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(57) ABSTRACT

An improved method for reducing an amount of precoding
feedback information in a multi-carrier Multiple-Input Mul-
tiple-Output (MIMO) communication system using precod-
ing is disclosed. At the receiving end, the method jointly
selects, while considering transmission quality for each rel-
evant combination of sub-bands and matrices, a limited num-
ber of P codebook indices and a limited number of K' sub-
bands to be included in a subset ® (m, ..., m,,) ofaset Q of
allowed sub-bands. K' is here set to a value K'<K and P is set
to a value P=K'. The P codebook indices and information
identifying the subset w is then conveyed to the transmitting
end.
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METHOD FOR REDUCING FEEDBACK
INFORMATION OVERHEAD IN PRECODED
MIMO-OFDM SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2006/001403, filed on Jun. 20,
2006, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the filed of commu-
nication technologies, and in particular to a method, a receiv-
ing unit and a transmitting unit for reducing the amount of
precoding feedback information at a receiving and/or a trans-
mitting end of a communication system.

BACKGROUND

[0003] In wireless communication systems utilizing mul-
tiple antennas at both transmitter and receiver, commonly
known as Multiple-Input Multiple-Output (MIMO) systems,
it is well known in background art that the performance is
greatly enhanced iflinear MIMO precoding can be used at the
transmitter side. Such linear precoding has been implemented
in the IEEE 802.16-2005 Standard and is also suggested for
3GPP E-UTRA.

[0004] Orthogonal Frequency Division Multiplexing
(OFDM) combined with MIMO enables an extension of the
MIMO precoding to frequency selective MIMO channels. In
MIMO-OFDM, a broadband channel is converted into mul-
tiple narrowband channels corresponding to OFDM subcar-
riers. Each narrowband channel can be assumed to be flat
fading.

[0005] Furthermore, equal size groups of adjacent OFDM
subcarriers are formed to obtain OFDM sub-bands. A com-
mon value, used in 3GPP E-UTRA, is 25 adjacent OFDM
subcarriers which form an OFDM sub-band. Hence, the total
bandwidth is divided into K sub-bands. The width of each
sub-band is chosen so that the channel is approximately flat
fading within each sub-band. This implies that the same best
precoding matrix is approximately valid for all subcarriers
within a sub-band.

[0006] A problem arising in MIMO-OFDM is that due to
frequency selective scheduling, the feedback overhead
increases since the channel quality becomes a function of a
number of OFDM sub-bands. In addition, when codebook
based linear MIMO preceding is applied, the receiver needs to
indicate the precoding matrix index (PMI) to the codebook
for each OFDM sub-band as well. This means that the sig-
naling overhead burden becomes significant and methods
must be found to reduce this overhead.

[0007] For codebook based precoded MIMO-OFDM,
some background arts exist, which all exploit the correlation
of'optimal preceding matrices on adjacent subcarriers or sub-
bands to reduce the feedback of precoding information.
[0008] At the end of this specification, a number of back-
ground art documents are listed.

[0009] In document [6] “3GPP R1-061441, Feedback
Reduction for Rank-1 Pre-coding for E-UTRA Downlink,
Texas Instruments, Shanghai, May 2006 and document [7]
“3GPP R1-061439, Evaluation of Codebook-based Precod-
ing for LTE MIMO Systems, Texas Instruments, Shanghai,
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May 2006, a grouping approach is described where the
feedback of precoding information is reduced by creating
larger groups of adjacent subcarriers and finding a precoding
matrix which is valid on average for this larger group. For
instance, it is recommended in document [6] that a precoding
matrix index for every second OFDM sub-band is sufficient
with only a small degradation in performance compared to
feeding back a precoding matrix index for every OFDM sub-
band. In this way the feedback overhead for the precoding
matrix is halved.

[0010] The same basic approach is taken in document [3]
“J. Choi, R. W. Heath Ir., Interpolation Based Unitary Pre-
coding for Spatial Multiplexing MIMO-OFDM with Limited
Feedback, IEEE Globecom Conference 2004, Dallas, USA,
November 2004, page 214-218)” and document [4] “(J. Chot,
R. W. Heath Jr., Interpolation Based Transmit Beamforming
for MIMO-OFDM with Limited Feedback, IEEE Transac-
tions on Signal Processing, Vol. 53, No. 11, November 2005,
page 4125-4135”. The authors here suggest reporting precod-
ing matrix indices for every L:th OFDM subcarrier, uni-
formly sampled over the whole bandwidth. In the transmitter,
a reconstruction of the intermediate precoding matrix indices
is performed using interpolation.

