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METHOD FOR SIGNALING A PRECODING
IN A COOPERATIVE BEAMFORMING
TRANSMISSION MODE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims, as a continuation, pursuant to 35
USC 120, prionty to, and the benefit of the earlier filing date
of, that patent application entitled “A Method for Signaling a
Precoding in a Cooperative Beamiforming Transmission
Mode,” filed on Oct. 13, 2013 and afforded Ser. No. 14/033,
706, which claimed the benefit of the prionty to, and the
benefit of the earlier filing data of that patent application
entitled “A Method for Signalling a Precoding in a Coopera-
tive Beamforming Transmission Mode,” filed on Oct. 1, 2010
and afforded Ser. No. 12/896,085, now U.S. Pat. No. 8,634,
779, which claimed the benefit of the earlier filing date of that
patent application filed in the European Patent Office on Oct.
5, 2009 and afforded serial number EP 09172194.4, the con-

tents of all of which are incorporated by reference, herein.

FIELD OF THE INVENTION

The present invention relates to a method of communica-
tion in a wireless network such as a mobile communication
system.

More specifically, the mmvention relates to a method of
communication using beamiorming.

BACKGROUND OF THE INVENTION

This “Background of the Invention” section 1s intended as
an 1ntroduction to the invention for those skilled in the art. It
was not intended to be and 1s not an admission that anything
contained in this section 1s prior art. This section contains
some information that s prior art and other information that1s
not prior art. Those wishing to determine the state of the prior
art are directed to publications prior to the earliest priority
date of this application such as patents and publications 1den-
tified 1n the accompanying IDS.

In a cellular telecommunication system, a plurality of user
terminals within a cell communicate with a primary station.
With the subsequent generations of cellular systems, the
achievable data rate has been increasing. In advanced systems
such as UMTS (Umversal Mobile Telecommunications Sys-
tem), LTE (Long Term Evolution) and LTE Advanced, multi-
antenna  fransmission/reception  techniques  variously
described as, MIMO (Multiple Input/Multiple Output), pre-
coding or beamiorming are supported for transmissions from
a single cell to a mobile terminal. Thanks to the spatial selec-
tivity of the beamforming mode, such transmission modes
have enabled an important increase of the achievable data rate
and of the range of communication, while maintaining the
average 1nterterence level.

In order to achieve the beamiorming, a transmitting station
having an antenna array applies a set of complex coellicients
(forming a precoding matrix or precoding vector) to a signal
transmitted from 1ts respective antennas, so that the transmis-
s1on stream 1s spatially directed towards a receiving station.
However, reception of such a beamformed transmission may
require the communication of this set of complex coellicients
between the transmitting station and the receiving station. In
implementations of such systems, precoding codebooks are
defined. These precoding codebooks may be viewed as a way
of describing precoding matrix (or precoding vector) of the
channel coetlicients or precoding weights in a compact way,
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2

thereby reducing the amount of required signaling for indi-
cating the precoding. These codebooks also enable the user
terminal (defined 1n LTE as a User Equipment or UE) to report
to the network a preferred precoder for downlink transmis-
s10n, 1n the form of an index to codebook entry. In this case,
the preferred precoder 1s a set of complex coellicients to be
applied to transmit antennas of the base station (defined 1n
LTE as an eNodeB). Similarly, precoding codebooks may
also be used by the base station to signal the precoding used
for a transmission to the user terminal. This enables the user
terminal to dertve an appropriate phase/amplitude reference
from common pilot symbols for demodulation of each down-
link transmission.

In LTE, this signaled codebook index is referred to as PMI
(Precoding Matrix Indicator). The same codebook may be
used on one hand to signal to a user terminal the precoding
vector or matrix which 1s actually applied 1n the downlink by
a base station and on the other hand to feed back the preferred
precoding matrix by the user terminal to enable a phase/
amplitude reference to be dertved. Alternatively, the
reference(s) may be provided by precoded reference symbols
(1.e. dedicated reference symbols).

Recently, 1t has been proposed to use cooperative beam-
forming, 1.¢. beamiorming using antennas from multiple cells
or multiple base station sites (under the description of CoMP
or Co-operative Multi-Point transmission). Such systems are
introduced 1n FIGS. 1 to 3. In such a system, a user terminal
110 within a serving cell 101a communicates 1n normal (1.e.
single cell) mode with a primary station 100aq. In normal
beamiorming mode, the primary station 100a applies a set of
precoding weights to the signal to be transmitted from its
transmit antennas 104aq to create a spatial stream 103aq
directed towards the user terminal 110.

In a cooperative beamforming mode, a second primary
station 1005 1n a neighboring cell 1015 uses some of its
antennas 1046 to transmit 1n a cooperative way the same
signal 1055 as the signal 105a transmitted by the first primary
station 100qa to the user terminal 110. The spatial stream now
comprises two components 105a and 105b. As explained
above, the user terminal 110 needs to feed back a channel
state estimate based on measurements on recerved reference
symbols. This estimate 1n this example 1s an 1indication of a
preferred precoding matrix (or vector if there i1s only one
transmission stream) 1n the form of a codebook index.

As 1llustrated on FIG. 1, 1t may be possible to report a PMI
for each co-operating cell, 1.¢. the user terminal signals trans-
mit an indication of a first preferred precoding matrix 111a
for the serving cell 101q to the first primary station 100aq and
an indication of a second preferred precoding matrix 1115 for
the neighboring cell 1015 to the second primary station 1005.
Thus, the first and second base stations 100a and 10056 may
use different precoding in order to have a fine adjustment of
their respective transmission beams to the user terminal. This
means that the user terminal needs to feed back as many PMIs
as there are cooperating cells. This may represent a great
amount of signaling and overhead.

In order to reduce this signaling, as illustrated on FIG. 2, it
could be possible that the user terminal 110 transmits only
one PMI to the cooperating cells base stations 100a and 1005.
On FIG. 2, the user terminal 110 makes an estimate of the
received transmission channels by means of measurements
on reference symbols, and establishes one PMI 112 which 1s
transmitted to both base stations 100aq and 1005. This means
that the base station 100a and the base station 10056 apply the
same precoding. Thus, the drawback of this 1s a lack of
flexibility. Moreover, in case of more than two cooperating
cells, 1t may be difficult to obtain an efficient beamforming.
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Another approach 1illustrated on FIG. 3, may be described
as SFIN with antenna selection. Here SFN 1s “single frequency

network™, which implies that the same signal 1s transmitted
from more than one cell. The user terminal 110 reports a value
of precoding matrix 113a which 1s to be applied by all the
co-operating cells 101a and 1015. Additionally the user ter-
minal 110 signals 1 a further signaling message 1135
whether particular antennas should be switched off. This
means that the remaining antennas are “selected”. In a typical
implementation of this technique for the case of four transmut
antennas per cell, up to one antenna may be switched off per
cell. The user terminal then needs to search the possible
combinations of PMI and antenna selection for the one which
will give the highest data rate.

