits in the
precoding information field(s) of the control message (M)
imply different predefined sets of precoding information

messages depending on the set TBS field values.

13.An apparatus according to claim 11 or 12, wherein the
precoding information comprises any one or both of: a
transmission rank indicating the number of parallel

layers or data streams being simultaneously used for the



5

[ =]

15

20

25

30

13. An apparatus according to claim 11l or 12, wherein
the precoding informati on conpri ses any one or both
a_transm ssion rank indicating the nunber_of

f:
W‘Sé‘%"&ﬂ@é@ | ayers or data streams being simil t AP 0)8/051247

used for theassociated dat4 transm ssion, and at | east
one sel ected precoder nmatrix used for adapting signals
transmtted fromnultiple antennas at the node sendi ng
sgkdodabpeqldady .according t ny of clajns
11-1%, further cogggﬁé?%g§58§lg%§§ ??ag §$¥t%§e( ted
apaprederomatansnusedafdr dadapt bng hei g€ de reotieni deed

0 sing,.the determ ned precodi ng parapeters (P)_,
mﬁ%?@ihugﬁép ?eéﬂgFﬂﬁaﬂe? r % PRARInFEndng ($33ddata.
adapted to determ ne said precodi ng paraneters based

on current channel properties indicated in a feedback

14, ABoRPPREFEHE CRFGREALRG @ han¥ e’ rell 3, 1 i orfusther

t B8mBEPY PhG Ok SPL-SS4 e ecod] rrors
at rt“%e se cond %g%{éfgf 1%%%&@%%%?% {J‘Is&oa%)c o%)‘g%‘%%‘f otoany
ofrananiht said3datmetei the heedond tnodele(40M0)using the

b ' he second node (402) .is a terninal,
e s RhEheR o PEtod i PPRERTRERNE I e v S iR ¢
upteokdiing adateonih g tenitbei € onwenas e Eo
iRformati on. 16. An apparatus according to any of
AsFrEmine 1R 1QRFREAALRT Paaystendasril @it current

PaMhRAg) ShESp@Rt {ed TBRIi cdBR)iF Y f%%&g&?éwgcéﬁwé“e( )

payl oad size of a first transport block and a secon
trarepved Hrogkthensecord ourde olambswadey arieodimmmnmics

[ d | d |.oad si '
oBesratif 6 ARy Qe 8 Yadlling el A ¥ sgeopa

fnodé. codeword is enabled and transmtted with size
TBS whil e a second codeword

15.An apparatus according to any of claims 11-13, wherein

16

the first node (400) is a base station and the second
node (402) is a terminal, the base station ordering the
terminal to transmit uplink data according to the

conveyed precoding information.

.An apparatus according to any of claims 11-15, wherein
said TBS fields indicate a payload size pair (TBS1, TBS2)
corresponding to the payload size of a first transport
block and a second transport block, and the control
message encoding unit is further adapted to set said
payload size pair according to any of:

- (TBS, 0) indicating that a first codeword is enabled

and transmitted with size TBS while a second codeword

is disabled, and
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i s disabled, and- (TBSI, TBS2) indicating that two
codewords are enabled and transmtted sinultaneously

W&%OQ/I%%SE? TBSI and TBS2, respectively. 17.An BPPEAD S 1247

accordring to claim16, whengin said payload size parr
al so determnes the interpretati on of precoder
information bits in the control nessage to support
transm ssion rank override for precoder confirmtion
when fTBRIenFPS 24 elisckiicad imde Cbaitn g wios codewoyds. arg. An

apparatus acc i.hg . tq f. cl.ai ~17, .the .
S
r el airey TRE2Qr Feispertfilvellds, sai d precoding rel ated

information corresponding to a "Rank Indicator RI" or
"Transni ssion Rank Indicator TRI", a "Precoder Mtri x

17 N @@irdtMs’ ac Hg HEAd8m af ivHEd oD ,savﬁaﬁnpésiﬁoaa

the control nmessage encoding unit is further adapte
t iz mdiy elcesddlatitguineg ttde ispgatedddimet precoder

eSO, 19 BRRAR S, Aceondl g0 ANy

of "clai nms - 138, "Wherein e con sage e
uridar{=htiy)iors fdaik eremdiald dibrt prewddie ¢ ifimeltdon when
val ues to indicate a HA rocess to codeword mappi ng

addFBSRFR FRURE F018 RASTPILNY #iSs eWPJoY&Rti cat i ng
that HARQ process 1 is nmapped to codeword 1 which is
transmtted, - (0, TBS) indicating that HARQ process 2

