1 METHOD AND APPARATUS FOR CONVEYI NG PRECODI NG | NFORVATION IN A M MO SYSTEM
TECHNI CAL FI ELD The present invention relates generally to a 5 nethod and
apparatus for supporting wireless transmssions in a tel ecomunication
system when nul tiple antennas are used BACKGROUND 10l n 3GPP (3rd
Generation Partnership Project), the packet-switched comunication systens
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BACKGROUND

10 In 3GPP (3™ Generation Partnership Project), the
packet-switched communication systems LTE (Long Term
Evolution) and HSPA (High Speed Packet Access) have been
specified for wireless transmission of data packets between
user terminals and base stations in a cellular/mobile

15 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

20 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

25 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,

30 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



The use of multiple antennas in signal sending nodes and/or signal
recei vi ng nodes may enhance capacity, 30 coverage and reliability in a

Wi rel ess conmuni cation system e.g. by achieving increased data throughput
and/ or better signal detection at the_receiving node. Miultiple antennas 2
can be enployed in both user terminal & and base stations to enable par al | el
and spatially nultiplexed data streans using the sane radi o channel
resource, which is cormonly referred to as "M MJ'" (Ml tiple-Input,

Mul tipl e- t). 5ln rticular, LTE is currentl ei ng devel oped to
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the recei Ny ngrdQdfitting plural parallel information carrying signals

15 at the same time and frequency while the different signals
are spatially separated from each other by means of plural
transmit antennas. The number of parallel signals or data
streams being transmitted simultaneously is referred to as
the “transmission rank”.

20 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

25 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

30 where the signal phase of the signal from each transmit
antenna is adjusted such that the signals add constructively

at the receiving node.



3 The parallel signals to be transmtted frommnultiple antennas
forma vector-val ued signal. Wen precoding is enployed, the signals are
effectively adjusted at the sending node by multiplying the vector-val ued
signal 5 by a selected precoder matrix. This procedure is illustrated
schematically in Fig. 1. A coding and3nodul ati on unit, not shown, takes

i nformation bits as input and basically produces a sequence of information
carrying synmbol vectors in different parallel synbol streans referred to as

"layers" 10 100. Ithdighrallldl Bidmimttd Bl tsrandmid s awn i mplying a
transm ssion rank of r. Thus, the signal to be transmtted is conprised of
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sub- carr ifakemits @rl & i0fely. arHAsOWHE AR K be FrheniRdeld ed by
the receiving node as: 4 Yk = 11Wst + ek( 1)

is comprised of r parallel symbol streams forming elements
of a symbol vector s, which are fed into a precoder unit
102,

15 In precoder unit 102, an N; x r precoder matrix W
is currently used to adjust the 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

200 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

25 node with Nr transmit antennas and a receiving node with Ny
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

30 for a certain resource element on a sub-carrier k, or
alternatively a resource element k, can be modelled by the

receiving node as:



assuming no inter-cell interference and that 5 precoder matrix Wis known.
The termek is nodelled as a noise vector obtained by realisations of a
random pr ocess. I n channel dependent precoding, the precoder
matri x may be selected at the sending node based on information on the
current channel properties as reporteﬁ 10 fromthe receiving node to the
sendi ng node in a feedback report. A common approach is to select the
precoder matrix froma predefined set of precoder matrices, referred to as
a codebook which is known at both nodes. Codebook based precoding is
general ly enpl oyed by the LTE standard. The receiving node,
typically a user tggnmn rHWs, delegcts the currengighannel properties based on
measurenents on signal transm ssions fromthe sending node, typically a
base station, and evaluates the precoder matrices in the codebook to
determ ne the nost,aphnepgi 4beiARer[0L #SEid A0 diie Giid Gz cONdi L ons,
The receiving node reportsS back to the sendi ng node a precod%r matri x that
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singl e precoder nafhiZhasseDi AGh¥nEONEPrecFITmd Ati el prd B bandwi dth of
mul tiple sub-carriers allocated for the used channel, i.e. "w deband"
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signal | i ngrewppopiedefined set of precoder matrices, referred to as a
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codebook which is known at both nodes. Codebook based
precoding is generally employed by the LTE standard.

15 The receiving node, typically a user terminal,
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

20 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.

25 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,

30 it may be beneficial to match individual frequencies of the

channel and provide a frequency-selective precoding



5 particularly for frequency-selective precoding schenmes. In addition to

t he above-descri bed feedback signalling fromthe receiving node to the
sendi ng node, signalling in the opposite direction is typically also
necessary to indicate which precoder is actually used in the signal
transm ssi on. Hence, the sending nodesnay not be assured it has obtained a
correct or relevant precoder report fromthe receiving node, and the

recei ving node nust al so make sure which one is used in order to process

t he receirebnedidRalts ot spridify i @fFerent! predoddrisNgdkeiweearbhe
receiving IS node and the sending node can be reduced if the sending node

merely s&WRs CRIFIGES Gre Sdpeanier iafmitieo fotiadd beadwigithhawsiedr t he .
recomrended precoggs (aS)re@%'a@%nﬁthlél%%on 'g%ﬁ%ﬁkﬁﬁeﬁg&é' ngl e bit

can be used for this purpose, where cou transmtter has
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recei ving no enco or "even no ed synbol s,
originating from &heamErictu taro blsignadfl iingf treateesn thid xeddiafingn called a
transport b ockk%ggghbe referred, to as a "codeword”. This termis al so used

in LTE t SR SRR R bec reduces afi (the saRIGNEHPerE]
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providing for retransm ssion of any erroneously
whether the recommended precoder(s) has been applied or not.
Basically, a single bit can be used for this purpose, where
"1” could mean that the transmitter has applied the

20 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.

25 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

30 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



15 decoded codeword. A HARQ process invol ves various codi ng schenes such as
turbo encodi ng, rate matching, interleaving etc. A generated
codeword i s nodul ated and distributed over the antennas of the sending
node. Further, data from 20 plural codewords can be transmtted

si mul t aneously, also known as "nul ti -odeword transmi ssion". For exanpl e,
In a sending node with four transmt antennas 1-4, a first nodul ated
codeword may be nmapped to antennas 1 and 2, and the next codeword n?y be
mapped to n nd_so 25 forth. In the above context o

pr ecodi ng,sg?%‘ggcg%‘égogggog?%g i?g?p?rﬁf)%tadw}%c}? T PSR DeTNg mapped
directly testhtbedt Repasthbighherfisebad obf natkpi i @t BRNS JiaSIAG SEONS of
high data yate, a,specifi¢c feature of the prevailing channel 30

condi ti onEi“ﬁr Bﬁﬁ?ﬂ’g’%gi RodacWRich of requengyrsrl ectulve R¥RLIASTRIIARE es how

MmNy SiMULERREOVS $56A3) %edﬁﬁdﬁé%@ethﬁet%&@:}%ﬁg?wme' can

actual |y support. Basically, the 7 thannel rank can romone up to
t he | ehst canfbEnabionrmethtds aran rivlhes vee seneloyesd pre saudstantiiwl lsendi ng

and receiyj o] , ctipvely.. For exa in a 42 M M) systemw th
f our tran}ls[%nggcgn e%n%@ggﬁg %]\%\DOY%IC}%‘F?/é %ﬁm@g g:‘fh TebG TR THhnnel rank
IS two. node. Furthernore, the channel rank may vary in tine, e.g.

since fluctuating ﬁaraneters such as fast fading and interference typically
i nfl uence the chanhBf PREPLEEi RLtS MoPERERD NORIEMathcFyRRAkS det er mi nes how

many |ayepgig@Rfiting from a particular block of information bits,

10 often called a transport block, can be referred to as a
“codeword”. This term is also used in LTE to describe the
output from a specific so-called “HARQ (Hybrid Automatic
Repeat ReQuest) process” serving a particular transport
block and providing for retransmission of any erroneously

15 decoded codeword. A HARQ process involves various coding
schemes such as turbo encoding, rate matching, interleaving
etc.