This permits some more flexibility 1n the adjustment of the
precoding. However, the antenna selection feedback needs
some data. For instance, 1n the above example, the antenna
selection for one cell needs at least three bits (four different
antenna values and the case where no antenna 1s switched
off). This means that this causes overhead and still a signifi-
cant amount of signaling. Moreover, this may lead for some
base stations to a potential power imbalance between the
different antennas. This may thus reduce the total available
power to that provided by the remaining on antennas, and this
would affect the achievable transmit data rate.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to propose a method for
operating a telecommunication system which alleviates the
above described problems.

It 1s another object of the invention to propose a method for
operating a secondary station which proposes a good tradeoif
between amount of signaling and flexibility of the precoding.

To this end, 1n accordance with an aspect of the mvention,
a method 1s proposed for operating a secondary station 1n a
network, the secondary station comprising a transceiver
adapted for simultaneously receiving transmissions from a
primary station controlling a first cell and at least one primary
station controlling a second cell, the method comprising the
secondary station:

(a) selecting a first precoding matrix for the first cell out a
primary set of precoding matrices for the first cell,

(b) selecting, 1n dependence on the first precoding matrix in
accordance with a precoding scheme, a subset out of a sec-
ondary set of precoding matrices for the second cell, the
subset consisting ol at least one precoding matrix for the
second cell,

(¢) selecting a second precoding matrix for the at least one
second cell out of the selected subset of precoding matrices
for the second cell, and

(d) transmitting a first indicator representative of the first
precoding matrix.

In accordance with a second aspect of the mvention, 1t 1s
proposed a secondary station comprising;:

a transceiver adapted for simultaneously receiving trans-
missions from a primary station controlling a first cell and at
least one second primary station controlling a second cell,

control means:

for selecting a first precoding matrix for the first cell out a
primary set of precoding matrices for the first cell,

for selecting a subset of precoding matrices for the second
cell in dependence on the first precoding matrix out of a set of
subsets of precoding matrices for the second cell, and

for selecting a second precoding matrix for the second cell
out of the subset of precoding matrices for the second cell, the
transceiver being arranged for transmitting a first indicator
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4

representative of the first precoding matrix and a second
indicator representative of the second precoding matrix.

As a consequence, the secondary station may signal a
single first precoding matrix indicator and keep a certain
amount of flexibility 1n the choice of precoding for the second
precoding matrix. It 1s also possible for the secondary station
to signal information upon the second precoding matrix by
means ol a second indicator representative of the second
precoding matrix. But since the choice of precoding for the
second precoding matrix 1s limited to a subset, the amount of
data required for the second indicator 1s reduced.

Moreover, 1n an embodiment of the invention, the second
precoding matrix represented by the second mdicator 1s based
on the value of the first indicator, so that the amount of data
used for transmitting the second indicator 1s less than the
amount of data used for transmitting the first indicator.
Indeed, the values of the second precoding matrix are limited
in accordance with the value of the first precoding matrix.
This thus enables the use of a small or reduced second indi-
cator 1n terms of data bits, because the possible values of the
second indicator 1s limited to a subset of values. This permits
flexibility without requiring too much additional signaling 1n
terms of data bits.

In accordance with this aspect of the invention, at step (b),
the subset of precoding matrices 1s selected 1n accordance
with a precoding scheme. Thus, 1t 1s possible to firstly select
a precoding scheme convenient for the particular conditions
and topology of the network (e.g. whether the cells are served
by a single primary station or by different primary station, or
whether the signals from the two cells are identical or not),
signal the selected precoding scheme beforehand, and then
apply this precoding scheme according to which a value of
first precoding matrix for the first cell leads to a restricted
subset of second precoding matrices for the second cell. Thus,
even 11 the flexibility is restricted to a subset of values for the
second precoding matrix, this ensures though that the
restricted values are suitable for the situation experienced by
the secondary station.

In accordance with a variation of the above variant of the
first embodiment, the selected precoding scheme 1s generated
by the secondary station on the basis of statistics recorded by
the secondary station on combinations of a precoding matrix
selected from a codebook for the first cell and a precoding
matrix selected from a codebook for the second cell. Such a
precoding scheme 1s thus adapted and suitable for the situa-
tion experienced by the secondary station. It ensures that the
limited flexibility avoids restricting the secondary station to
unsuitable precoding matrix values.

The present invention also relates to a method for operating

a secondary station in a network, the secondary station com-
prising a transceiver adapted for simultaneously recerving
transmissions from a primary station controlling a first cell
and at least one primary station controlling a second cell, the
method comprising the secondary station signaling a first
precoding matrix indicator representative of a first precoding,
matrix for the first cell and a second precoding matrix indi-
cator representative of a second precoding matrix for the
second cell, wherein the amount of data used for the second
indicator 1s less than the amount of data used of the first
indicator.
In accordance with a third aspect of the invention, a method
1s proposed for operating a primary station 1n a network, the
primary station being arranged for operating a first cell, the
primary station comprising a first transcerver adapted for
transmitting transmissions 1n cooperation with at least a
transcerver of primary station dedicated to a second cell, the
method comprising the primary station:
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(a) selecting a first precoding matrix for the first cell out of
a primary set of precoding matrices for the first cell,

(b) selecting, 1n dependence on the first precoding matrix in
accordance with a precoding scheme, a subset out of a sec-
ondary set of precoding matrices for the second cell, the
subset consisting of at least one precoding matrix for the
second cell,

(¢) selecting a second precoding matrix for the at least one
second cell out of the selected subset of precoding matrices
for the second cell, and

(d) transmitting a first indicator representative of the first
precoding matrix to the secondary station.

In accordance with a fourth aspect of the invention, 1t 1s
proposed a primary station comprising a transcerver for oper-
ating a first cell, said transceiver being adapted for transmiut-
ting transmissions in cooperation with at least a transceiver of
primary station dedicated to a second cell, the primary station
being arranged:

for selecting a first precoding matrix for the first cell out a
primary set of precoding matrices for the first cell,

for selecting a subset of at least one precoding matrix for
the at least one second cell 1n dependence on the first precod-
ing matrix, out of a set of subsets ol precoding matrices for the
second cell,

for selecting a second precoding matrix for the at least one
second cell out of the selected subset of precoding matrices
for the second cell, and

the transceiver of the primary station being arranged for
transmitting a first indicator representative of the first precod-
ing matrix to the secondary station.

These and other aspects of the invention will be apparent
from and will be elucidated with reference to the embodi-
ments described hereinaftter.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described 1n more detail,
by way of example, with reference to the accompanying
drawings, wherein:

FIGS. 1-3; already described, are block diagrams of archi-
tectures that have been discussed in 3GPP.

FIG. 4 1s a block diagram of a communication system in
accordance with a first embodiment of the invention.

FIG. 5 1s a schematically representation of the precoding
scheme used 1n the first embodiment.

FIG. 6 1s a block diagram of a communication system in
accordance with a second embodiment of the mvention.

FIG. 7 1s a block diagram of a communication system in
accordance with another variant of the second embodiment.

FIG. 8 1s a block diagram of a communication system in
accordance with still another variant of the second embodi-
ment.

FIG. 9 1s a flowchart representing a method of operating a
system 1n accordance with a third embodiment of the inven-
tion.