[0011] Indocument[5]“B.Mondahl,R. W.Heath Jr., Algo-
rithms for Quantized Precoding in MIMO-OFDM Beam-
forming Systems, Proceedings of the SPIE, Volume 5847, pp.
80-87,2005”, an alternative approach is suggested, where the
channel information (precoding matrix information) is quan-
tized in the time domain, instead of the frequency domain,
where the transform decorrelates the channel information.
The idea is to decorrelate the precoding matrix information
before quantization. The performance of this method is
shown to be similar to the grouping proposal in document [4].
[0012] The background art precoding matrix index feed-
back signaling reduction methods all have the disadvantage
that they often feed back information that is not used at a
transmitting end of the system. The background art solutions
for reducing the precoding matrix index feedback overhead
do not take into consideration that some information is more
valuable than other information at the transmitting end.
[0013] There is thus a need for a method that intelligently
chooses which information to feed back so as to further
reduce the amount of precoding matrix index feedback sig-
naling overhead.

SUMMARY

[0014] It is an object of the present invention to provide
methods, a receiving unit and a transmitting unit for reducing
the amount of precoding feedback information at the receiv-
ing and transmitting ends of a communication system.
[0015] In particular, it is an object of present invention to
provide methods, a receiving unit and a transmitting unit that
reduce the amount of matrix index feedback signaling more
than the methods in the prior art.

[0016] It is also an object of present invention to provide
methods, a receiving unit and a transmitting unit that limit the
matrix index feedback signaling to information that will be
useful in the system.

[0017] These objects are achieved by precoding feedback
information reducing methods according to the characteriz-
ing portions of claims 1 and 19.

[0018] These objects are also achieved by precoding feed-
back information reducing receiving and transmitting units
according to the characterizing portions of claims 20 and 22.
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[0019] The methods, receiving unit, and transmitting unit
according to the invention make it possible, at the receiving
end, to effectively decide that which information will be
needed at the transmitting end and then feed back this infor-
mation.

[0020] This is achieved by the methods, the receiving unit,
and the transmitting unit according to the invention since they
do not waste communication resources on signaling informa-
tion regarding sub-bands having poor quality.

[0021] Because of this, the methods, the receiving unit, and
the transmitting unit according to the invention limit the fed
back information to only include information regarding sub-
bands that are probable for being scheduled for transmission.
The amount of feedback information can thereby be reduced.

[0022] The invention presents a solution having a good
tradeoff between throughput and feedback reduction.

[0023] In an embodiment of the present invention, rank
adaptation can be performed, i.e. a number of streams can
also be selected jointly with a subset and a vector of precoding
codebook indices. This can be advantageous for maximizing
throughput of a connection.

[0024] Inanembodiment ofthe present invention, the num-
ber of elements in a precoding codebook indices vector can be
set to a very low value, for instance the value one. This is a
very effective alternative for reducing the feedback signaling.
This embodiment is also advantageous for situations where
the performance of the precoding matrices is highly corre-
lated over the OFDM sub-bands.

[0025] In an embodiment of the present invention, a pre-
coding matrix index can be fed back for a complementary
subset consisting of the sub-bands not selected by the method.
As an alternative, the precoding matrix used for the comple-
mentary subset may be fixed. This has the advantage that very
little information has to be fed back if the scheduler decides to
schedule a sub-band within the complementary subset for
transmission.

[0026] Inanembodimentofthe present invention, a bitmap
is used for identifying selected subsets. The bitmap represen-
tation is an efficient compression method that further reduces
the amount of transmitted feedback information.

[0027] Detailed exemplary embodiments and advantages
of the methods, receiving unit, and transmitting unit for
reducing the amount of matrix index feedback signaling
according to the present invention will now be described with
reference to the appended drawings illustrating some pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows selection of a subset X from a set of all
available sub-bands Q and identifying the subset w using a
bitmap B;

[0029] FIG. 2 shows selection of a subset w from a set of all
available sub-bands Q and then, in (a) and (b) using grouping
approaches for the subset w;

[0030] FIG. 3 shows an example of an SNR plot for pre-
coding matrices and sub-bands in the OFDM sub-band spec-
trum;

[0031] FIG. 4 shows another example of an SNR plot for
precoding matrices and sub-bands in the OFDM sub-band
spectrum,
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[0032] FIG. 5 shows an example of a receiving unit; and

[0033] FIG. 6 shows an example of a transmitting unit.
DETAILED DESCRIPTION

[0034] In a flat fading, non-precoded MIMO system with

N transmitter antennas and N receiver antennas, the input-
output relationship can be described as

y=Hx+n. (€8]

[0035] Inequation (1), x is the N,x1 vector of transmitted
symbols, y,n are the Nx1 vectors of received symbols and
noise respectively and H is the NyxN, matrix of channel
coefficients. The transmitter symbols are thus N,-fold spa-
tially multiplexed over the MIMO channel H or in other
words, N, streams are transmitted in parallel, leading to a
theoretically N,~fold increase in spectral efficiency.