A generated codeword is modulated and distributed
over the antennas of the sending node. Further, data from

20 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

25 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

30 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



Wultimately al so codewords, that can be successfully transmtted

si mul taneously. Hence, if the current channel rank is only one when

simul taneously transmtting two codewords mapping to two separate | ayers,
i.e. using a transm ssion rank of two, the two signals corresponding to u
the codewords will nost likely interf%re so nuch that both codewords are
erroneously detected at the receiving node. When precoding is
enpl oyed, the transm ssion can be adapted to the channel rank by using as

nmany | ayeihandtell RankUida@ntaehiaFi’in ek up) RA tHeMlAstastimbRachel ayer is 20
transmtted over a particular antenna. However, the nunmber of codewords to
transnit GRAPSAIY aNG reRciye Anhsanast prepend @dedhee sgndiqg andTE. I n t hat
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si mul t anequsly qver the respective antennas when the current channel rank =
4. A Pix ecﬁéﬁﬁ@]u“}mnﬂﬁéeﬁ@ém e g of codewords onto layers could

then be used. 30Fii&anRdrd, Utd ARASRITE XSS vfrPAsSithfe ,mappi ng of
codewords onto layers for different channel ranks,” and "when four transmt

ant ennas €% Aidlqeafilackuating pardnet exsdeuchn ashdafstyfiedding' 8h' denot es
an Oper Al e dfASYIAA 1P A el QIR Flrcpledigleg, whi ch s
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transmitted simultaneously. Hence, if the current channel
rank is only one when simultaneously transmitting two
codewords mapping to two separate layers, i.e. using a
transmission rank of two, the two signals corresponding to

15 the codewords will most likely interfere so much that both
codewords are erroneously detected at the receiving node.

When 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

20 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

25 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.

30 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



In Fig. 2a where rank = 1, one codeword CM is mapped onto a single |ayer
LI. In Fig. 2b where rank = 2, a 10 first codeword CM is mapped onto a
first layer LI, while a second codeword CW2 is mapped onto a second | ayer
L2. In Fig. 2c where rank = 2 again, one codeword CWM is alternatively
mapped onto two layers Li and L2. In %ig. 2d where rank = 3, a first
codeword CM is nmapped onto a first 15 layer Li, while a second codeword
CW2 is napped onto a second layer L2 and a third layer L3. In Fig. 2e where

rank = 4, i LSt e d i pey Jo.,a first_ layer Li. and second

| ayer L2,S§ﬁ§%‘éaan§cg%b\rll\? B e\/\{)rﬁu%’ i %@pp%?f‘%ﬁ% At er’?#’aﬁféro 3 and a

fourth | ayeansforRONY ese dyaRNE Lghd BESH 5041 Yeks Bgiant At ivhiand £hannel
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LTE 25 for exanple, a control channel called PDCCH (Physical Downli nk
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are used flescMbEA | alboventi on, out of which 8 bits relate to precoding. 9
However, it is a drawback in the existing ways of conveying M MO and

precoder rel ated ifRolhat i dh VYRSRE X3WAAT nty R TAWIEESWA ff node, as
exenpl i figgpbydtbecabover HeId | pReeh ACCH L tﬂrﬂ‘ Y %&rﬂaeréi;ﬁlﬁé |l ng qver head

is 5 required. As a result, the ‘coverage of control signa ng nmay be
seri olfs| yEtvgtceddevopd y¢WY ithanapped rente anfietstt deyreagdIvawhidld e a

limting j S f.MM)_Furthernore, no.efficient port has
been pr ov%%é%géoér:g%%‘?%% Igw tlr%/ln'g%?%% 0 r}roan‘—’k TR JRYSF ?'%e o

above- desEi g bepic nwie e otterik cond i ddg@in Orone codeword TWVANSIE Ssi on rank
override thus neaps that the_sending node is able to override the
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15 layer L1, while a second codeword CW2 is mapped onto a
second layer L2 and a third layer L3. 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.

20 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

25 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

30 are used for MIMO information, out of which 8 bits relate to

precoding.



15 when the buffer has very limted anmounts of data to send, or when
scheduling on a significantly smaller part of the bandw dth than what the
si ngl e recommended "w deband” transm ssion rank refers to, etc. In

addi tion, when a HARQ process is originally transmtted napped to two

| ayers using 20 transm ssion rank 3 of 4, that HARQ process cannot
efficiently provide for retransmssion if the transm ssion rank is reduced
to 2 due to fluctuating channel properties. Hence, it is

general ly a probl t |_o f onveyi NQ .and _precaoder
related i nformati ?r?“;%’?er&' 9‘% ﬁ%rlas?n&sas%ncq{r gh)ﬁh%iecwa#c?rl%ﬁﬁ? S S&ecoder
confi r matdamveyetyy iIMIMO @rer eaercataln ive lian@éide dnforivdMdilon ffrem a si gnal
sendi ng node, to a sjgnal receiving node is typically |large and requires
Subst ant (SANKTEH A998 o n ARHY RGO RPSs R SHREP I ipa By, fiheed gi ven
payl oad Hped-memaidrtd U, 3EHNt AlardedRaldand i dehe MRk Pesa need to
support the signalling of additional control informati"fon. 10 SUMVARY
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in a first node for conveying precoding information in a control nessage to
a sedfnd preredamheonddgagd icant ai ning i nformation that describes properties

of an associ ated w r .SSi Qn _between the first and second
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this nethod, pr.ecodin p?{aneters are determ ned for inclusion . in the
cont rol ﬁ@gggéh}qﬁ}cphgan obtained from the receiving node. This
functionality may be useful in several situations, such as

15 when the buffer has very limited amounts of data to send, or
when scheduling on a significantly smaller 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

20 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.

25 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

30 control signalling, there may be a need to support the

signalling of additional control information.



20 second node. Control information bits in at |east one precoding
information field of the control nessage are then encoded according to the
determ ned precodi ng paraneters by nmeans of values in payload size rel ated
TES fields in the control nessage, wherein the TBS field values are set to
25 determne the interpretation of th® control information bits in the
precoding information field(s). Finally, the control nessage with the
precoding information and TBS fields are sent to the second node. According
to anot her_ _aspect, an apparatus is 30 provided in a first node for

conveyi ng® ¥ing information in a control message to a second node, the
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nmessage tgﬂ%he second_node. The_ apparatus al so conprjises a control nessage
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information and TBS fields to the second node. . According to yet
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payl oad size related TBS fields in the control nessage, erein the TBS
field val teansmissibonrl tInithis pnethade precoding parameters are

determined for inclusion in the control message to the

20 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

25 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

30 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



12 control information bits in the precoding information field(s).
According to yet another aspect, an apparatus is provided in a second node
for obtaining precoding 5 information in a control nmessage froma first
node, the nmessage containing information that describes properties of an
associ ated wirel ess data transm ssi onllbetween the first and second nodes
enpl oyi ng spatial nultiplexing and precoding for sending codewords
corresponding to transport 10 blocks in the wireless data transm ssion. The

appar at us, I Jp 16 SPCRLYICe SATDNY S5 SAUT Yo IRSSAYG GRSl g, it
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si mul taneously used for the associated data transm ssion, and at | east one
10 of the 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 the control
information bits in the precoding information field(s). The

15 apparatus further comprises a control message sending unit
adapted to send the control message with the precoding
information and TBS fields to the second node.