FI1G. 10 1s a flowchart representing a method of designing
a precoding scheme in accordance with the first embodiment
ol the invention.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a telecommunication system com-
prising a plurality of cells, each cell being controlled by a
primary station, said primary station being able to communi-
cate with secondary stations that are within the cell. Such a
system will be detailed with reference to the system depicted

on Fl1G. 4.
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As shown on FIG. 4, a secondary station 410 contained 1n
cell 401a communicates with a primary station 400q. In an
exemplary embodiment of the invention, such a telecommu-
nication system operates under the UMTS specifications or
LTE specifications. Accordingly, the primary station 400q

may be an eNodeB and the secondary station 410 1s a User
Equipment (UE). A second cell 4015 neighboring cell 401a 1s

represented on FIG. 4. This cell 4015 1s controlled by a
primary station 4005. On FIG. 4, the primary stations 400a
and 4006 are represented as two diflerent primary stations,
however, 1t should be noted that 1t 1s possible that a single
primary station may control a plurality of cells (usually three
in current networks).

For the sake of clarity only one secondary station 1s repre-
sented, however, a plurality of secondary stations may be
within a cell.

Each primary station 400a and 4005 comprises an antenna
array 404a and 4045 respectively having a plurality of anten-
nas, in this example four antennas per cell. In accordance with
a cooperative beamforming mode, the secondary station 410
may receive signals from its cell primary station 400a and
from neighboring cells primary stations, in this example from
primary station 4005. The primary stations 400a and 40056
transmit to the secondary station 410 by using each set of
respective precoding coelficients using a respective data
stream 4002a and 400256 and respective sets of reference
symbols 4001a and 40015. In this cooperative beamforming,
mode, the data streams are 1dentical. Therefore the two data
streams 4002q and 40025 can be considered as a single joint
transmission. In another cooperative beamiorming mode the
data streams may be different. The reference symbols 4001a
and 40015 may be used by the secondary station 410 for
decoding efficiently the data streams 4002aq and 40025. On
the basis of these reference symbols 4001a and 40015, or on
other reference symbols embedded 1n the downlink channels
transmitted by the primary stations 400a and 4005, the sec-
ondary station 410 estimates channel coelficients 1n order to
establish a preferred precoding matrix for the respective cells.

In accordance with a first embodiment of the invention, the
secondary station 410, based on the estimation of the channel
coellicients, chooses a first preferred precoding matrix in a
primary codebook for the cell 401a. The secondary station
410 uses the primary codebook to extract an index that may
then be signaled to the first cell 401a by means of a signaling
message 411a.

Furthermore, the secondary station may choose in this first
embodiment a preferred precoding matrix for the second cell
4015 out of a secondary precoding codebook. This secondary
precoding codebook 1s a limited codebook 1n the sense that 1t
contains a subset of precoding matrices, namely a limited
number of precoding matrices (e.g. 1, 2, or more but less than
the total number of the conventional set of available precod-
ing matrices for a conventional secondary codebook). This
secondary codebook depends on the value of the preferred
precoding matrix for the first cell 401a, or on the value of the
index to be signaled in the signaling message 411a. The
signaling messages may be signaled on an uplink control
channel like PUSCH or PUCCH in LTE.

I1 the number of entries contained in the secondary code-
book 1s more than one, an mdex to the secondary codebook
entry 1s signaled 1n a signaling message 4115. However, 1t 1s
to be noted that 1n vanation of this embodiment this second
cell precoding matrix 1s uniquely determined by the first cell
precoding matrix and does not need to be signaled (e.g. 1t may
have the same value). In this first embodiment of the mnven-
tion, the signaling messages 411a and 4115 are signaled
respectively to primary stations 400aq and 4005. However, in
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a variant of this embodiment, both signaling messages 411a
and 4115 are signaled to at least one of primary stations 400a
and 4005, ¢.g. the primary station of the serving cell; hence
primary station 400aq. Then, the primary station 400a may
retransmit the signaling message to the second primary sta-
tion 4005, or compute the precoding coellicients for the two
primary stations, and forward the precoding coetlicients to
the primary station 4005. In addition, the computed precod-
ing coellicients or information about the coefficients may be
torwarded to the secondary station. This could be in the form
of explicit signaling or by means of precoded reference sym-
bols.

This embodiment of the invention addresses some prob-
lems of the prior art, which are the number of bits to send
multiple precoding matrix indexes (1.e. signaling overhead) in
the messages from the secondary station 410 to the network,
1.€. to the primary station 400a and/or 4005, and the compu-
tational complexity at the secondary station of searching all
possible combinations of precoding matrix index for each cell
for the highest bit rate, or the computational complexity of
searching a single large codebook covering all the cooperat-
ing cells.

It also aims to offer more flexibility 1n choice of codebook
entries and potentially better performance with reasonable
computational complexity and signaling overhead, in com-
parison with systems like the one illustrated on FIG. 2.

This first embodiment of the mvention 1s based on the
recognition that the radio channels from different access
points/cells to a given secondary station are likely to have
some properties which are correlated. These correlated prop-
erties are established by means of precoding scheme giving
the correspondence between the values of the primary code-
book and the subsets of precoding matrices of the secondary
codebook. In order that the primary stations of the cells 401a
and 40156 know the correspondence between the primary
codebook and the secondary codebook, the secondary station
signals beforehand a correspondence matrix by means of the
signaling message 411c. Alternatively, a precoding scheme
can be pre-established and known 1n advance from both the
primary station and the secondary station. In a preferred
example of this first embodiment, the signaling message 411c¢
1s a higher layer signaling message so that 1t does not affect
the physical layer uplink signaling resources. Moreover, this
precoding scheme may not need to be updated too often, only
if the secondary station has moved so much that the whole
topology of the network has completely changed (from the
viewpoint of the secondary station).

In FIG. 5 1s illustrated schematically the correspondence
between the primary and secondary codebooks. In this pre-
coding scheme, the primary codebook values 51 are linked to
subsets of three values 52 of the secondary codebook. In this
example, the number of possible values 1n the subset 1s con-
stant, however, this may not always be the case and some
primary codebook values 51 may be linked to smaller subsets
ol secondary codebook values 52.

Moreover, FIG. 5 shows the index that will be signaled 1n
signaling messages 411a and 4115. The indexes 511 for the
primary codebook 51 are in this example a complete PMI,
which can be represented with three bits for the codebook size
shown 1n F1G. 5. Then, for signaling the secondary codebook
index, a smaller codeword 521 (here two bits since the subset
of precoding matrices can have three values) 1s needed to be
signaled in the signaling message 4115. Thus, the amount of
data used for transmitting the second indicator 5321 is less than
the amount of data used for transmitting the primary code-
book value 511. In variation of this embodiment the index for
the primary codebook and the index for the secondary code-
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book may be jointly transmitted as a combined index, which
may be more efficient, for example 1f the number of entries in
the primary codebook and/or secondary codebook i1s not a
power of two, or the number of entries 1n the secondary
codebook varies depending on the entry in the primary code-
book.