1§ Amm@mpRaratiis ERerding We @ny o d@siig tldd, 1 landhe

TRorTETRu ) S 4 it RS b 0 i

c |z Test €dl - ik ovmfear ivom i dlidend AR prenemiing areflectastbr d

TR sed and Lhe, control, MEs340% o Wl
“Transmission Rank Indicator TRI”, a “Precoder Matrix
Indicator PMI”, and/or precoder confirmation, wherein the
control message encoding unit is further adapted to
jointly encode these parts in said precoding related

information.

19.An apparatus according to any of claims 11-18, wherein

the control message encoding unit (400b) is further
adapted to use the TBS field values to indicate a HARQ
process to codeword mapping according to the following:
- (TBS, 0) indicating that HARQ process 1 is mapped to
codeword 1 which is transmitted,
- (0, TBS) indicating that HARQ process 2 is mapped to

codeword 1 which is transmitted, and

- (TBS1, TBS2) indicating that codewords 1 and 2 are
both transmitted.
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the TBS field values according to the follow ng: -
(TBS, 0 ) indicating that codeword 1 is transmtted, -

i ndicating that codeword 2 is trans
W(él %{5}9/:{5.(?%288 nﬁéfa/glgzogsmsuﬂ

|, TBS2) indicatipg that codewords
are both transmtted. 21. & method in a second node
(402) of obtaining precoding information in a contro
nessage (M froma first node (400) , the contro

20nRasagpacantai AcBeranhgr 6Bt AAP bPat18€8871 P9, wherein a
progerties of an associated wrel ess data transm ssion
( B %66t HABR PKeCeFFstoaradeuesddmapptRg ci®l w§edgand the

SOt . i iy di ng.f i
CESHLEb3THEL L LAAR0GPLALETLEOELPLRIE b g, g e
wthel 8BS faeddt vahuetsascoordingptod sihg fokleowips: of @ -

EE N T TR
' | d, ' t codin _
contr 5P~ FRE| mbfRErabiTd PRREISodariord o 1 cepmmemiceed,

i nfahgation field of the control nessage by neans of
val ues in payload size related TBS fields in the

contr QrpSEsSPEE2 ) Wed £é4t 518G EHRS dd &b M UeSy,f © 3re

used to interpret said conttol information bits In
pr ebati ngraps®ipeedon fiel d(s) . 22. A method according
to claim21l, wherein the second node (402) receives
said data (D) fromthe first node (4 00) and said
21phevethad paranseeosd (Rpddayeobeest dsthes inief nsatbdinhg
curgent channgl rgﬁgrtifs i ndicated in a feedback
r

r 8PPt EORetit trel SEestRATHY, &R Gt HyFithaode
aNBOO] , Ofhé ¢ SROEH] She S88gél Ueortt0a LS 110k Sl orflehat

the second node . | _

describes properties of an associated wireless data
transmission (D) between the first and second nodes
employing spatial multiplexing and precoding for sending
codewords corresponding to transport blocks in said
wireless data transmission, comprising the steps of:

- receiving said control message (M) including precoding
parameters (P) determined by the first node, and

- detecting said precoding parameters by decoding control
information bits in at least one precoding information
field of the control message by means of values in
payload size related TBS fields in the control message,
wherein said TBS field values are used to interpret said
control information bits in the precoding information
field(s).

22.A method according to claim 21, wherein the second node
(402) receives said data (D) from the first node (400)

and said precoding parameters (P) have been determined
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23. A nethod according to claim21, wherein the first
node (400) is a base station and the second node (402)

a termnal being ordered by the base station

is to
WQ PRASHE? upl i nk data according to the conveyelT/SE2008031247

precodi ng information. 24. A nethod according to any of
clains 21-23, wherein bits in the precoding
information field (s) of the control nessage (M inply
dbhtenesh puedehtneHaaatd ptopeetbdsngndntatedt inna

nmessages. dependi n n the set T
nEeRgn RETagnbs T

alu

field . 25_A
agkcBRAPRY (8! af§rEf LEPY ez%gﬁﬂfﬁmﬂsﬁérnaf‘ﬁé°r by

PreeodhBantNber FRt-aRsmeBBE bAESAARY tenaeebakayhestorsaat
transm ssion rank indicating the nunber of paralle

| &her segendanadst-r eans bei ng si nmul t aneously used for
the associ ated data transm ssion, and at | east one
sel ected precoder matri x used for adapting signals