According to yet another aspect, a method is

provided in a second node for obtaining precoding

20 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

25 Dblocks 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

30 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



30 selected precoder matrix used for adapting signals transmtted from

mul tiple antennas at the node sending the data. 13 According to
further enmbodinents, the data is transmtted fromthe first node to the
second node and the precoding paraneters are determ ned based on current
channel properties indicated in a fee@back report received fromthe 5
second node, and/or by the anpunt of retransm ssions due to decoding errors
at the second node. The second node nay be a terminal and the first node
may be a base station ordering the terminal to transmt uplink data
accor di ngCPRE¥PE TRIREVRELPR bl nin | Wi mrrsHng Ginf madriasbodi nent s,
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parameters determined by the first node. The apparatus also
comprises a control message decoding unit adapted to detect

15 the 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 the TBS field
values to interpret the control information bits in the

20 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

25 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

30 selected precoder matrix used for adapting signals
transmitted from multiple antennas at the node sending the

data.



14 indicating that HARQ process 2 is mapped to codeword 1 which is
transmtted, or (TBS1l, TBS2) indicating that codewords 1 and 2 are both
transmtted. A fixed HARQ process to codeword mapping may al so be used
where the TES field values are used 5 according to (TBS, 0) indicating that
codeword 1 is transmtted, or (O, TBIB indicating that codeword 2 is
transmtted, or (TBS1l, TBS2) indicating that codewords 1 and 2 are both
transmtted. Furt her possible features and benefits of the M
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conveyed precoding information.

10 In other embodiments, the TBS fields may indicate a
payload size pair corresponding to the payload size of a
first transport block and a second transport block. The
payload size pair may then be set as (TBS, 0) indicating
that a first codeword is enabled and transmitted with size

15 TBS while a second codeword is disabled, or as (TBS1l, TBS2)
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

20 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

25 “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

30 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)



30enbodi nents. 15 - Fig. 5is a table illustrating how fields in a PDCCH
nmessage can be used to encode precoder related information, in accordance
wi t h anot her enbodi nent. 5 DETAI LED DESCRI PTI ON The present

i nvention can be used to reduce the signalling overhead needed for precoder
signalling, and/or to provide inproved flexibility for conveying precoder
related information, as follows. It can also be used to 10 utilise any
available limted signalling space nore efficiently, e.g. within prevailing
header size restrictions dictated by any standard protocol (s) used.
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associ ated_dat a transmn ssi,on. These fields nerally denoted. " | oad
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to a second node, carrying}infornation on t he payl oad size of an associ ated

data transFRENBHEeRatoX hE coffi$ ol 1nialddad dihats qsleward ¢ iliS sed to al so
control of, GhShftEd Ny (TBS1, TBS2) indicating that codewords 1 and

2 are both transmitted.
Further possible features and benefits of the
10 present invention will be explained in the detailed

description below.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be explained in more detail

15 by means of exemplary embodiments and with reference to 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.

20 - 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

25 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

30 embodiments.



25 interpretation of precoding information provided in one or nore specific
fields of the control nmessage. Thus, in addition to determ ning the payl oad
size of transmtted transport bl ocks, values in the payl oad size rel ated
fields are also used to encode information bits in the precoding 30
information field(s) according to preldodi ng paraneters selected for data
transm ssion. The bits comuni cated in the precoding information field(s)
of the control nmessage will 16 thus inply different predefined sets of
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be uséd RFTAMRHRAREAGRIFEIN i nvention. For nost payload sizes in LTE, the

fields reserved f nd ul atipn and Codi ng
Schene) jointly do{ % ne ealprla\}; q{S]I }e of* us(l%/ibgtr rfseéjg‘} Bﬁq't?c

Soret i messiagiti1liorgalovidriedsl m&dmdm@mmﬂ s i 1. de/'&ﬁ'
redundancy_ver Si any case, plural fields in the

control ’T‘?Qey( F'%/"{Iiﬂ‘ﬁesfi oféteé‘rﬁﬂwttyhéoﬁaﬁo@é’(?ysllnﬁe RFec®ASTansport bl ock
in an aSm&d&ﬁ I FRAMEEYPN a2 b 1RGRE frceldiﬁa (‘acilécﬂ H@Q&%é%&e mapped to

a certain TBS val ue. The present i nvention may thus be generally used to
expl dPt ﬂH@Jﬂ#%Séﬁ@éaMakiah§§\kﬂmkﬁqﬂﬂsngﬂﬂiﬁmmg splassk mapessi bl y inferred

or inplied r f| I | exactly how t.hese TBS

val ues are eér%‘lrgvrgeg& éﬁ ?’é‘tgl Tt qﬁ% 1611 ea rtﬁlf%gel ShFt6RS Hence
t he t er mdimBaddde g asiwdﬁhnﬁﬁrmwdﬂ(w)bmsem erpreted literally as it
may al so refer to_an . inplicit or inferred TES val ue. Furt her nore,

the present inventitortd &571med rﬁl'iaé'd e Ol disigkigpd o Fediel ds. It
shoul d alemti®INGFbrmation to another node that describes the

15 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.

20 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

25 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

30 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



30 that conventional channel coding of the control nmessage may further be
executed, in addition to the above encoding of information bits in the
precoding information field(s). 17 Thus, the encoding of precoding
information bits by nmeans of TBS fields or the equival ent as descri bed
herein, should not be confused with awy conventional channel coding or the
| i ke. 5The present invention enables that information entities in the
precoding information field(s) of the control nmessage, such as transm ssion
rank indi cator  ( precoder confirmation, explicit precoder matrix

m),
i ndi cat or tpR 3m %Azﬁrfi’ﬂ%f?’ﬁﬁ%‘f IBredrbtal 8] AP val ues in Wthe
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W t howt reatitéadingnyhexdvéarsl Pned dnall Hrandvelttead, which wiAlstandard
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previ ous| JEEEFReA t 1R MREREISRThAL FPUPY i Rk RYBM |y referred to
as the "tgaPS@Phdnds ock to codeword swap flag". This flag is nornmally used

to indicate the mappi ng of HARQ processes to codewords, e.g. to indicate
whi ch codeword to ¥etthesapove tmenhionedsRDCCHhanerBmde elthe ipaytloadPDCCH

nessage c e r | kLS t | ndi.cat e t, odeward t
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a first nbetFed EbRVESi M HreRDPR M orariBl et Bhiths nessage to a
second noﬁﬁveﬁaﬁoﬁpnﬁéplmé@éwmt@iﬁ@% 8 THOE ld1Ris descri bes

properties of a
reserved for resource allocation and MCS (Modulation and
Coding Scheme) jointly determine the payload size of a
15 transport block. Sometimes additional fields are involved as
well, such as e.g. the redundancy version (RV) field.

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

20 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

25 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

30 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).