The secondary station 410 may also report to the network
the preferred transmission rank (1.e. the number of spatial
channels to be used for the transmission, which 1s equivalent
to the number of antenna ports) and an indication on the
channel quality. Channel quality 1s typically indicated by a
channel quality indicator (CQI). Thus 1s typically indicates a
data rate at which packet transmissions can be received with
pre-determined error probability.

In accordance with an example of the first embodiment, the
secondary station makes channel measurements on the poten-
tially cooperating cells and 1dentifies suitable subsets from
the second set of precoding matrices of the secondary code-
book (hereinafter ‘second set”) for association with codebook
entries 1n the first set of precoding matrices of the primary
codebook (hereinafter ‘first set’) 1 order to establish the
precoding scheme of FIG. 5. In another example different
from the precoding scheme of FIG. §, the aim of the second-
ary station 410 1s to find the two best codebook entries from
the second set to be associated with a given codebook entry
from the first set. Signaling one of two entries from the second
set would only require one additional bat.

FIG. 10 represents one of the possible methods for finding,
good codebook contents:

In each subirame containing suitable reference symbols, at
step S1001 find the data rate for each combination of
codebook entry (1.e. corresponding to the combination
of the codebook precoding matrices) from the first set
and from the second set.

then, at step S1002, collect statistics of the data rate (e.g.
average data rate) for each combination of codebook
entry from the first set and from the second set.

and at step S1003, for each codebook entry from the first
set, 1dentity the two codebook entries selected from the
second set which give the highest average data rates.

Thus, this permits to obtain, on the basis of some statistics,
a precoding scheme adapted to the situation experienced by
the secondary station.

Another method may be the following;:

In each subirame containing suitable reference symbols
find the combination of codebook entry from the first set
and from the second set which would give the highest bat
rate.

for each codebook entry selected from the first set, collect
statistics for each of the codebook entries selected from
the second set (e.g. for a given codebook entry from the
first set, record the number of times a given codebook
entry 1s selected from the second set).

For each codebook entry from the first set, identify the
most frequently selected codebook entry or entries from
the second set.

For either method, the resulting proposed codebook con-
tents are summarized 1n a precoding scheme that 1s signaled to
the network, preferably as higher layer signaling at step
S1004. The network then confirms the proposed precoding
scheme and corresponding codebooks (preferably via physi-
cal layer signaling) or signals a new one (preferably via
higher layer signaling) at step S1005. If no precoding scheme
or codebook 1s indicated by the network a fixed (or pre-
determined) precoding scheme 1s used.

In a variation of this first embodiment, the secondary sta-
tion may signal a recommendation for only part of the pre-
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coding scheme. The network may then decide the remaining
parts of the precoding scheme and the corresponding code-
books, or the remaining parts may be fixed or pre-determined.
For example, the network may signal the contents of part of
the codebook and the remaining parts are fixed or pre-deter-
mined, then the secondary station uses the methods described
above to establish 1ts recommended precoding scheme for the
non-fixed parts of the codebook.

In accordance with this first embodiment, the secondary
station makes channel measurements on the cooperating cells
and 1dentifies suitable subsets from the second set for asso-
ciation with codebook entries 1n the first set. The resulting
codebook design 1s then signaled to the network.

The network can either signal confirmation of the UE code-
book, or signal the contents of a different codebook.

The same principle can be used for a codebook with more
than 2 entries 1n the subset from the second codedbook and for
more than two cooperating cells. However, 1t 1s to be noted
that if the secondary station location changes, then the code-
book could need to be updated. It 1s possible to configure the
secondary station so that upon detection 1n a big vanation of
location (either by a change 1n receive power or by help of
embedded GPS, or other geolocalization monitor), 1t triggers
the establishment of a new precoding scheme.

In accordance with a second embodiment of the invention
illustrated on FIG. 6, the precoding scheme may be based on
statements regarding the topology of the network and the
situation of the secondary station within the cell. In FIG. 6, a
secondary station 610 1s within a serving cell 601a and com-
municates with a primary station 600. In an example of this
second embodiment of the invention, such a telecommunica-
tion system operates under the UMTS specifications or LTE
specifications. Accordingly, the primary station 600 may be

an eNodeB and the secondary station 610 1s a User Equipment
(UE). A second cell 6015 neighboring cell 601a 1s repre-

sented on FIG. 6. This cell 6015 1s controlled by the same
primary station 600.

For the sake of clarity only one secondary station is repre-
sented, however, a plurality of secondary stations may be
within a cell.

Primary station 600 comprises an antenna array divided in
two subarrays 604a and 6045 respectively dedicated to each
respective cell, 1n this example four antennas per cell. In
accordance with a cooperative beamforming mode, the sec-
ondary station 610 may receive signals from antennas 604a
and 6045 dedicated to cells 601a and 6015.

In accordance with this embodiment, a single primary sta-
tion 600 serves the two cooperating cells with antenna arrays
aligned 1n the same direction, the general direction of the
transmission beam is the same for the two antennas as repre-
sented on FIG. 6 with the angle a.

As a simple example for a better understanding of this
second embodiment, let us consider that the cells 601a and
6015 (at the same frequency) supported from the same base
station site 600 are using uniform linear antenna arrays, with
rank-1 transmission in a free-space/line-of-sight channel
(LOS). In this case the optimum precoding coellicients
depend mainly on the angle o with respect to the antenna
array and the codebook can be based on DFT coetlicients (1.¢.
for a given spatial signature, 1n this case a unique direction
with respect to the antenna array, the corresponding precod-
ing coellicients can be obtained via a Discrete Fourier Trans-
form). For a secondary station 610 likely to benefit from
CoMP (Cooperative Multipoint Transmission), 1.€. 1n an area
served by the two cells, the angles with respect to the two
antenna arrays are likely to be similar. Therefore 11 the sec-
ondary station selects optimum precoding coellicients from a
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codebook for the serving/first cell, the set of optimum coet-
ficients for the other/second cell 1s likely to correspond to a
similar angle, and therefore the most likely candidates 1n the
codebook for the second cell can be determined according to
the codebook entry selected for the serving cell. For example,
if the codebook entries are ordered according to angle, then
depending on the particular geometrical configuration (for
example with antenna arrays 604a and 6045 pointing 1n dii-
terent directions), the most likely codebook entries for the
second cell could be the same or adjacent to the codebook
entry for the first cell, or in a mirror position in the codebook.
In this case at least one of the codebook entries for the second
cell should be 1dentical to the corresponding codebook entry
for the first cell.

Thus, a precoding scheme can be established easily based
on the statement that the two cells 601a and 6015 are con-
trolled by the same primary station site. The same approach
can be applied 1n a slightly different embodiment where the
antenna arrays 604q and 6045 serve the same cell. This would
allow a codebook designed for 4 antennas to be used in a cell
with 8 antennas.

For the example given, the precoding codebook entries
preferred by the secondary station could be signaled to the
primary station 1n terms of a codebook 1index (e.g. four bits)
for the first cell 601a and an offset (e.g. one or two bit) to
indicate a codebook index for the second cell 6015.

For a full codebook search, the secondary station could
estimate the achievable data rate with each codebook entry
from the first codebook in combination with each offset to the
second codebook (e.g. 4+42=6 bits or sixty-four combina-
tions).