[0036] Linear precoding implies that a N,xNg precoding
matrix W is introduced in (1) to precode the symbols in the
vector X. The column dimension Ny can be selected to be
smaller than N, in which case x is modified to dimension
N x1. Hence, N streams are transmitted in parallel, which is
known as rank adaptation and implies that fewer symbols are
spatially multiplexed over the channel. Rank adaptation is
useful since the symbol error probability is decreased,
although fewer symbols are spatially multiplexed. The input-
output relation for precoded MIMO is thus described as

y=HWx+n 2)

[0037] To select the best precoder matrix W in (2), knowl-
edge about the channel H and the receiver noise statistics is
necessary. Therefore, the selection is preferably made in the
receiver since this information is readily available there. The
selected precoder W is then signaled to the transmitter, which
implements the precoding according to the receiver prefer-
ence. To reduce the signaling burden between the receiver and
the transmitter, it is commonly assumed that the precoding
matrix W belongs to a fixed set of precoding matrices, known
as the precoding codebook. If the codebook has N elements,
N=[ log,(N)] bits are needed to indicate an element in the
codebook and thus only the precoding matrix index (PMI)
needs to be signaled from the receiver to the transmitter.
[0038] Orthogonal Frequency Division Multiplexing
(OFDM) combined with MIMO enables an extension of the
MIMO precoding to frequency selective MIMO channels. In
MIMO-OFDM, a broadband channels is converted into mul-
tiple narrowband channels corresponding to OFDM subcar-
riers. Each narrowband channel can assumed to be flat fading.
Using OFDM, equations (1) and (2) are thus valid for each
such narrowband channel.

[0039] Furthermore, equal size groups of adjacent OFDM
subcarriers are formed to obtain OFDM sub-bands. A com-
mon value, used in 3GPP E-UTRA, is 25 adjacent OFDM
subcarriers which form an OFDM sub-band. Hence, the total
bandwidth is divided into K sub-bands. The width of each
sub-band is chosen so that the channel is approximately flat
fading within each sub-band. This implies that the same best
precoding matrix W in (2) is approximately valid for all
subcarriers within a sub-band. Hence, the minimum neces-
sary granularity in the PMI feedback is one sub-band and it is
only necessary to feed back one PMI per sub-band.

[0040] In OFDM systems, frequency selective scheduling
is performed. Since the channel quality, such as signal to
interference ratio, varies over the transmission bandwidth,
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frequency selective scheduling and multi-user scheduling are
applied, e.g. in systems such as E-UTRA and IEEE 802.16.

[0041] To realize frequency selective scheduling, a receiver
indicates, on a feedback channel, which Q sub-bands in the K
OFDM sub-bands are more applicable to receive data, and
also indicates the quality indicators for these Q sub-bands. A
natural choice for the receiver is to indicate the Q sub-bands
which have the highest signal to interference ratio among the
K OFDM sub-bands. This is shown in background art docu-
ment [1]“3GPPR1-061246, Unified uplink CQI signalling by
efficient labeling, Huawei, Shanghai, May 2006”.

[0042] Background art document [2] “PCT/CN/2006/
0004, Method for sub-band indicator signaling, Huawei,
Patent application, March 2006 further shows an efficient
method to signal the subset of Q sub-bands out of K available
sub-bands.

[0043] Inthe present invention, an approach is taken which
combines the physical layer behavior of precoding with the
actions of the scheduling layer. Hence, a cross-layer approach
is taken.

[0044] The inventors of the present invention have made an
observation that a user will not be scheduled on its OFDM
sub-bands where its channel quality is poor due to, e.g.,
competition from other users.

[0045] The inventors of the present invention have further
discovered that precoding matrix indices for the OFDM sub-
bands with the highest channel qualities are correlated. This
means that a precoding matrix that works well for one sub-
band having high quality is likely to also work well for
another sub-band having high quality. The inventors have
then realized that this discovery could be used for reducing
the number of precoding matrices used.

[0046] Therefore, there is no gain in feeding back precod-
ing matrix information for all OFDM sub-bands, since this
information will not be used by the transmitter, unless all
sub-bands are scheduled to the user in which case no fre-
quency scheduling gain is obtained.

[0047] Hence, the present invention differs from back-
ground art documents [3], [4], [5], [6] and [7] in that no
attempt to fully describe the precoding matrix index for the
whole bandwidth is made. Instead, the invention describes
only the precoding matrix indices for those OFDM sub-bands
where transmission is likely to take place due to high channel
quality.