18 associated wireless data transm ssion enpl oying spatial multiplexing and
precodi ng for sendi ng codewords corresponding to transport bl ocks. The
first node may be a data sendi ng node and the second node nay be a data 5
recei ving node, or vice versa. Al though precoding information is typically
conveyed froma data sending node to & data receiving node, it is also
possi ble to convey such precoding information froma data receiving node to
a sending data node, e.g. in the case when the first node is a 10 base
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reserved ¥ikeinformation on the size of communicated transport blocks or
the like, i.e. the above-nentioned TBS fields. However, the term"TES" is
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control information can be achieved. When using this
solution in practice, support for the above-described
functionality of transmission rank override for precoder
I5 confirmation as well as transmission of a single codeword
over two-layers, 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
20 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
25 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
30 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



19 frequently provide such feedback reports to the sending node in order to
keep the channel properties up-to-date therein. A transm ssion rank and one
or nore precoder matrices may be recomrended in the feedback report, as
menti oned above. 5 However, this step may be omtted depending on the

I npl ement ati on. In a next s¥ep 302, precoding paraneters are
determ ned or selected for an associ ated data transm ssion between the two
nodes, which nay conprise a transm ssion Wrank and/or a predefined
precoder matrix. The precodiggaparanetens can be determ ned optionally

based on FMWFRAI AL IRRPATC R PFASHSHA PRI SRR
addi t | Onahh e 051 Bk 4155 A WShAC O A SFbr Sdha e HEMMr T etransmi ssi ons

of data due to data decoding errors at the 15 receiving node. As
descri bedcabosspording divi trpmerier treyl acksomihed figrsttaineds swgdibeg a
paraneterg_ edback.report,. and the. sendi ng nqde W]l then either
confirm o?a%ge%rlggenq hré&%%c%ﬁgriretn%eatsl%éﬁnq:lﬂ cﬂeer“?dyi 1% 6 (Siratlans uf ficient

basi s 5 orr@fetheimy modeg guf eensk Neefed amiticudls praidddhiee, the first node
may sel ect default precoding paraneters for the data transmission, In
ei ther catREo¥MRbII IR HRECHAY FRVRIGT iBPR dRbH Sy s9S8eters

Ahen 25 bEs ry S ALY OSSR O R R
sendi ng npxecoding informak ko of 1@ Patidepre3ti ving gradet iton aits in the
Decor nosHPREUARE A0RL0(E)s LV I DL Aot R e 1000
in thy TEBSaseesdstidm thuats owderd he termiousl ,Cowsing Y geidrdl inode)e
precodi r]gtci) n{gégsargig nu;];]i.ier!llg(g ta?1 raec grlglfrll teonct%deedco%%%;e%e p\i‘aelcuo?:lsinsget 20

information, e.g. with a certain precoder and transmission

rank. In that case, the base station is the first node

receiving data, and the terminal is the second node sending

15 data.

It is assumed that 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

20 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

25 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

30 node, e.g. according to the above-described mechanism of

signal transmission adaptation by channel dependent

precoding. Typically, a receiving node is obliged to



in the payl oad size related TES fields will affect the encodi ng. Thereby,
the bits in the precoding information field(s) can inply different
precoding related informati on or nessages depending on the values in the
TES fields, 5 without increasing the overall signalling overhead. The
avai | abl e signalling space in the prel@oding information field(s) is also
utilised nore efficiently, as conpared to the prior art solutions. It is
al so possible to conpress the space for precoding information in the

message, e gt g;ﬁﬁp é[_ac% el ' e Jdi.cat ed t he
TES fi el dﬁ{/%‘testwr? txteda gi%\lhl C vﬁ %"3&%@%?& tl%ﬁrkrrk%r egeg’ceala% nl‘)’é:f%w. In
addi ti on iro aivdemnboy&kesp dthenghEnnielf roddrmids tup - to tdea ep rteadiing

i nformation field(s). accordin 0 15 sel ected precodin araneters

convent i &glir%r??é'?ﬁ?éﬁ)lo&d?aﬁg( (ﬁq‘c{ T S r"lﬂrené?%é'é’éio‘?’a %“tor‘?e?r M3y @’_t‘?pl oyed,
whi ch i s fedmmesndad SirfleHe e a0 frdgta- thr @3 MeritDHEd (boven @ final
step 306, the control nessage, containing the TBS encoded bits in the

pr ecodi ndIAMf &t STERIMAY, he auiiiterh depeanskinge @hdheode. A
corr espongi i AGRdWL W |1 be executed in the second node to obtain the

pr ecodi ng ié\h%orrratlon r}en the control nmessage fromthe first node. Firstly,
the control nessadge is nesteistsb 302 udiney qetisgp GarpnEtraaretaares 25

determ ned by t.he first node. ondl y, the ,precodjng paraneters are

det ect ed eyt%lre"&ld'hefié’rc eoqetqf%rr&?sﬁ??tieﬁi tlgaeaFﬁan&‘fblsﬁr’@E‘odi ng

i nfor mat ibstWdeal tind dwie rsady OlwHIRSS A Bonprane &f oralnes ddiRay! oad size
related TES fields in the control nmessage. The TES field values are then 30

used 0o iRy At ah@ dfdediined aragadsr Faty i (The preseding i nf or mati on
f'e|d(s)-paf§heters can be determined optionally based on the

received feedback report, although other basis may

additionally or alternatively be used, e.g. the amount of

retransmissions of data due to data decoding errors at the
15 receiving node.

As described above, a receiving 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

20 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

25 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

30 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



Fig. 4 is a block diagramillustrating an apparatus in a first node 400 for
conveyi ng precoding information in a control nessage to a second node 402.
The first node 400 nay be a data sending node and the second 5 node 402 nay
be a data receiving node, or vice versa. As in the exanple of Fig. 3

descri bed above, the control nessage Wontains information that describes
properties of an associated wireless data transm ssi on between the nodes
enpl oyi ng spatial multiplexing and precoding for sending 10 codewords
corresponding to trangﬁort bl ocks in the data transm ssion. The control

nmessage i $0chbhti Bayterd ostant i irbre S nbreldy stk mffieftortha i on fiel ds
d TBS f} ; |, | i f1 el flrst d
il CRoSGing! SROCSEYLYCREVLORE B Mone DA tirqrlit g O ont

apparatus in Fig: npri1ses functional uni asi cal'ly adapted
to supporfiehd (sl ocanuinpby dHiffedent precodindgihee¥atrest inofhermsipiaorat us in

Fig. 4 cogpr|] r I det erm ni ng uni t. 40Qa ted . tp determ ne
pr ecodi nggga‘lrn%r%%?g?g %&é’%ﬂg&'ﬁ% drétt?l? r‘é%]slfﬁ%slirbgtqﬁ ?%réles]é%ond node, e.g.
accor di ngwithoeguintreaoleguties arsh2D1 apidrmal 1ng ksachayy f egdback reports

F received fromthe second node 402 jf the first node is the one sending
data. Uni ?Vabbalhe o91aRal g (FRAGRI Yy the Sraceding g fommhiast message

encodi ng gféia ¢8Phis Wi &H i POSEE Gbtd @fﬁ%eebﬂﬂ‘f e iéalf?n e'xte?i gy, the

precoding information field(s) in the nessage bas d on v S set 1n the
TES fi el dsh¢ npatedraphceolitionshe ety el gossidiliendpaanptesss the

fie ! 308, he i d
basi cal | Yofscdepati Dec aboNS (9o ERid0%n the mesgadile JidStnode -

0
appar at us C rﬁ‘:)r ses-a control
i s adapt edmi bt 5rgda IRARGEE Tomt £ Dbl dBasiage ddmidd itRE @neeries, kiHes TS t he
pr ecodi ng in&grrra ion field(s) to the second node 402, |If the first node
400 is t hBTELF avaeher niaeRd: (Wi Re dnesddiedy inmare datiddds P are
al so provphdegyto a data transmtter 400d for use during transm ssion of
data D to the second node 402. On the other hand, if the second node 402 is
t he data sendi ng nbdeaddhliprceodthe) aovermangaling axfeiindibrmedrharhe 5 fir st

node 400 BEEsPLUAE G Len iRl SRR AL AP UL IR, F Peoond
400. DBepesdiagted phecodirie npantaeé s UrddnvEiia oyl phanma tdeipry amet er s
P to uni to Ogl'?e eci:égte;o]qinrleescstal e Ourla}/ii?urtthheexg%[ea én{palrg/rgc{,t %vrhich 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
20 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
25 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
30 used to interpret the control information bits in the

precoding information field(s).