The two main advantages of this second embodiment are
the reduced number of bits to signal the codebook indices,
compared with the tull number of bits for each codebook and
the reduced computational complexity from searching a
smaller number of codebook combinations. Moreover, there
1s no need in this embodiment compared with the first
embodiment to compute a precoding scheme based on statis-
tics, reducing thus the computation requirement 1n the sec-
ondary station.

A similar approach may be chosen for other configurations
of the network. As 1llustrated in FIG. 7, a secondary station
710 1s within a serving cell 701a and communicates with a
primary station 700a operating the serving cell 701a. The
primary station 700 may be an eNodeB and the secondary
station 710 may be a User Equipment (UE). A second cell
7015 which 1s a neighbor to cell 701a 1s represented on FIG.
7. This cell 7015 1s controlled by a second primary station
7006.

For the sake of clarity only one secondary station 1s repre-
sented, however, a plurality of secondary stations may be
within a cell.

Based on the recognition that the angles a1 and ¢.2 of the
beams with a reference are related one to another, 1t 1s pos-
sible to establish a precoding scheme from the topology of the
network.

Let us consider that the cells 701a and 7015 (at the same
frequency) supported from two base station sites 700a and
7006 are using uniform linear antenna arrays, with rank-1
transmission 1n a free-space/line-of-sight channel (LOS). In
this case the optimum precoding coellicients depend mainly

on the angle a1 and a.2 with respect to the antenna array and
the codebook can be based on DFT coellicients. For a sec-
ondary station 710 likely to benefit from CoMP, 1.e. on the
border between two cells, the angles with respect to the two
antenna arrays are likely to be related (1.e. with opposite or
mirrored values). If the reference 1s the axis linking the two
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base station sites, the angle a1 equals approximately —a2 if 1t
1s considered that the cells have the same size. Therefore 11 the
secondary station selects optimum precoding coellicients
from a codebook for the serving/first cell 701a, the set of
optimum coelficients for the other/second cell 7015 1s likely
to correspond to an opposed angle, and therefore the most
likely candidates 1n the codebook for the second cell can be
determined according to the codebook entry selected for the
serving cell. For example, 11 the codebook entries are ordered
according to angle, then, depending on this particular geo-
metrical configuration, the most likely codebook entries for
the second cell could be 1n a mirror position 1n the codebook.
Thus, 1t could be given by an offset minus the value of the first
codebook 1index.

For a secondary station 1n a location that leads to the same
or adjacent codebook entries 1n the second cell, as 1n FIG. 6,

an example of such a precoding scheme could be represented
as follows:

First associated Second associated

Codebook entry from entry from the entry from the
first codebook (for second set (for second set (for
first cell) second cell) second cell)

1 1 2

2 2 3

3 3 4

4 4 5

5 5 6

6 6 7

7 7 8

8 8 6

This means that, for example 11 codebook entry 5 1s chosen for
the first cell (which could be signaled by three bits), then
either codebook entry 5 or 6 could be used for the second cell
(which could be signaled by one bit).

For a secondary station in a location that leads to mirror
codebook entries 1n the second cell, as 1n FIG. 7, an example
of such a codebook could be represented as follows:

First associated Second associated

Codebook entry from entry from the entry from the
first codebook (for second set (for second set (for
first cell) second cell) second cell)

1 8 7

2 7 6

3 6 5

4 5 4

5 4 3

6 3 2

7 2 1

8 1 3

It 1s to be noted that the same applies for more than two
cooperating cells. As shown on FIG. 8, a secondary station
810 recerves the cooperating transmission from three cells
801a, 8015H, or 801c¢ controlled each by a respective primary
station 800a, 8005 or 800c.

As 1n the case of FIG. 8, the angles al, o2, and o3 are
related to one another. As a consequence, the precoding
scheme may be predetermined to take this into account. As a
first approximation, the codebook entries of the secondary
codebook and of the tertiary codebook may be offset by a
constant to take 1nto account these relationships.

Then, 1n accordance with the second embodiment, the val-
ues of the first precoding matrix are signaled 1n a similar way
as 1n the first embodiment which 1s not repeated for reasons of

5

10

15

20

25

30

35

40

45

50

55

60

65

12

economy. Furthermore, the values of the second precoding
matrix may be signaled as in the first embodiment in the case
that there 1s more than one secondary codebook entry corre-
sponding to the first precoding matrix value. If not, the sig-
naling can be omitted since the primary stations will be aware
of the second precoding matrix scheme.

Regarding the signaling of the precoding scheme 1n the
second embodiment, a stmilar signaling may be carried out as
in the first embodiment. However, 1t 1s also possible in a
variation of the second embodiment to signal the situation
that the secondary station 1s experiencing, 1.€. statements on
the topology of the network and on the situation of the sec-
ondary station in this network. Moreover, since the primary
stations are aware of the topology of the network, the primary
station may signal to the secondary station a recommended or
a default precoding scheme. This permits avoiding the sig-
naling of a complete precoding scheme which may be quite
large 1n terms of overhead or signaling.

The optimum association between the first set of codebook
entries for the first cell and the set of subsets for the first cell
1s likely to depend on the deployment configuration and the
propagation environment. It would be desirable that this asso-
ciation 1s 1dentified as in the second embodiment. In general
this can be done by making channel measurements on each of
the (potentially) cooperating cells at the UE, and reporting
them to the network. However, this 1s likely to result 1n con-
siderable signaling overhead.

Varnations 1n this embodiment are possible as follows:

In selecting the PMI the UE considers that the first coelli-
cient in the PMI as applied to each cell may be selected
to have zero value. For three cells this requires up to
three bits of signaling to indicate the selected combina-
tion of zero value coeflicients for three cells. In a further
variation, the case where all the first PMI coetlicients are
zero 1s not allowed. In a further vanation, the case where
all the first PMI coellicients are non-zero 1s not allowed.

In selecting the PMI, the UE considers the following seven
possibilities for each cell, which would require up to
nine bits of signaling to indicate the selected combina-
tion for three cells. Some combinations may not be
allowed (e.g. no transmission on all three cells, only one
mapping between spatial channels and codewords
allowed for the serving cell):

Rank-2 transmission of codeword 1 on spatial channel 1
and codeword 2 on spatial channel 2
Rank-2 transmission of codeword 1 on spatial channel 2

and codeword 2 on spatial channel 1
Rank-1 transmission of codeword 1 on spatial channel
Rank-1 transmission of codeword 2 on spatial channel
Rank-1 transmission of codeword 1 on spatial channel
Rank-1 transmission of codeword 2 on spatial channel
No transmission
In selecting the PMI, the UE assumes that rank-2 transmis-

sion 1s only carried out by the serving cell. The other
cells only transmit with rank-1 (1.e. one spatial channel
and one codeword). If the UE prefers Rank-2 transmis-
sion according to some criterion, the UE assumes that
the serving cell transmits two codewords with Rank-2
according to the value of the selected PMI. Some options
for the other cells are:

The UE assume that other cells only transmit the first
spatial channel. This means that the possibilities are
the same for Rank-1 or Rank-2 transmission from the
serving cell: either rank-1 or no transmission from
cach cooperating cell. These options could be 1ndi-
cated using four bits.