[0048] The bands the receiver desires to be scheduled on
could efficiently be signaled using the labeling technique of
document [1], and the precoding matrix indicator signaling
could preferably coincide with the signaling of the channel
quality information.

[0049] The OFDM bandwidth can be divided into sub-
bands of equal frequency bandwidth among which K are
allowed and available for scheduling. This set of K sub-bands
is denoted Q. A receiver decides to generate a precoding
matrix index report for a smaller subset w consisting of K'out
of the total K sub-bands in €.

[0050] A label that uniquely defines the set w may be gen-
erated using a bitmap B. This is shown in FIG. 1, wherein the
bandwidth is divided into K (K=12) frequency sub-bands. K'
(K'=4) sub-bands are selected and may be labeled by the
bitmap mask B. An efficient bitmap compression method may
also be used, see documents [1] and [2].

[0051] The precoding matrix index report can now be gen-
erated for the subset m of OFDM sub-bands. This is shown in
FIG. 2, wherein an efficient compression of precoding infor-
mation using the subset ® of K' (K'=4) sub-bands is per-
formed. The precoding matrix information in m can be further
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compressed by using for example a grouping approach (a) or
a single precoding matrix index for the whole subset w as
shown in example (b).

[0052] According to the present invention, for selection of
the subset w of K' sub-bands an optimization criterion is used

{I1, w} = argrr}axf(ﬁ, o, NS) €)

L&

where I1 is a vector containing the precoding matrix indices
for the corresponding sub-bands in the vector w, which ele-
ments are selected from Q, constituting the full set of allowed
frequency sub-bands. Furthermore, N is the rank of the trans-
mission, i.e. the number of transmitted streams. The function
f is a scalar metric that maps multiple stream and multiple
sub-band measures into a single real number.

[0053] In an embodiment of the present invention, the K'
best bands are found, which maximize the metric f as in
equation (3), where each band is using its best preceding
matrix index and where K' is a given number. In this embodi-
ment, [T contains a number of elements P that can be up to the
number of selected sub-bands K'. There can thus in this
embodiment different precoding matrix indices be chosen for
every one of the K' sub-bands selected for w. Up to P (P=K")
precoding matrix indices and a set of K' sub-bands in the
vector m are jointly found which solves equation (3) in this
embodiment.

[0054] In an alternative embodiment, to further reduce the
feedback, the vector IT of preceding matrix indices is chosen
to have fewer elements than the corresponding sub-band vec-
tor w. An example is to group the sub-bands in the vector ®
and report one precoding matrix index for each group of
sub-bands. Hence a grouping method similar to the one in
background art document [ 6] is used although here the group-
ing is performed on the selected sub-bands w and not on the
whole set of sub-bands €. In this embodiment, IT contains a
number of elements P that is less than the number of selected
sub-bands K'. Up to a number P<K' precoding matrix indices
and a set of K' sub-bands in the vector w are jointly found
which solve equation (3) in this embodiment. See example (a)
in FIG. 2, where P is set to two, i.e., P=2.

[0055] In an alternative embodiment of the present inven-
tion, the vector IT of precoding matrix indices has a single
element. In this embodiment, IT contains a number of ele-
ments P being equal to one. Hence, a single precoding matrix
index and a set of K' sub-bands in the vector w are jointly
found which solves equation (3). See example (b) in FIG. 2.
[0056] FIG. 3 shows an example of a Signal to Noise Ratio
(SNR) plot for precoding matrices and sub-bands in the
OFDM sub-band spectrum. The plot in FIG. 3 will hereafter
beused for illustrating how combinations of precoding matrix
index and sub-bands can be jointly selected according to the
present invention.

[0057] In a first example according to the invention with
reference to FIG. 3, the number of elements P in IT is set to
one, i.e., P=1, and the number of sub-bands to be selected K'
is set to four, i.e., K'=4. The method according to the present
invention then searches through all possible combinations of
indices and sub-bands, in this particular case searches for the
one matrix that gives best transmission quality when being
used for four sub-bands, and for which set of four sub-bands
this matrix is to be used. Here matrix 3 and sub-bands 4, 5, 6
and 12 are selected.

[0058] Inasecond example according to the present inven-
tion with reference to FIG. 3, P and K' are set to, i.e., P=2 and
K'=4. The selection in this example differs from the selection
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in the previous example in that sub-band 7 and matrix 1 will
be chosen instead of sub-band 12. This is appropriate since
two matrix indices can be selected and matrix 1 has higher
SNR in sub-band 7 than matrix 3 has in sub-band 12.

[0059] Background art methods for reducing precoding
matrix index signaling have had solutions that send precoding
matrix indices for a fixed subset of sub-bands, for example
every second sub-band. This could have the effect thata lot of
the precoding matrix index signaling is made for sub-bands
having such a bad quality that they should not be scheduled by
the scheduler. The background art methods are therefore sub-
optimal.