M 400d or via any other functional unit not shown here, and this enbodi nent
Is generally not limted in this respect. An apparatus is al so
provi ded in the second node 402 for obtaining the precoding information in
the control nmessage Mfromthe first node 400. The second node apparatus 15
402 conprises a control nessage recei2ling unit 402a adapted to receive the
control nessage Mincluding the precoding paraneters determ ned by the
first node, and a control nessage decodi ng unit 402b. The latter is adapted

to detect the pr e%?'dg%ngq.:lr ?#T%;legcq{ Qyiaf%ggiig’fq%%]q_’rpartoll i nformation 20 bits

in at | east one pre rmation e conty &° nessage by neans
of val uesppandtaipayl ead igiste neleatddd TBF idosives/ iny tPirec@igol nessage.

The contr.ol,. nessage decodi ng .uni.t 402b uses the TES field values to
i nterprett ft?er"&aa"rﬁ 10 ¥ &%ﬁo&n 555295 thé FE5O8E MPAEs 409 ot i on

field(s).first node 4do skaulyé ke RAlLGdlBing nbded SR @t iddodsia ates the
functional units 400a-d and 402a,b in a |l ogical sense, while the

aboveldedQdandd ¥ Mot iksnd Satrabeganiivdmsnnedsi. n o ydidec ersiang Agnyinsui t abl e
sof t war e gpd ,@y@' .t hout radi romth resent i nvention.
Typi cal |y, boePﬁJ at a%a;fn?'l o'n;ér cﬁ%%nc%g%geéiteg%g)fg’c?r?ﬁu%%gtrg B‘fsﬁggﬁs of the
sane 23 guntsiige infarswitsisnotheguidesntibes pacperades @ @i ng transcei ver
and ant enna parts now be described in nore detail how

o t Wil
the encodSRYGRUSE SiFgliess tdatt?wztﬁa&s&}&&ilﬁé‘ ' it fPseFs 5 in the
control nRfERGANd 9 WRI14ED 1984 righ alnlde pHBe Jdifld$orCaRnE ngxecut ed in

practice by neans of sone exenplary enbodi ments. The foll ow ng Sections
descr'Pbe GRSRUANGS CONTSSRONEERE @ itFRESPeRIto tpliocksd 4 nadieMdrBar el at ed

oo, R ae00S i bl PEMRMEL 2 Myemner o
sendi ng mowe dro meoree paievodd mpdmformation fields and TBS fields, or
generally payload size related fields. The first node
apparatus in Fig. 4 comprises functional units 400a-d
15 Dbasically adapted to support the procedure of Fig. 3.

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

20 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

25 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

30 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



In Fig. 5, a table is showm with different information fields in a PDCCH
nmessage configured in accordance with the current proposed LTE standard to
u indicate various paraneters relevant for transm ssion, which a data
sending node is obliged to send to a data receiving node. The first colum
indicates a field order nunber, the s®cond colum indicates the field
contents, and the third colum specifies how many bits are available in
each PDCCH 20 field. The first columm also contains an asterisk (*) for
those fields carrying informati on needed when M MO i s enpl oyed. The shown
PDCCH nesBagameberprBvaae 3b90 tprecsided thhed fata disansssl e Wdaxi mum of

two COdeV‘@SgS%%e aﬁ‘grfn%géf ORI Es £5h 8¢  addl$ ﬁ%@%ﬁedr%&% Ho"abeds in Fig.

5 relate to: resour allocation with a varying nunber X its

dependi ng402. tOr shstephdantkwd} hif 2§hd resrsmd siade poerisdaita alate th 2
bits, 3) a first TBS 1 for codeword 1 with 5 bitg, 43 .aae'rsiﬁc nd TBS 2 for
codewor d SCUHAI s8¢ 5, CBY BYCRRWF P RE I SHDrf NSl V: cy

Versi on R¥idst Oho@@ULYOr srd pédidedi ts,.a DoMNdsporiithqR\gatd or codeword 2
with 3 bits, 7) a HARQ process identity with 3 bits, 24 Precoder Matrix

| nf or mat i BRAPFPLGEER #Nbrhe FeEPrAtnele iA2h NRtectRWM meiaY uSes actual |y
used. 9) BheERGeLr£00hd LOBLA 00 Widt 1edl {nd Nl ST B oo ! I fRpded
transm ssi on rank and precoder or I

matri x are use anottier ramk and 5
mat ri x arenutkd, iMp)enearsti e oumnRandko danchapatprovRlden the Daxrametearsd 11)

HA f ith 1 bit. |t L d ted that th ters PM and
R above Ralo aPibt DAOVRI 61 TR (O R TROY NS AR PHOPSHE Ry

(Tranggri ssboa &)videsppcdtiet YEudOArsRI i ¢t tdt Bhdwn tar-f)DEHd fi el ds 4,
6 and 8- 11 all contain "M MO related" information, i.e. information

communi cabB#s ofmpodiraent W generpl by atpt ahidnited don ghis esmedteal |y

t ai di f | fs [tS.
contaln precodi ng AR QPREAARs 1ENGPeo it Med’id Gl ISeddhd Hbd@ssage can

402 for obtaining the precoding information in the control
message M from the first node 400. The second node apparatus

15 402 comprises a control message receiving unit 402a adapted
to receive the control message M 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

20 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

25 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

30 departing from the present invention. Typically, both data

and control messages are communicated by means of the same



15 out of which 8 bits relate to precoding. Mreover, there are two TBS
fields allowing for two different TES values TBS 1 and TBS 2 to indicate
the transport block size used for up to two correspondi ng codewords.
According to different enbodi nents, the TBS val ues 20 for the two codewords
1 and 2 can be selected to al so encod8 the precoding information in the
shown PDCCH format as follows. The TBS values TES 1 and TES 2 determ ne the
interpretation of the precoder information bits in fields 8- 11. Thus, the