PO RO =i
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The UE selects which spatial channel and which code-
word should preferably be transmitted by which of the
other cells. The wvarious possibilities (including
Rank-1 or Rank-2 transmission from the serving cell)
could be signaled with six bits:

Rank-1 transmission of codeword 1 on spatial chan-
nel 1

Rank-1 transmission of codeword 2 on spatial chan-
nel 1

Rank-1 transmission of codeword 1 on spatial chan-
nel 2

Rank-1 transmission of codeword 2 on spatial chan-
nel 2

No transmission

The UE selects a PMI for the first cell, and possible modi-
fications of the PMI 1n the other-cells according to one of
the following variations:

A cyclic shift to be applied to the matrix/vector indicated
by the PMI obtain the precoding matrix/vector for
cach of the other cells.

A phase rotation to be applied to obtain the precoding
matrix/vector for each of the other cells.

A cumulative phase rotation to be applied to obtain the
precoding matrix/vector for each of the other cells.
This would apply a phase slope across the matrix/
vector, which 1s equivalent to an angular shift in the
resulting beam pattern.

A combination of antennas for which the phase of the
precoding coellicient 1s rotated to obtain the precod-
ing matrix/vector for each of the other cells. The phase
rotation can be fixed, preferably at 180 degrees (1.e.
inversion). The amount of phase rotation may be sig-
naled.

In vanations of these above first and second embodiments,
the secondary index may be replaced by:

a cyclic shift to be applied to a precoding matrix, e¢.g. the
primary precoding matrix, to obtain the second precod-
ing matrix.

a phase rotation to be applied to a precoding matrix, e.g. the
primary precoding matrix, to obtain the second precod-
ing matrix;

a parameter of a function for computing the phase rotation
to be applied to the precoding coelficients of a given
antenna from the antenna number to obtain the second
precoding matrix from a precoding matrix, e.g. from the
primary precoding matrix;

a combination of antennas for which the phase of the pre-
coding coellicients 1s rotated to obtain the second pre-
coding matrix from a precoding matrix, e.g. the primary
precoding matrix.

In accordance with the mvention, and as represented on
FIG. 9, a method 1s presented in an exemplary system like
LTE with four transmit antennas per cell at the eNB (eNo-
deB), and two receive antennas at the UE.

At step S901, the UE estimates the PMI for the serving cell
in a way which 1s similar to release 8 of UMTS, 1.¢. the PMI
which would give the highest data rate. At step 902, if the UE
considers that according to some criterion one or more Coop-
erating cells should be included, then for the serving cell and
up to two additional co-operating cells, further information 1s
provided at step S903. This additional information comprises
the 1dentity of the preferred cooperating cells (if any), the
preferred transmission rank (which also determines the num-
ber of codewords) and additional information which modifies
how the PMI 1s to be interpreted for each of the cooperating,
cells. For rank-1 transmission the PMI 1s a vector and one
codeword would be transmitted at step S904. The signaling 1s
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physical layer signaling via PUCCH or PUSCH. For higher
rank the PMI 1s a matrix. In this example, the maximum rank

1s 2, which implies that two codewords would be transmuitted
by the eNB 1n the downlink. The UE may also report a CQI on
the assumption that the network transmits according to the
PMI and additional information at step S904.

Typically, the specification for systems like LTE makes use
of the term “antenna port”, which 1s effectively a virtual
antenna which may correspond to a single physical antenna or
may be dertved by a linear combination of signals from more
than one physical antenna. For convemence, we use the term
“antenna’, but this could also be understood as “antenna
port”.

In the case of non-DFT codebooks (e.g. for non-LOS chan-
nels), 1t 1s not necessarily the case that the appropriate entries
for the second cell are adjacent to the entry selected for the
first cell. In some cases 1t may be possible to determine the
appropriate entries analytically as 1n the second embodiment.

Otherwise they may be determined empirically (e.g. by obser-
vation of selected codebook entries 1n a simulation or in
measurements ) as 1n the first embodiment, or some codebook
design approach could be used (e.g. brute-force search for a
good codebook, or genetic algorithm).

To summarize, the CoMP codebook according to the
embodiments of the invention comprises a first set of precod-
ing matrices for the first cell. For the second cell, there 1s a
subset of a second set precoding matrices, said subset being
associated with each matrix from the first set of precoding
matrices. Each subset may have different members. The sec-
ond set may have the same members as the first set. And so on
for third and further additional cells as required. In the case of
rank-1 transmission, the matrices may be vectors.

In accordance with a third embodiment, the precoding
scheme may be used as well (or only) by a primary station
involved 1n a cooperative beamforming. In a similar way as
the embodiments described previously, the primary station
selects a first precoding matrix to signal the precoding applied
on the antennas of a first primary station, e.g. itself or another
primary station involved in the cooperative beamiorming.
Then, the precoding of a second primary station may be
limited to a subset of precoding matrices (e.g. 1, 2, 3 matrices
but less than the whole set of available precoding matrices for
the second cell). Then, the precoding of the second cell 1s
chosen 1n the limited set of precoding matrices and 1s applied
to a primary station mnvolved in the cooperative beamforming.
The first primary station may signal the first precoding matrix
(by use of a precoding matrix index ) and possibly information
regarding the second precoding matrix.

The present invention shall not only be construed to the
above embodiments and 1t will be clear for someone skilled 1in
the art that the below variants and examples may be adapted
in various implementations of the invention. Some exemplary
extensions or alternatives to the above embodiments
described below are possible. For some codebooks the first
coellicient in the matrix/vector of each entry has the same
value (e.g. 1). Since 1t 1s unlikely that the optimum value for
this coelficient 1s the same for every cooperating cell, this
clement can always be selected as “off” 1n the subsets for the
second cell. This may be subject to the condition that the first
coellicient 1s not “off” 1n the first codebook entry for the first
cell. This reduces the number of bits needed to signal the
antenna selection information.

In the case of rank-2 transmission (or higher rank), 1t may
be difficult to match the required precoding from two spatial
channels from all collaborating cells. Therefore some restric-
tions or options could be applied:
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Rank-2 transmission i1s only carried out by the serving cell.
The other cells only transmit one spatial channel. Some
options are that the UE assumes that other cells only
transmit the first spatial channel or that the UE signals
which spatial channel and which codeword should be
transmitted by which cell.

For each cell the secondary station signals from among the
following possibilities:

Rank-2 transmission

Rank-1 transmission of codeword 1 on one spatial chan-
nel

Rank-1 transmission of codeword 2 on one spatial chan-
nel

Rank-1 transmission of codeword 1 on the other spatial
channel

Rank-1 transmission of codeword 2 on the other spatial
channel

No transmission

It 1s to be noted that 1n recerving the resulting downlink
transmission the secondary station would assume an appro-
priate association between DRS and codewords.

Instead of signaling a PMI and a combination of antennas
which are switched “off”” in each cell, the following possibili-
ties can be signaled, in most cases with a similar number of
bits:

The UE can signal a PMI for the first cell and a cyclic shift
to be applied to the matrix/vector indicated by the PMI
obtain the precoding matrix/vector for each of the other
cells.