[0060] IntheexampleinFIG. 3, ifabackground art method
using every second sub-band could, for example, using a fixed
subset of sub-bands 1, 3, 5, 7, 9, and 11, the background art
method would then have chosen the best possible precoding
matrix for each of these sub-bands and would have conveyed
precoding matrix index signaling for the precoding matrixes
found in each sub-band. Sub-bands 1, 3 and 11 have, as can be
seen in FIG. 3, very bad SNR for all matrixes, especially
sub-band 3, and would probably not be scheduled anyway.
The signaling regarding these sub-bands in the background
art solutions would therefore be a waste of communications
resources.

[0061] When precoding matrix indices and a set of K' sub-
bands are selected according to the present invention, that is
by using equation (3) for jointly finding precoding matrix
indices and a set of K' sub-bands given the number of avail-
able precoding matrix indices and the number K', the best
possible combinations of sub-bands and precoding matrix
indices to use on these sub-bands are selected.

[0062] This equation (3) goes through all possible combi-
nations of available sub-bands and precoding matrix indices
and selects the combinations that maximize function f. Func-
tion f gives a measure of transmission quality. Equation (3)
thus selects the combinations that result in the highest pos-
sible transmission qualities. Equation (3) therefore also
selects combinations that are probable to be scheduled by a
scheduler. Function f will be further described below.
[0063] FIG. 4 shows another SNR (Signal to Noise Ratio)
plot for precoding matrices and sub-bands in the OFDM
sub-band spectrum. As can be seen in FIG. 4, sometimes
some of the precoding matrices are generally better than the
others. In a situation like this, the embodiment of the present
invention in which the vector IT of precoding matrix indices
has a single element, P=1, can be especially advantageous.
Since one particular precoding matrix is the best matrix over
more or less the whole bandwidth, the method according to
the present invention, where P=1, is then more or less simpli-
fied to a choice of sub-bands.

[0064] The selection of sub-bands and precoding matrices
can also be extended to rank adaptation, where the rank, i.e.
the number of streams N is selected as

{I1, w, Ns} = arg max f(f[, o, NS) “
Lo

[0065] When equation (4) is used, precoding matrix indi-
ces, a set of K' sub-bands in the vector o and number of
streams Ns are jointly found which solve equation (4). This
can, in the same way as for equation (3), be done for different
numbers P of elements in IT. When equation (4) is used, rank
adaptation decisions are made in the receiving end. This can
be advantageous regarding the possibilities of maximizing
throughput for a connection. When equation (3) is used, Ns is
set at the BTS/Node B.
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[0066] The metric function f in equations (3) and (4) above
is a function of the sub-bands in the vector w, its correspond-
ing length K' and the precoding matrix index/indices in IT. It
can be implemented in various ways. One embodiment is to
use the effective exponential SIR mapping (EESM) in docu-
ment “[8] (B3GPP R1-031304, System-level evaluation of
OFDM—initial evaluation, Ericsson, Nov. 17-21, 2003)” for
each stream, assuming a certain set of sub-bands w and a
vector of PMI or a single PMI used for all sub-bands in w, and
then use the following expression for f:

F (Lo, Ng)=min(EESM,(TLo,Ng), A, EESMy(ILw,N)) ®

where N is the number of streams and EESM_(I1,m,Ny) is the
EESM for stream s assuming N streams and the use of
precoder matrices with indices in the vector IT and the sub-
bands w. The EESM is also a function of the channel matrix
H and covariance matrix of the interference, but it has been
omitted in the notation in here for clarity.

[0067] Another alternative is to map the EESM to mutual
information for each stream assuming a certain set of sub-
bands m and a vector of PMI, or a single PMI, and then sum
the throughputs or mutual information for each stream and
sub-band to obtain the scalar output of the of the metric
function f as

Ng ©)
FIL @, N5) = " logy (1 + EESM(T, @, Ns))

s=1

[0068] Another alternative is to consider f to reflect the
expected sum throughput at a given block error rate (BLER)

Ns, (@)
P @, N) = " gprr(EESM(IL w, Ny))

s=1

Where gz, (%) is a function which maps EESM values to a
corresponding largest possible code block size (number of
information bits) which gives BLER less than a prescribed
desired value. Hence, equation (7) gives the sum of the code
block sizes for each stream and this number is proportional to
the expected throughput.