TES fi el dsny &6k SRt Er2n Sy £85h Sd @ﬁé (5T 1852, &S; esponding to
t he payl glg size of a Wst traén%lg1 t rEﬁ olc'E%ar%?}oscgé?cz)lnn rcglri%ort bl ock,
respecti vergnsqgiveny@ndhasiemagpartgBS1, TBS2) for the two codewords

signal s or indicat t follawi ng: 30..- (TBS, 0): e codeword is enabl ed
and transnitted Wlfﬁ % nf‘ﬁé%\?‘ui‘?%s?ﬂ’eb%cgﬁe‘? 'E%%%yé?’ba’rjs_m‘%%}eed. 25 -
(TBS1, TBS2yodig ©OdbvEsHfatien asobs eth gk dSRNRg i fshid e NRAURl Yy with
size TBS1, and T852, respectively. In addition to 1ndicating the nunber of 5

transmit tEY CRISAULL (RIS grivAFehPoa BIRS B8t dmdlwet®HS ne the
| nt erpr et eid ol Ofcdd &Rt ed R RO DIhS ks ¥ Oyhles for
0 an

conpression of the size of the contr messag may even all ow for
support ofxenpilanorenbddangnthal Thy Seildowing esart i dnisa ndss QSilen Hoank
override cqoder confir i on when fr ency:-sel ective precoding is
ool oyed 1R o Eidedtiig LR SRR S TR S e Tt

i ndi cat edf iyl desi g e @DCCH M sHES Wedlin eEPMEBNARD SHERRIE A N the

| at est feedback report conveyed fromthe receiving node to the sending

node. '*ThSYRRYT et AT ePIinse AT | Spa L adh dprtelddeerinamiddemattiaon in fiel ds
10, 8 andfhnd@sReGid Rlth Hash e éé’ﬂcﬁtrﬁ’ %&g@dt?g%r%cfegyj{ eg'ncf 'e,OW for

two different M MO tTansm ssi on cases.
different PM val ugs Bid ovb r ef eraltle sizecHdwn with different

information fields in a PDCCH message configured in
accordance with the current proposed LTE standard to

15 1indicate various parameters relevant for transmission, which
a data sending node is obliged to send to a data receiving
node. The first column 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

20 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.

25 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,

30 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)



predefi ned precoding matrices, e.g. in a known codebook. 20 1. MMO w th
two transmt antennas (2 Tx M M) - When transm ssion 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 nessages with 25 the
precodi ng information, including: a) 24 nmessages with Rl =1 conbined with
PM=0,1,2 or 3, b) 1 nessage with RI =1 conbined with "precoder report
confirmed, use |Icolum", and c) 1 nmessage with RI=1 conbined with
"precoder_report 30confirnmed, use 2" precoder colum". 26 - Wen

transm ssPERCPIRR MatrindlniRr i it atichefahide Bndicatdng wiich
om0, O el (gL
with PM .¥ioh 1, biindchat can be “1” if recommended transmission rank
and precoder matrix are used or “0” if another rank and
5 matrix are used, 10) transmission Rank Indicator RI with 2
bits, and 11) HARQ swap flag with 1 bit. It should be noted
that the parameters PMI and RI above may also be referred to
as TPMI (Transmission PMI) and TRI (Transmission RI),
respectively.
10 According to Fig. 5, the PDCCH fields 4, 6 and 8-
11 all contain *MIMO related” information, i.e. information
communicated only when MIMO is employed, and fields 8-11
specifically contain precoding information. Hence, a total
of 16 bits in the message can be used for MIMO information
15 out of which 8 bits relate to precoding. Moreover, there are
two TBS fields 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
20 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,
25 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:

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

size TBS while the other codeword is disabled.



e) 1 message with RI=2 conbined with "precoder report confirmed". 2. M MO
with four transmt antennas (4 Tx MM)) - Wien transm ssion rank = 1 or 2
and one codeword is enabled by signalling (TBS,0), 6 bits can be used to
signal one of 34 different possible precoding related nessages incl uding:
a) 16 messages with R =1 conbined wit®% PM=0,1,2, _or 15, b) 1 nessage
with RI=1 conbined with "precoder report confirmed", c¢) 16 nessages wth
Rl =2 conbined with PM=0,1,2, or 15, and d) 1 nessage with RI =2

combi ned W {ppgPr esgsiey . rfWE”éo&$%6¥ﬁ H%P%Fd and ﬁlng {hééinsn133|on

rank = 2, 3 or 4 and two codewords are enab sl gha TBS2), 6
bits can $Emybraneouslyyrel thnel zd ’EEShlafﬂérmz,pgnéca:me;m.dl ng 25
rel at ed nmessages including: e) 16 nessages with R =2 conbined with
PM=0,1,2, or 15 f) 1 nmessage with R =2 conbined with "precoder report
confirnmed", In addition to indicating the number of

5 transmitted codewords, these signalling options can also
determine the interpretation of the precoder information
bits. This provides for compression of the size of the
control message and may even allow for support of additional
functionality such as, e.g., transmission rank override for

10 precoder confirmation when frequency-selective precoding is
employed. In one embodiment, the transmission rank override
can be indicated by using specified columns of all
recommended precoders in the latest feedback report conveyed
from the receiving node to the sending node. The information

15 types RI, PMI and precoder confirmation in fields 10, 8 and
9, respectively, can be jointly encoded as specified below
for two different 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.

20

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

25 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

30 confirmed, use 2™ precoder column”.



g) 16 nessages with RI =3 conbined with PM=0,1,2, or 15, 30h) 1 nessage

with RI.3 conbined with "precoder report confirmed". i) 16 nessages with
Rl =4 conbined with PM=0,1,2, or 15, 27 j) 1 nmessage with Rl =4 conbi ned
with "precoder report confirnmed". In this way, the nunber of bits needed to

convey 5 the precoder information aboe can be reduced in the PDCCH nessage
since the TES values control and limt the choice of possible precoding
nmessages. It should be noted that when 1 codeword is transmtted and Rl =2
for 4 Tx MMD as shown in the exanples 2c) and 2d) above, one codeword is
transmitted on two @R sStTARIM 381G SFRBNE % anhiwA Gedewards afied L2 in
Fig. 2c. ; : i e 3 = ] , the

pr ecoder {%%%fnﬁa%?ééﬁllﬂn%q(l g%%\ﬁy{brﬁ)ém)ﬁ %?l?asﬁ%bagfigaeer ilg}seegp?h\b(raough t he
codewor d $bgnal eonerephi hgdi Efewent rpdisiblza precoding relatted s al so

ossi bl e 1t _fie .of Fig. 5 normally containing the HARQ swap fl ag
3hich irmﬁ%%.%&é??ﬁ?ééhé#%é?fron1HARQ processes to codewords. In addition
to indicating) themewwdpss ofith eRISHI tdonbidrdewartds pMI® BeSivalamas in fiel ds
3 and 4 of Fig.. 5 can be further used to 20 indicate the HARQ process

mappi ng accdidi hd"e° R Width din Try:conbimsd it hHARYSsasteds FePIE mapped t o
codeword 1 Wby seds ansm tted, (0, TBS): HARQ process 2 is napped
to codeword 1 which is 25 transmtted, and

2. MIMO with four transmit antennas (4 Tx MIMO)

10 - When transmission rank = 1 or 2 and one codeword
is enabled by signalling (TBS,0), 6 bits can be used to
signal one of 34 different possible precoding related
messages including:

a) 16 messages with RI=1] combined with PMI=0,1,2,.. or 15,

15 b) 1 message with RI=1 combined with “precoder report

confirmed”,

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

20 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

25 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,
30 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,