The UE can signal a PMI for the first cell and a phase
rotation to be applied to obtain the precoding matrix/
vector for each of the other cells.

The UE may signal a PMI for the first cell and a cumulative
phase rotation to be applied to obtain the precoding
matrix/vector for each of the other cells. This would
apply a phase slope across the matrix/vector, which 1s
equivalent to an angular shift 1n the resulting beam pat-
tern.

The UE may signal a PMI for the first cell and a combina-
tion of antennas for which the phase of the precoding
coellicient 1s rotated to obtain the precoding matrix/
vector for each of the other cells. The phase rotation
could be 180 degrees (i.e. inversion). This modification
1s proposed on the basis that 1f the contribution of a given
antenna to the received signal 1s detrimental to perfor-
mance (1.¢. leads to destructive interference), then it
would be switched “off” in AS-SFN. However, as pro-
posed here, 1t may be better to reverse the phase and
convert destructive interference into constructive inter-
ference. The amount of phase rotation could be signaled.

It 1s to be noted that in all the previous embodiments, the
precoding matrix can be understood, as in the case of a rank-1
transmission, as a precoding vector.

The ivention 1s applicable to systems using co-operative
beamforming between cells which may include LTE-Ad-
vanced. The cells may be located at a single base station site,
or on different sites, for example femto-cells implemented by
fiber radio techmques.

In the present specification and claims the word “a” or “an”™
preceding an element does not exclude the presence of a
plurality of such elements. Further, the word “comprising”
does not exclude the presence of other elements or steps than
those listed.

The inclusion of reference signs in parentheses in the
claims 1s intended to aid understanding and 1s not intended to
be limiting.
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From reading the present disclosure, other modifications
will be apparent to persons skilled 1n the art. Such modifica-
tions may involve other features which are already known 1n
the art of radio communication.

The invention claimed 1s:

1. A method for operating a secondary station 1n a network,
the method comprising:

in the secondary station:

a controller performing the acts of:

controlling a transceiver to receive transmissions from a

first primary station controlling a first cell and to further
receive transmissions from at least one second primary
station controlling at least one respective second cell;

selecting a first precoding matrix for the first cell from a

first set of precoding matrices associated with the first
cell;

selecting a second precoding matrix for the second cell

from a subset of precoding matrices associated with the
second cell, the subset being dependent upon the first
precoding matrix 1n accordance with a precoding
scheme:

determining a first and second indicator to 1dentify the first

and second precoding matrix respectively; and
controlling the transcerver to transmit the first and second
indicator;

wherein an amount of data transmitted to transmit the

second 1indicator 1s less than an amount of data transmit-
ted to transmuit the first indicator.

2. A method of operating a primary station in a network, the
method comprising:

in the primary station:

controlling a first cell and a second cell;

controlling a first transceiver system to transmuit a signal to

a secondary station 1n the first cell;

controlling a second transceiver system to transmit the

signal to the secondary station;
recerving, irom the secondary station, a first indicator of a
first precoding matrix for the first cell from a first set of
precoding matrices associated with the first cell;

identifying a subset of a second set of precoding matrices
associated with the second cell, the subset consisting of
at least one precoding matrix associated with the second
cell, the subset depending on the first precoding matrix
and being 1n accordance with a precoding scheme;

recerving, irom the secondary station, a second indicator of
a second precoding matrix for the second cell from the
subset of precoding matrices associated with the second
cell, wherein an amount of data received to determine
the second indicator 1s less than an amount of data
recerved to determine the first indicator;
identitying the first and second precoding matrix based on
the first and second indicators, respectively; and

controlling the first and second transceiver systems to
transmit the signal to the secondary station using the first
and second precoding matrices, respectively.

3. A secondary station comprising: a transceiver; and

the secondary station being configured to:

control the transceiver to recerve transmissions from a first

primary station controlling a first cell and to receive
transmissions irom at least one second primary station
controlling at least one respective second cell, and at
least at times recerving the transmissions of the first and
second primary stations concurrently;

select a first precoding matrix for the first cell from a first

set of precoding matrices associated with the first cell;

select a second precoding matrix for the second cell from a

subset of precoding matrices for the second cell, the
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subset depending on the first precoding matrix and being,
in accordance with a precoding scheme;
determine a first and second 1indicator representative of the
first and second precoding matrix respectively; and

control the transceiver to transmit the first and second
indicators wherein an amount of data transmitted to
represent the second 1ndicator 1s less than an amount of
data transmitted to represent the first indicator.

4. The secondary station of claim 3, comprising a plurality
ol antennas connected to the transceiver, and the secondary
station at times 1n a beamforming mode controls the trans-
ceiver to apply a set of complex coeflicients based on the first
precoding matrix to a signal transmitted by the plurality of
antennas to spatially direct the transmission toward the first
primary station.

5. A primary station comprising:

a first transcerver system that controls a first cell;

a second transcerver system that controls a second cell; and

a controller that:

receives, Irom a secondary system 1n the first cell, a first
indicator of a first precoding matrix for the first cell
from a first set of precoding matrices associated with
the first cell, and a second indicator of a second pre-
coding matrix for the second cell from a subset of
precoding matrices associated with the second cell,
the subset depending on the first precoding matrix and
being 1n accordance with a precoding scheme; and

controls the first and second transceiver systems to trans-
mit a signal to the secondary system using the first and
second precoding matrices, respectively;

wherein an amount of data recerved to represent the second

indicator 1s less than an amount of data received to
represent the first indicator.

6. The primary station of claim 5, comprising a first plu-
rality of antennas connected to the first transcerver system and
a second plurality of antennas connected to the second trans-
ceiver system, and wherein the first and second precoding
matrix respectively comprise a first and second set of com-
plex coellicients and at times the primary station 1n a beam-
forming transmission mode controls the first and second
transceiver systems to respectively apply the first and second
set of complex coetlicients to the signal transmitted by the
first and second plurality of antennas to spatially direct the
transmission toward the secondary station.

7. A secondary station comprising:

a transceiver; and

the secondary station being configured to:

control the transceiver to receive transmaissions Irom a first

and a second primary stations;

select a first precoding matrix from a codebook containing

at least one first set of precoding matrices;

assess a second set of precoding matrices from the code-

book, wherein the codebook provides an association
between the first set of precoding matrices to corre-
sponding ones of the second sets of precoding matrices,
the second set of precoding matrices being associated
with the first precoding matrix;

select a second precoding matrix from the second set of

precoding matrices, the selection of the second precod-
ing matrix depending on the assessment of the second
set of precoding matrices;

determine a first and second indicator to i1dentily the first

and second precoding matrix respectively; and

control the transceiver to transmit the first indicator to the

first primary station and the second 1ndicator to the sec-
ond primary station wherein an amount of data transmiut-
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ted to transmit the first indictor 1s greater than an amount
of data transmuitted to transmait the second indicator.