[0069] The approaches in equations (5), (6) and (7) assume
multiple code words, where each stream transmits a sepa-
rately encoded block of information. Another alternative is to
use a single (larger) codeword, which is interleaved and
mapped over all streams, in which case as single EESM value
is obtained for the whole codeword

FOMLoN)=EESM, | n{ILo,N) ®)

[0070] As is understood by a person skilled in the art, this
metric function f can be calculated in a number of ways.
There are a number of different definitions for transmission
quality and also a number of different ways to estimate trans-
mission quality. Equations (5) and (8) give an SNR measure,
equation (6) gives a capacity measure and equation (7) gives
a measure of realistic throughput. These are all different
measures of transmission quality, but there are also a number
of other measures of transmission quality known in the field
of communications. Equations (5)-(8) above are thus to be
seen as four examples out of a number of possible ways to
perform this estimation. The scope of the present invention is
not limited to equations (5)-(8) above.

[0071] In an embodiment, the receiver can feed back a
precoding matrix index for the complementary set o of sub-
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bands in addition to the precoding matrix index/indices for
the subset w, where @Yw=Q. If the scheduler decides to
transmit using sub-bands in the subset w it can utilize the
precoding matrix index for the complementary set of sub-
bands.

[0072] Alternatively, the precoding matrix for the sub-
bands in  could be fixed. Then no signaling is required for
precoding matrix indication of these sub-bands. Specifically,
the fixed precoding matrix in this case could be the identity
matrix, or if the precoding matrix is not square, it could be
selected columns from an identity matrix.

[0073] In all the above described embodiments the com-
pression of precoding matrix index information in the subset
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[0078] The method according to the invention is imple-
mented in a receiving unit and/or in a transmitting unit, such
as a mobile station/UE or a BTS/Node B, performed in soft-
ware. An example of the receiving unit is shown in FIG. 5, and
an example of the transmitting unit is shown in FIG. 6. Pref-
erably, a DSP (Digital Signal Processor) or any other equiva-
lent processor is used for executing the different steps of the
method.

[0079] In Table 1, a comparison of the required feedback
for the present invention is made to full feedback and to the
feedback in background art using groups of size L. OFDM
sub-bands. The last two rows in Table 1 show required feed-
back for the present invention.

TABLE 1

Comparison of the required signaling overhead to feed back precoding matrix index.

N is the number of bits needed to indicate an element in the codebook.

Number of
Feedback Bits Example with
to Signal K=24,K =4,
Feedback Precoding Number of N=3,L=2(as
Compression Matrix Feedback Bits suggested in
Technique Information to Signal Label Total Feedback document[6])
None (full) K-N 0 KN 72 bit
Grouping of L sub-bands, K-N 0 K-N 36 bit
as in documents = =
6171314151
Selected sub-bands KN K K 26 bit
ithP=K' 1 1 +K'-N
Selected sub-bands N K 17 bit
with a single {logz[ K ﬂ {logz[ K ] +N

precoding matrix
index, P =1.
(Example (b) in FIG. 2.)

 can be made with arbitrary compression method, such as
average run-length coding or any other compression method
known in the art.

[0074] The sub-bands in w can also be further divided into
multiple sub-sub-bands where each sub-sub-band has a cer-
tain unique precoding matrix index. The latter approach also
requires a label to point out how the division of w into sub-
sub-bands is made.

[0075] In an embodiment, the transmitting end is a BTS/
Node B and the receiving end is a mobile station/UE. In this
embodiment, the mobile station/UE conveys precoding vec-
tor II, subset ® and possibly number of streams Ns to the
BTS/Node B. BTS/Node B here regards this conveyed infor-
mation as a recommendation, but do not have to follow this
recommendation strictly. In this embodiment K' may be setby
the BTS/Node B, and may also be set by the mobile station/
UE.

[0076] Inan embodiment, the transmitting end is a mobile
station/UE and the receiving end is a BTS/node B. In this
embodiment, BTS/node B conveys a scheduling grant con-
taining precoding vector I1, subset m and possibly number of
streams Ns to the mobile station/UE. Mobile station/UE here
strictly has to follow the conveyed information.

[0077] Inanembodiment, the number of elements Pin ITis
set in the system standard and the value of P can possibly be
set based on varying kinds of data, such as system bandwidth,
communication statistics or the like.

[0080] A computer simulation was also carried out to com-
pare the performance of using the full feedback and the feed-
back of selected bands with a single precoding matrix index
(example (b) in FIG. 3).

[0081] The results can be seen in Table 2. The throughput
loss is within a few percent while the feedback is reduced by
approximately one third which demonstrates that the precod-
ing matrix index compression in the invention is very effi-
cient.