23t. panethbiedctoadimgl tioplcdadmt ednawhetretihe thed§izehdnage
said data. 26. A nethod accordi to_any of .clai .
3 1458)" ifoPePASea R TS FBET AEFGSIENGRERRE BogR M4BR) sige2
PRiehmihBY belBF2breaeeaspyndhagbhget Beapavnoad straasait

a

first transport bl ock and a second transport bl ock,

and ldaikd dgap esFoFAiadpicr the §ONVEYES: ARG NEny
o&hgo&&§§i8g_) indicating that a first codeword is
enabl’ éd and tra

nsmtted with size TBS while a second

codeword is disabled, and - (TBSI, TBS2) indicating
that t codewords are enabled and tr
e E s

24siAmie

ch AP G, ENTRSE S10 THSTL Paspaierany Pits

2% A U R ARG 1R dreha® idinMEA@ 1 ANRYT @I thd dontrol
payl oad size pair also determnes the interpretation _.
ofmegHsagsddM) imply different predefined sets of precoding

25

26

information messages depending on the set TBS field

values.

.A method according to any of claims 21-24, wherein the

precoding information comprises any one or both of: a
transmission rank indicating the number of parallel
layers or data streams being simultaneously used for the
associated data transmission, and at least one selected
precoder matrix used for adapting signals transmitted

from multiple antennas at the node sending said data.

.A method according to any of claims 21-25, wherein said

TBS fields indicate a payload size pair (TBS1l, TBS2)
corresponding to the paylcad size of a first transport
block and a second transport block, and said payload size

pair is set according to any of:
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information bits in the control nessage (M to support

transnission rank override for precoder confirnation

en frequency- selective precoding is enployed.

28
W%‘{Oﬁ/d@s%cordl ng to any Ofﬁg ai ms 21-27, the %%WW’(?PS/OS“”

message (M being a PDCCH ffessage with precodlng

related information fields, said precoding related

i nformati on corresponding to a "Rank I ndi cator RL; or

"Trans(iessi @) Rk catdngat®at TR Firsf ¢ ryMaLrl

I ndi cator PM " | aﬁﬁ/orggregoder con |F§§?%§%§ mﬁe?gfﬁled

the§@dp&ﬁﬁ§smﬁt§§ﬂdWpﬁ@c@dzngTBéluhedelafeeuahdoaoaéﬁord
oi Nt d. A net hod according to any of

t apﬁsﬁﬁ%a%gQQWhgrgin the TBS field values are used to

|nd|cdﬂ85a Hmasnmrmudisatmngodhabrdwﬁaeadaﬁoﬁaﬁoggéng
|ndicatin% t hat
Y

L?oggggﬁ ?nﬁagﬁgﬂsﬁbtgseeﬁ%WBlEaRﬁPEﬁ szth Slze TBS1

t r anndi trBsd,, rebBectBok1iNdi cating that HARQ process 2
I's mapped to codeword 1 which is transmtted, and -

(TBSI, TBS2) indicating that codewords 1 and 2 are

d f :
T LT e L NER T I

nﬂ@pwnglsg dseermmdeshehéBsnteepﬂeuatu@ﬁ 8f epH&€6der

he fol i ndi cating
agggg ggwgrdB nggprgﬁ%ngPPEﬁél m%%sagﬁsﬂ“}nﬁ?c%wp9@Ft
thahnemdenmbd 2ahk bﬁaﬂiﬂaétﬁgr gféccdéJE%%nfﬂ¥ﬁgglon when
di cating that codewords 1 are

t ARSHEPF d?eéEFAﬁvapaaefaPGsngnla empboviedode (402) of
obtai ning precoding information in a control nessage
froma first node (400) , the control nessage

2806nmgphpdgaccord1ng to any of claims 21-27, the control

message (M) being a PDCCH message with precoding related
information fields, said precoding related information
corresponding to a “Rank Indicator RI” or “Transmission
Rank Indicator TRI”, a “Precoder Matrix Indicator PMI“,
and/or precoder confirmation, wherein these parts in said

precoding related information are jointly encoded.