8. A tangible computer readable storage medium that 1s not
a transitory propagating signal or wave, encoded with instruc-
tions for controlling a secondary station for performing a
method for operating the secondary station 1n a network, the
method comprising:

a controller ol the secondary station performing the acts of:

controlling a transceiver to receive transmissions from a

first primary station controlling a first cell while at times
concurrently recerving transmissions from at least one
second primary station controlling at least one respec-
tive second cell;

selecting a first precoding matrix for the first cell from a

first set of precoding matrices associated with the first
cell;

selecting a second precoding matrix for the second cell

from a subset of precoding matrices associated with the
second cell, the subset being dependent upon the first
precoding matrix 1n accordance with a precoding
scheme:

determining a first and second indicator identifying the first

and second precoding matrix respectively; and
controlling the transcerver to transmit the first and second
indicator;

wherein an amount of data transmitted to transmit the

second 1indicator 1s less than an amount of data transmit-
ted to transmuit the first indicator.

9. A computer readable storage medium that 1s not a tran-
sitory propagating signal or wave, encoded with control data
including instructions for controlling a primary station for
performing a method of operating the primary station in a
network, the method comprising:

a controller of the primary station performing the acts of:

controlling a first cell and a second cell;

receiving, from the secondary station, a first indicator of
a first precoding matrix for the first cell from a first set
of precoding matrices associated with the first cell and
a second 1ndicator of a second precoding matrix for
the second cell from a subset of precoding matrices
associated with the second cell, the subset being
dependent upon the first precoding matrix 1n accor-
dance with a precoding scheme; and

controlling first and second transceivers to transmit a signal

to the secondary station using the first and second pre-
coding matrices, respectively;

wherein an amount of data recerved to represent the second

indicator 1s less than an amount of data received to
represent the first indicator.

10. The primary station of claim 5, wherein a controller of
the primary station performs the acts of:

the controlling of the first and second cell;

the controlling of the first and transceivers for transmitting

transmissions to the secondary station;

the selecting of the first precoding matrix from the first set

of precoding matrices;

selecting of the subset of the second set of precoding matri-

Ces;

the selecting of the second precoding matrix from the sub-

set; and

the recerving of the first and second indicator.

11. The secondary station of claim 3 wherein the precoding
matrices of the first and second set of precoding matrices are
arranged 1n at least one CoMP (Co-operative Multi-Point
transmission) codebook and the precoding matrices in the
codebook are arranged in a sequential order according to an
angle of the precoding matrices and the sequential order of




US 9,270,428 B2

19

arrangement 1n the codebook of the precoding matrices 1s
used as an index value for an indicator for 1dentifying each
matrix.

12. The secondary station of claim 3 wherein the subset of
the second set of precoding matrices 1s one of a plurality of
subsets of the second set of precoding matrices, and each
subset of the plurality of subsets of the second set of precod-
ing matrices 1s associated with each precoding matrix of the
first set of precoding matrices.

13. The secondary station of claim 3, wherein at least one
of the first or second indicator 1s transmitted to at least one of
the first or second primary station.

14. The secondary station of claim 3, wherein the first
primary station controls a serving cell comprising at least the
secondary station and the second primary station controls a
neighboring cell comprising one or more other secondary
stations.

15. The secondary station of claim 3, wherein the precod-
ing scheme 1s selected from a set of precoding schemes
depending on a topology of the first and second cells.

16. The secondary station of claim 15, wherein the precod-
ing scheme 1s selected depending on whether the first and
second cells are controlled by a single primary station.

17. The secondary station of claim 3, wherein the subset of
precoding matrices comprises a precoding matrix identical to
the first precoding matrix.

18. The secondary station of claim 3, wherein each precod-
ing matrix of the subset of precoding matrices is indicated by
a value obtained by subtracting the indicator representative of
the first precoding matrix from a corresponding constant
value.

19. The secondary station of claim 3, wherein the precod-
ing scheme 1s generated by the secondary station based on
performance statistics for combinations of a precoding matrix
selected for the first cell and a precoding matrix selected for
the second cell.

20. The secondary station of claim 3, wherein the second
indicator 1s representative of at least one of:

a cyclic shift to be applied to a third precoding matrix to

obtain the second precoding matrix;

a phase rotation to be applied to a third precoding matrix to
obtain the second precoding matrix;

a parameter of a function for computing a phase rotation to
be applied to precoding coellicients of a given antenna
from an antenna number to obtain the second precoding
matrix from a third precoding matrix; or

a combination of antennas for which the phase of the pre-
coding coellicients 1s rotated to obtain the second pre-
coding matrix from a third precoding matrix.

21. The secondary station of claim 20, wherein the third
precoding matrix 1s one of: the first precoding matrix or a
matrix determined according to the first precoding matrix.

22. The secondary station of claim 3, wherein transmis-
sions from the first cell and the second cell are rank-1 trans-

missions and wherein precoding matrices are precoding vec-
tors.

5

10

15

20

25

30

35

40

45

50

55

20

23. The secondary station of claim 3, wherein the first
primary station and the second primary station are compo-
nents of a single primary station.

24. The secondary station of claim 3, comprising the trans-
ceiver receiving the first set of precoding matrices and the
second set of precoding matrices.

25.The secondary station of claim 3, wherein the first set of
precoding matrices and the second set of precoding matrices

are pre-stored 1n the secondary station.
26. The secondary station of claim 3, comprising transmit-

ting a rank of the number of antennas to be used.

27. The secondary station of claim 3, wherein the first
selected matrix and the second selected matrix are selected to
provide the highest average data rate of the matrices of the
respective first set of matrices and subset of matrices.

28. The secondary station of claim 235, wherein the matrices
are related and wherein the first indicator 1dentifies the first
precoding matrix and the second indicator indicates the rela-
tionship between the first and second precoding matrix.

29. The secondary station of claim 3, wherein the precod-
ing matrices of the first and second set of precoding matrices
are each assigned a umique index value and the first indicator
1s a first index value assigned to the first selected precoding
matrix and the second indicator 1s an offset value from the first
index value.

30. The secondary station of claim 3, wherein at times the
secondary station 1 a beamforming transmission mode
applies a set of complex coellicients based on at least one of
the first and second precoding matrix to a signal transmitted
by a plurality of antennas of the secondary station to spatially
direct the transmission toward a primary station.

31. The secondary station of claim 3, wherein a controller
of the secondary station performs the acts of:

controlling of the transceiver to at times simultaneously

receive transmissions from the first primary station and
the at least one second primary station;

the selecting of the first precoding matrix from the first set

of precoding matrices;

selecting of the subset of the second set of precoding matri-

Ces;

the selecting of the second precoding matrix from the sub-

set;

the determining the first and second indicator; and

the controlling of the transcerver to transmit the first and

second 1ndicator.

32. The primary station of claim 5, wherein at least one of
the first or second 1ndicator 1s transmitted to the secondary
station.

33. The primary station of claim 5, wherein the precoding
scheme 1s based on performance statistics for combinations
of a precoding matrix selected for the first cell and a precod-
ing matrix selected for the second cell.

34. The primary station of claim 5, wherein the first and
second precoding matrix respectiully comprise a first and
second set of complex coellicients used 1 a beamforming
mode to spatially direct the transmission toward the second-
ary station.
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