TABLE 2

Simulation example. The throughput and feedback load is compared
between full feedback and present invention. A 5 MHz bandwidth
OFDM system in a TU (Typical Urban) channel with a single user

was simulated with a codebook size of 8 element

MIMO
config- Throughput Feedback load
uration K X Full Invention  Full  Invention
4x2 12 3 2.14 Mb/s 2.10 Mb/s 36 bit 11 bit
2x2 12 6 3.39 Mb/s 3.33 Mb/s 36 bit 13 bit
[0082] The method, the receiving unit and the transmitting

unit for reducing an amount of precoding feedback informa-



US 2009/0147880 Al

tion according to the invention may be modified by those
skilled in the art, as compared to the exemplary embodiments
described above.

[0083] As isobvious for a skilled person, a number of other
implementations, modifications, variations and/or additions
can be made to the above described exemplary embodiments.
Itis to be understood that the invention includes all such other
implementations, modifications, variations and/or additions
provided that they fall within the scope of the claims.
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What is claimed is:
1. A method for reducing an amount of precoding feedback
information in a multi-carrier Multiple-Input Multiple-Out-
put MIMO) communication system, characterized by com-
prising:
carrying, at areceiving end of the system, informationon a
number of streams Ns using multiple sub-carriers being
grouped together into a set Q of K allowed sub-bands
(my, ..., ng),

jointly selecting, while considering transmission quality
for each relevant combination of sub-bands and matri-
ces, a limited number of P codebook indices and a lim-
ited number of K' sub-bands to be included in a subset w
(my, ..., mg) of the set Q, wherein K' is set to a value
K'<K and P is set to a value P=K', and

conveying the P codebook indices and information identi-

fying the subset w to the transmitting end.

2. The method according to claim 1, wherein the P code-
book indices are included in a vector II.

3. The method according to claim 2, wherein the selections
of' codebook indices and corresponding sub-bands to be used
for the subset w are performed such that a transmission qual-
ity function is maximized.
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4. The method according to claim 3, wherein the subset @
(my, . .., mg) and the P codebook indices in vector IT fulfill:

{I1, w} = argmaxf(ﬁ, &, NS), wherein
195

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

f is a scalar transmission quality function that takes the
quality of transmission over multiple stream and mul-
tiple sub-band measures into consideration,

K' is a given number defining the number of sub-bands for
which codebook indices are to be conveyed, K'<K, and

N, is a given number of streams.

5. The method according to claim 2, wherein codebook
indices, sub-bands to be used for the subset m and a number of
streams are jointly selected with respect to a transmission
quality function.

6. The method according to claim 5, wherein codebook
indices and sub-bands to be used for the subset w and a
number of streams Ns are jointly selected such that the trans-
mission quality function is maximized.

7. The method as claimed claim 6, wherein the subset ®
(m,, ..., mg), the P codebook indices in vector II and the
number of streams Ns fulfill:

{1, w, Ng} = arg max f([L, &, Ns),
MaNg

wherein

I1 is a vector wcontaining P precoding matrix indices cor-
responding to the sub-bands or groups of sub-bands in
the subset of sub-bands w,

f is a scalar transmission quality function that takes the
quality of transmission over multiple stream and mul-
tiple sub-band measures into consideration,

K' is a given number defining the number of sub-bands for
which codebook indices are to be conveyed, K'<K, and

N, is a number of streams.

8. The method according to claim 4, wherein the function
f is defined as:

F (Lo, Ng)=min(EESM , (TLo,Ny), A, EESMy (TLo,
N)), wherein

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

Ns is a number of streams, and

EESM is an effective exponential SIR mapping function.

9. The method according to claim 4, wherein the function
f is defined as:

Ns
F(IL, w, Ng) = Z log, (1 + EESM,(TL, w, Ns)),

s=1
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wherein
I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,
Ns is a number of streams, and
EESM is an effective exponential SIR mapping function.
10. The method according to claim 4, wherein the function
f is defined as:

Ns
FUL @, Ns) = ) garsr(EESM(TI, o, Ny)),

s=1

wherein
I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,
N, is a number of streams,
EESM is an effective exponential SIR mapping function,
and
g5 r(X) 1s a function which maps EESM values to a cor-
responding largest possible code block size (number of
information bits) which gives BLER less than a pre-
scribed desired value.
11. The method according to claim 4, wherein the function
f is defined as:

F(ILw,Ns)=EESM, ~g(ILo,Ns), wherein

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

N, is a number of streams, and

EESM is an effective exponential SIR mapping function.

12. The method according to claim 1, wherein the trans-
mitting end is a BTS/Node B and the receiving end is amobile
station/UE, or

the transmitting end is a mobile station/UE and the receiv-
ing end is a BTS/node B.

13. The method according to claim 12, if the transmitting
end is a BTS/Node B and the receiving end is a mobile
station/UE,

wherein the number of sub-bands K' for which codebook
indices are to be conveyed is set by one of (1) a BTS/
Node B and (2) a mobile station/UE.