29.A method according to any of claims 21-28, wherein the

TBS field values are used to indicate a HARQ process to
codeword mapping according to the following:
- (TBS, 0) indicating that HARQ process 1 is mapped to
codeword 1 which is transmitted,
- (0, TBS) indicating that HARQ process 2 is mapped to

codeword 1 which is transmitted, and

- (TBS1, TBS2) indicating that codewords 1 and 2 are
both transmitted.
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informati on that describes properties of an associ ated
W reless data transm ssion (D) between the first and
econd nodes enpl oyi ng spatial multiplexing and

s
WO for sending codewprds correspondi ngtt gSE2008/051247

transport blocks in said wif el ess data transm ssi on,
conprising: - a control nessage receiving unit (4 02a)
adapted to receive said control nessage including

IR eRANE RRIGHTRTeIS HP)argetod riladthsb\e 1t-120 ,f iwhetreiode,

and - a control nessage decoding unit, (4 .02a dapt.e
& b ARG R 580 e & BT BPOR oG and the
CofHd i d 1Y Q;amltésorax@ hisdd) stlcdrefitly e tHeE FiIRGIing :

information field of the control nessage by neans of

val ues(TES ,pdy| dadlisiatd nee|thadd cpdsword ds isn txp@smitted,
control nessage, using said TBS field values to

i nt er pioet TESE)d igwlitaed] irighfidatatcogiewsinds 2 s fgansmitted,
precaodjng information field (s) . 32. An apparatus

acc ng to claim31, wherein the second node (402)

is adapted to receive said dat D_fromthe firs

node ( 1'aerBSsz§i d TSR tg’ﬁ'r(tar?& wsor((% Hﬂﬂleiezer?re
det esgdad-dmed vy current channel properties
indicated in a feedback report (F) sent fromthe

second node, and/ or by the anobunt of retransm ssions
t ]%59999 . er t e@ﬂﬁg 3 4

a'ﬁu%ér% S accglo?ldrl?na{go%%c C %iﬁnﬁe:gl, er &wge?%te%iﬁg

nostee ¢Gdid)g i nfotresteicn atn on conk tdike weEsage nOtle {OR)a
is.a term allﬁﬁgng qédered by. the base st tiond%o
{TERTE (9985 | A0 Yot & BE T IR, (IR E SruRyP L

Pr EeHsh-met i oW OF gt | ddlsc Bl mihisd 1t ss asE adntli dgksdPiated
any of clains 31-33, wherein bhits in the precoding

i IFbredgsoriatal trargmbssior ohthetwerr sk figst And

di £ £ e5 £t nPEES eLhPESy B5d Ss it A LR blexing and precoding
for sending codewords corresponding to transport blocks
in said wireless data transmission, comprising:
- a control message receiving unit (402a) adapted to
receive said control message including precoding
parameters (P) determined by the first node, and
- a control message decoding unit (402a) adapted to
detect said precoding parameters by decoding control
information bits in at least one precoding information
field of the control message by means of values in
payload size related TBS fields in the control message,
using said TBS field values to interpret said control

information bits in the precoding information field(s).

32.An apparatus according to claim 31, wherein the second

node (402) is adapted to receive said data (D) from the

first node (400) and said precoding parameters (P) have
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i nformati on nessages depending on the set TBS field
val ues . 35. An apparatus according to any of clains
wherein the precoding information conprises

31-34 any
WQLWIIBBhth of . a transni ss{)on rank indi cat i ngC/RE2008/051247

nunber of parallel |ayers 3! data streans bei ng

si mul taneously used for the associ ated data

transm ssion, and at | east one sel ected precoder

MieleinX degeshi A2 BaBLUNBnS LgPRbL Lt Lyt o]

mul ti pl e antennas at thennode send?ﬁgﬁg%?dsgg éggé%SAm
appaisptedadordfrgdbacknyepbrt| 4Fss8it 36romhehei second

SaihdeTBSAfi/el.dg i pdic payl gad _size.pair (TBSI,
TRESY ! cann/Broby BT BhBuAcraY £8frEndRiBRiant [ dee  co
t derogéng bruvoksaad ahsesesdnéirasgeort bl ock, and said

payl oad size pair is set according to any of:- (TBS, O
) indicating that a first codeword is enabl ed and