(TBS1, TBS2): Codewords 1 and 2 are both transmtted where HARQ process 1
is mapped to codeword 1 and HARQ process 2 is mapped to codeword 2. 28 a
fi xed HARQ process to codeword mapping is used, the TES fields can be

further used to indicate: (TES, 0): Codeword 1 is transmitted, (0O, TBS):
Codeword 2 is transmtted, or 5 - (TB31l, TBS2): Codewords 1 and 2 are both
transmtted. The latter enbodi nents above woul d effectively

i ntroduce several new codeword to | ayer nappings, thereby providing a nore

fl exi bl e chai,ce of which |l.ayer, .t I 01 tw 1.SS) r exanpl e,
when transmjgsﬁorq‘ersgr?l?e ‘”2‘,% [ tRIth%ul%gﬁrl}fé%ﬁc%)lsgl% e E%ré?r@g%?mgjtépgggi ngl e
codewor d usiduhftiwenddayers, e.g. as shown in Fig. 2c. The

exenpl ary enbodi nents descri bed above can be used to inprove the efficiency
for encoding precoder related 15 information, e.g. in a control nessage
froma base station to a user termnal to control an associated wrel ess

data transm ssion ¥ tHES siRthdRpoBmasE G tidupissded §4 598y over head
can thus he ;gjve%&& dSHH AR B AR HehaRlcd ih oMYl Ippce the sane

time additio 20 functionality can be introduced for supporting rank
overri de membdgw simarestilesiTRS ofalaues mpndneddanst d it ¢henshciywer ofpat i al

mul tipl exing..,lt shoul d,.be noted that the,abgue-descr,i codi of
i nformati ke iRFetCt?éhﬁ’rgedrbecﬁ %ﬁagqelsn'f ofrtnasth:%&;ifib% aos%eqf%h%%d%ﬁqg 1t hat a
codewor d dsdetvoanaly edfdismai el aRy RS0 forr j0ITH IMIMIBSes Ghowsl des i n

other fields in the control nessage, e.g. the NDI/RV. fields in Fig. 5, in
addi ti on &he RfaRRle®i2G) ank 2r8s FhW s O EPRRHA FH VSRR 5K hus not

limtgd igh this TRANEE! -such as when CW1 is transmitted on L1 and L2

in Fig. 2c¢. Furthermore, for 4 Tx MIMO in the examples 2a)-

j) above, the precoder column subset is implicitly known and
can be derived through the codeword to layer mappings shown

in Fig. 2a-e.

15 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

20 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

25 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.

30 The above allows selection of which HARQ to

transmit when the transmission rank = 1. Alternatively, when



VWhil e the invention has been described with 30 reference to specific

exenpl ary embodi nents, the description is in general only intended to
illustrate the inventive 29 concept and should not be taken as limting

t he scope of the invention. For exanple, although the concepts of LTE,

OFDM M MO, transport bl ocks, codewor2s, |ayers, feedback reports,

transm ssion rank and channel rank have been used when 5 describing the
above enbodi nents, any other simlar suitable terns, paranmeters, mechanisns
and standargs y. basically be used to acconplish the functions described
herein. The b?‘ggeﬁ%RQnFiﬁﬂ??%ﬂ tQ gedevard ymappingdipyused fthe SBHg

| ndependenieehai 8n pa0rteha? dsed EBUNASiLAE first node (400) of
conveying precoding information in a control nessage (M to a second node

(402), the ¢@BE! 0h) MEESALKoFONM af DI O 4 SH AL ion that describes properties

of an associated wreless data transm ssion bet ween the ;irst and f
second nodegge L L&l t | and precoding information for
sendi ng codgmbpgéggbpg%ggﬁég?n%n%% %#%ﬁ%&xn b1 6%%5 in said wireless data

transng ssio hSh g f: - fdeterm ing%éBOZ . precodi ng

par amragt ers ?E’?g?gpgéeé?ﬂbl%%g%l‘;‘%’g&%a‘faa%%n?raoﬁe %%r}sté atrbg_“%lr%eé%cond node, -
encodi ng control information bits in at |east one precoding information
field of the control nessage (M according to the determned precoding

paraneters (P) by The latter embodiments above would effectively
introduce several new codeword to layer mappings, thereby
providing a more flexible choice of which layer to use in
10 the transmission. For example, when transmission rank = 2,
it would be possible to transmit a single codeword using two
layers, e.g. as shown in Fig. 2c.
The exemplary embodiments described above can be
used to improve the efficiency for encoding precoder related
15 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
20 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
25 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
30 reference to specific exemplary embodiments, the description

is in general only intended to illustrate the inventive



means of values in payload size related fields in the control nessage,
wherein said values are set to determne the interpretation of said contro
information bits in the precoding information field(s), and - sending said
control nessage with said precoding information and payl oad size rel ated
fields to the second node. 2. A nethdd according to claim1l1, wherein said
data is transmtted fromthe first node (400) to the second node (402) and
sai d precodi ng paraneters (P) are determ ned based on current channel
bropert | eachBEbEaLAd LRoMACRAPACE LERE'ad HikELehCthl G0D0% Fo0RNY
node, and e anount of retransm ssions due ecod errors at the
second nodlavenS8ioA. nEbhodxanpbediagthoughathe1comcaptmhefeLnEIhmmmepond
node (402% is a termnal £ %he first ng £400% ase station
ordering UA¥Ct eFRAREPOTH PHARKHT t COBPYRR Bat 42 %rdf-‘ﬁﬁ }P%C‘fh’éeﬁi%%yed
precodi NgtrAhSIBEL8A- rasit afld OCRaARERr AANR havé beéstusedewndRo), for
conveying precoding information in a control nmessage (M to a second node
(402) .5 t hdegeriPoNInEBS agRo¥ONEEPARKGEN RS or ABY | ORhexasimbbari pestabbperti es
o PSS Ek AL Itk L AL E8Pe IhAchLATSHE Sha s { BhabPANCRRY | BEol LLply A0
second nodes ehp oyl ng spatia eX|ng and precodihg rnfornation for
sendi ng cadedotdsacoompipshdihg fonttaospodésblbb&d haersand Theel ess data
transm ssion, rising. -.a precodi erm.nj ng_uni 400a) adapted to
et or m nePBREEE! HGvEaF Lre: iF SERFTe b IR hEnTachY it at {RERS  moseage
to the segnndpBndent- c@atmstrol nessage encoding unit (400b) adapted to
encode controF information bits in at |east one precoding information field
of the control nmessage according to the determ ned precodi ng paraneters by
means of values in payload size related fields in the control nessage,
wherein the values are set to determine the interpretation of said contro
information bits in the precoding information field(s), and - a control
nmessage sending unit (400c) adapted to send said control nessage with said
precodi ng informati on and payl oad size related fields to the second node.

5. An apparatus according to claim4, wherein the first node (400) is a
base station and the second node (402) is a termnal, the base station
ordering the termnal to transmt uplink data according to the conveyed
precoding information. 6. A nethod in a second node (402) of obtaining
precoding information in a control nmessage (M froma first node (400), the
control nessage containing information that describes properties of an
associated wireless data transm ssion (D) between the first and second
nodes enpl oyi ng spatial nultiplexing and precoding information for sending
codewords corresponding to transport blocks in said wreless data

transm ssion, conprising the steps of:



32 - receiving said control nessage (M including precoding paraneters (P)
determ ned by the first node, and - defecting said precoding paraneters by
decoding control information bits in at | east one precodi ng information
field of the control nessage by neans of values in payload size related
fields in the control nessage, wherein said values are used to interpret
sai d cont@aims nformation bits in the precoding information field(s). 7. A
nmet hod according to claim®6, wherein the second node (402) receives said
data (D) fromthe first node (400) and said precodi ng paraneters (P) have
been determ ned based on current channel properties indicated in a feedback
report (HB) seAtméthodrint dfirssestend0dosdepnaythgqredndirtghisfoanationt in @fcontrol

retransm ssions due to decoding errors at the second node. 8. A nethod
accor di ngeseagd @)rio 6 sevdrer made (402), fhiercontrolotkessedd O)ntaining ifaseat®ndhaton and
the second node (402) is a termnal being ordered by the base station to
transm t dagdribak pipedieaot an dssugidter Winadessodat@ redsrpisscn (D neptivedrotheditston. 9. A
nmet hod according to any of clains 6-8, wherein bits in the precoding

i nf or mat rot sé¢amddPs$s empioliieg spatial olultipsswged(dvpcading infodintfier fensemstiredef | ned
sets of precoding information nessages depending on the set values in

payl oad sodmvardd earesspbndingl. trarsPort Alocks incdidagicdessi dega trensmigsiof, cl ai s 6- 9,
wherein the precoding information conprises any one or both of: a

t ransm ssooprigigghtoeistatiscdt i ng t he nunber of parallel |ayers or data streans
bei ng sinul taneously used for the associated data transm ssion, and at

| east one setetetnaidinp(8Q2)gescodbigriaxarmsteds (Pto tEliapiuded)inssajhedrérot massaget t ed
frommultiple antennas at the node sending said data. 33 11. A nethod
accordi ng t tv thapeadndoicgiens 6- 10, wherein said payl oad size related fields

i ndi cate a payl oad size pair (TBS1, TBS2) corresponding to the payload size
of a first tereesingraontiblocferraatibnebitset etidadtioaa ppemotiinglinfokmatandiekhifdhepayl oad
size pair is set according to any of: - (TBS, 0) indicating that a first
codewor d i scen@wbmedsaged M) ransingtte themdtérmsnedepré@glinghparemaetese )iy codewor d
is disabled, and - (TBS1, TBS2) indicating that two codewords are enabl ed
and transni teeads ef vallasameaylsdd sing tdiated fieldd BSbe anotrdB8Ssage specein veidy .

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 payload size

related fields to the second node.

2. A method according to claim 1, wherein said data is transmitted from the first node
(400) to the second node (402) and said precoding parameters (P) are determined based
on current channel properties indicated in a feedback report (F) received from the second

node, and/or by the amount of retransmissions due to decoding errors at the second node.

3. A method according to claim 1 or 2, wherein the second node (402) is a terminal
and the first node (400) is a base station ordering the terminal to transmit uplink data

according to the conveyed precoding information.



12. A method according to claim1l, wherein said payl oad size pair also
determ nes the interpretation of precqder information bits in the control
nmessage (M to support transm ssion rank override for precoder confirmation
when frequency-sel ective precoding is enployed. 13. A nethod according to
any of clainms 6-12, the control nessage (M being a PDCCH nessage with
precodi ng. r el ahe@pamatrrimatiramolié edods, forsaindeyrigesedodiay rédraiaéion Innd cortrat | on
corresponding to a "Rank Indicator RI" or "Transm ssion Rank | ndicator
TRI", a msesqder) tdaisetond mudieqad Dy thBNbhtrol amsbsage prasinitig infoomedtion titi on,
wherein these parts in said precoding related information are jointly

encoded. dedetibed\propthied ofas assticRted Wirdsws difta ChedniBsion (BB), betaesretha fitdhe val ues
in payload size related fields are used to indicate a HARQ process to
codewor dan@pgdong ndaeoembging @paite nfultiplexitignghd predoliBfg, infdymativah foasenaingt hat
HARQ process 1 is mapped to codeword 1 which is transmtted, - (0, TBS)

i ndi cat i sgddvivadis RGPS BStrahshort bRPREE shid witkessafata frandmission,s
transmtted, and 34 (TBS1l, TBS2) indicating that codewords 1 and 2 are
bot h trapsmpiidiesl. 15. A nethod according to any of clains 6-14, wherein a
fi xed HARQ process to codeword mapping is used and the values in payl oad
si ze rel at ed afgredddihgade@ertsigify a6ic 000k Ngddpted toaietearhirmbregoding b&3metrs (P)

i ndicating that codeword 1 is transmtted, (0O, TBS) indicating that
codeword 2 iebé mangsd in €id cand! mebIRBBlo tHB&ipnd nddeat i ng that codewords 1

and 2 are both transmtted.
- a control message encoding unit (400b) adapted to encode control information bits
in at least one precoding information field of the control message according to the
determined precoding parameters by means of values in payload size related fields
in the control message, wherein the 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 payload size related fields to the second node.

5. An apparatus according to claim 4, wherein 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.

6. A method in a second node (402) of obtaining precoding information in a control
message (M) from a first node (400), the control message containing information that
describes properties of an associated wireless data transmission (D) between the first
and second nodes employing spatial multiplexing and precoding information for sending
codewords corresponding to transport blocks in said wireless data transmission,

comprising the steps of:



16. An apparatus in a second node (402) of obtaining precoding information
in a control nessage (M froma first jpode (400), the control nessage
containing information that describes %roperti es of an associated wreless
data transm ssion (D) between the first and second nodes enpl oyi ng spati al
mul ti pl exi ng and precoding information for sendi ng codewords correspondi ng
t o transpor t rddetviigssaidicahrodnessagk €813 indatdmgtpresusimggmranctesqiPpdetermiged a
control nessage receiving unit (402a) adapted to receive said control
nmessage i ncbuthenfigstprodepaticng paraneters (P) determined by the first node,
and a control nessage decoding unit (402a) adapted to detect said
pr ecodi ng padeeetreysidyredatingpargmetnt by decadirer somtrblanfolmation bitsan al leasit one
precoding information field of the control nmessage by neans of values in
payl oad si zene eteabéidg irnfehdsion fielt e thearhtrol messaga e meass nvaaesdnval ues to
interpret said control information bits in the precoding information
field(s). lpayladgparsdtes ficldsbrtte ognttad ndsaagn, Wberemherievaluedherd usedtto node
(400) is a base station and the second node (402) is a term nal being
ordered by tirterptehsaidsbatral dnforhaatibn &its m the ppdcodikg dddbanadioo died{s)g to t he
conveyed precoding information.

7. A method according to claim 6, wherein the second node (402) receives said data

(D) from the first node (400) and said precoding parameters (P) have been determined

based on current channel properties indicated in a feedback report (F) sent from the

second node, and/or by the amount of retransmissions due to decoding errors at the

second node.

8. A method according to claim 6, wherein the first node (400) is a base station and
the second node (402) is a terminal being ordered by the base station to transmit uplink

data according to the conveyed precoding information.

9. A method according to any of claims 6-8, 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 values in payload size related fields.

10. A method according to any of claims 6-9, 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.
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11. A method according to any of claims 6-10, wherein said payload size related fields
indicate a payload size pair (TBS1, 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
- (TBS1, TBS2) indicating that two codewords are enabled and transmitted

simultaneously with size TBS1 and TBS2, respectively.

12. A method according to claim 11, 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.

13. A method according to any of claims 6-12, 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.

14. A method according to any of claims 6-13, wherein the values in payload size
related fields 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
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- (TBS1, TBS2) indicating that codewords 1 and 2 are both transmitted.

15. A method according to any of claims 6-14, wherein a fixed HARQ process to
codeword mapping is used and the values in payload size related fields 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.

16. An apparatus in a second node (402) of obtaining precoding information in a
control message (M) from a first node (400), the control message containing information
that describes properties of an associated wireless data transmission (D) between the
first and second nodes employing spatial multiplexing and precoding information 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 fields in the

control message, using said values to interpret said control information bits in the

precoding information field(s).

17. An apparatus according to claim 16, wherein the first node (400) is a base station
and the second node (402) is a terminal being ordered by the base station to transmit

uplink data according to the conveyed precoding information.
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