14. The method according to claim 1, wherein the number

of codebook indices P is one, P=1, or

the number of codebook indices P is set to a predetermined
value, preferably given in a system standard.

15. The method according to claim 1, wherein a precoding
matrix index for a complementary set w is conveyed to the
transmitted end in addition to the P precoding matrix indices
for the subset w, wherein @Yw=£ and Q is the total set of
allowed sub-bands.

16. The method according to claim 1, wherein a precoding
matrix index for a complementary set  is fixed, wherein
wYw=Q and Q is the total set of allowed sub-bands.

17. The method according to claim 16, wherein the fixed
precoding matrix includes one of (1) an identity matrix and
(2) selected columns from an identity matrix.

18. The method according to claim 1, wherein the infor-
mation identifying the subset is included in a bitmap repre-
sentation.

19. A method for reducing an amount of precoding feed-
back information in a multi-carrier Multiple-Input Multiple-
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Output (MIMO) communication system, wherein informa-
tion is carried on a number of streams Ns using multiple
sub-carriers being grouped together into a set 2 of K allowed
sub-bands (n,, . . . , 1), characterized by comprising:
selecting, ata transmitting end, a suitable precoding matrix
to be used from a precoding codebook based on code-
book indices fed back from a receiving end,

receiving information identifying a limited number of K'

sub-bands in a subset w (m,, . . . , Mg of the set €2 and
a limited number of P codebook indices to be used for
the K' sub-bands in the subset w, the information and the
vector being jointly selected, while considering trans-
mission quality for each relevant combination of sub-
bands and matrices, and being fed back from the receiv-
ing end, and

transmitting on the K' sub-bands using the P codebook

indices.

20. A receiving unit arranged for reducing an amount of
precoding feedback information in a multi-carrier Multiple-
Input Multiple-Output (MIMO) communication system, the
system being arranged for carrying information on a number
of streams Ns using multiple sub-carriers being grouped
together into a set Q of K allowed sub-bands (n,, . . ., ng),

characterized in that the receiving unit comprises:

means forjointly selecting, while considering transmission

quality for each relevant combination of sub-bands and
matrices, a limited number of P codebook indices and a
limited number of K' sub-bands to be included in a
subset w (m, . . ., M) of the set Q, wherein K' is set to
a value K'<K and P is set to a value P=K', and

means for conveying the P codebook indices and informa-

tion identifying the subset w to the transmitting unit.

21. The receiving unit according to claim 20, wherein the
receiving unit one of (1) a mobile station/UE and (2) a BTS/
Node B.

22. A transmitting unit arranged for reducing an amount of
precoding feedback information in a multi-carrier Multiple-
Input Multiple-Output (MIMO) communication system,
wherein information is carried on a number of streams Ns
using multiple sub-carriers being grouped together into a set
Q2 of K allowed sub-bands (n,, . . ., n), the transmission unit
being arranged for selecting a suitable precoding matrix to be
used from a precoding codebook based on codebook indices
fed back from a receiving end of the system,

characterized in that the transmitting unit comprises:

means for receiving information, fed back from the receiv-

ing end, identifying a limited number of K' sub-bands in
a subset o (my, . . ., mg) of the set Q and a limited
number of P codebook indices to be used for the K'
sub-bands in the subset m, wherein K' is set to a value
K'<K and P is set to a value P=K', the information and
the vector being jointly selected, while considering
transmission quality for each relevant combination of
sub-bands and matrices, and being fed back from the
receiving end, and

means for transmitting on the K' sub-bands using the P

codebook indices.

23. The method according to claim 7, wherein the function
f is defined as:

F (Lo, Ng)=min(EESM , (TLo,Ny), A, EESMy (TLo,
N)), wherein

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

Ns is a number of streams, and

EESM is an effective exponential SIR mapping function.
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24. The method according to claim 7, wherein the function
f is defined as:

Ns
S, @, Ng) = ) logy(1 + EESM(L, @, Ny)),

s=1

wherein
I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,
Ns is a number of streams, and
EESM is an effective exponential SIR mapping function.
25. The method according to claim 7, wherein the function
f is defined as:

Ns
FUL, @, Ng) = ) garer(EESM(IT, @, N)),

s=1
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wherein

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

N is a number of streams,

EESM is an effective exponential SIR mapping function,
and

g5 zx(X) 1s a function which maps EESM values to a cor-
responding largest possible code block size (number of
information bits) which gives BLER less than a pre-
scribed desired value.

26. The method according to claim 7, wherein the function
f is defined as:

FILwNg=EESM, ~s(TL0,Ng), wherein

I1 is a vector containing P precoding matrix indices corre-
sponding to the sub-bands or groups of sub-bands in the
subset of sub-bands w,

N is a number of streams, and
EESM is an effective exponential SIR mapping function.
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