33t AANapphiedudi hBcsrdendBEoVWeid fnas § ?%Qrﬁg:? et}.’YPV\éD e Sst

di sabled, and - (TBSI, TBS2) indicating t
cBAEGRoAA80Lr tSeRabred abatiennzndtthe seoond anebas(402) is

bt i . and resp [ .37, An rat us .
it ethtBaT OBl A0 I8SPe B3PER4 ALY 500 % R i
ahpdigkt dabd nascohéingt eoptist atdoove Yéd NS ESESEIng
iggggg%égon bits in the control nmessage (M to support

transmestBf rank override for precoder confirmation
when frequency- selective precoding is enployed. 38. An

r rding to any of clains 31-37, the
3428ﬁa atus acco g y

35

36

t PBPRRREYS RCFRFAbRY NP AMDATH Flesieg)e3 i3, wherein
PHee8di AT K ! b DA OT R d ' o5 4 precadin
rel at edHi %%%r%??%%{%%rﬁ%%dé in°§l‘ ?j‘(s)leafcf@n ko’?le ;tg'fec é%d"rtr"l
Rnessage TiMhsimshy ohi Feekertn dhosdeat iRl "setts "dF ¢aedRIding
N?ﬁf&%mation messages depending on the set TBS field

values.

-An apparatus according to any of claims 31-34, wherein
the precoding information compriges any one or both of: a
transmission rank indicating the number of parallel
layers or data streams being simultaneously used for the
associated data transmission, and at least one selected
precoder matrix used for adapting signals transmitted

from multiple antennas at the node sending said data.

.An apparatus according to any of claims 31-35, wherein
said TBS fields indicate a payload size pair (TBS1l, TBS2)
corresponding to the payload size of a first transport
block and a second transport block, and said payload size

pair is set according to any of:



10

15

25

30

ndi cator PM", and/or precoder confirmation, wherein

these parts in said precoding related information are

W

oinh%y encoded. 39. An apparatus according to ané of
PUPHES3E - 38, wherein the TBS field val ues ar BCSEY0R/ 1247
ndi cate a HARQ process to codeword mappi ng accordi ng

to the following: - (TBS, 0 ) indicating that HARQ
process 1 is napped to codeword 1 which is

transnmeisedo)- idiciBIng ntiataki fidrshatodARQrdr dsesesabled
I's mapped to codeword 1 which is &%ﬁgsnitted,

(TBANd tEememifdedamitd SHFE L58e

d _
g7 595050, cgdeword

bot i & ARIWEEdatd AN apparatus according to any of
clainms 31-39, wherein a fixed HARQ process to codeword

mappi AFBSY ,uFBS2and ndieatBHTr ithiag Eaou €odgwerdsedre
accardi t I NGy = WNdj.cati
ChatrEbBb AR Sraten i s3ghiPangtuply) Uiis e 1ms1
t hatarepdmsw,d r2 spedtiardyi.tted, and - (TBSI, TBS2)

i ndi cating that codewords 1 and 2 are both

transmtted.

37

38

39

.An apparatus according to claim 36, wherein said payload

size pair also determines the interpretation of precoder
information bits in the control message (M) to support
transmission rank override for precoder confirmation when

frequency-selective precoding is employed.

.An apparatus according to any of claims 31-37, the

control message (M) being a PDCCH message with precoding
related information fields, said precoding related
information corresponding to a “Rank Indicator RI” or
“Transmission Rank Indicator TRI”, a “Precoder Matrix
Indicator PMI”, and/or precoder confirmation, wherein
these parts in said precoding related information are

jointly encoded.

.An apparatus according to any of claims 31-38, wherein

the TBS field values are used to indicate a HARQ process
to codeword mapping according to the following:
- (TBS, 0) indicating that HARQ process 1 is mapped to
codeword 1 which is transmitted,
- (0, TBS) indicating that HARQ process 2 is mapped to

codeword 1 which is transmitted, and

- (TBS1, TBS2) indicating that codewords 1 and 2 are
both transmitted.
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40.An apparatus according to any of claims 31-39, wherein a
fixed HARQ process to codeword mapping is used and the
TBS field values are used according to the following:

- (TBS, 0) indicating that codeword 1 is transmitted,

- {0, TBS) indicating that codeword 2 is transmitted,

and

- (TBS1, TBS2) indicating that codewords 1 and 2 are both

transmitted.



