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(57) ABSTRACT

For determining parameters for configuring a regularized
zero-forcing precoder aiming at being applied for transmit-
ting data from a plurality of transmitters to a plurality of
receivers via a MIMO transmission channel in a wireless
communication system, and more particularly in a scope of
massive MIMO approach, a first phase comprises: obtaining
long-term statistics about observations of the MIMO trans-
mission channel, and obtaining a power scaling factors
aiming at meeting a power constraint P, by solving an
optimization problem as a function of a signal to noise ratio
asymptotic expression from the standpoint of each receiver.
Then, a second phase comprises: obtaining an estimation of
the MIMO transmission channel, and configuring the regu-
larized zero-forcing precoder using the power scaling factors
determined in the first phase as well as the obtained esti-
mation of the MIMO trans mission channel.
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METHOD FOR DETERMINING
PARAMETERS FOR CONFIGURING
REGULARIZED ZERO-FORCING
PRECODER

TECHNICAL FIELD

[0001] The present invention generally relates to deter-
mining parameters of a regularized zero-forcing precoder to
be applied for transmitting data from a plurality of trans-
mitters to a plurality of receivers in a wireless communica-
tion system.

BACKGROUND ART

[0002] Communication systems may rely on cooperation
in order to improve performance of the communication
systems with regard to an environment of said communica-
tion systems. According to one example, such cooperation
can be found in a context of a virtual MIMO (Multiple-Input
Multiple-Output) channel-based communications network
in which transmitter node devices, typically access points
such as base stations or eNodeBs, cooperate in order to
improve overall robustness of communications via the vir-
tual MIMO channel toward receiver devices such as UEs
(User Equipment). Precoding is often implemented in order
to enable the transmitter node devices to cooperate.

SUMMARY OF INVENTION

Technical Problem

[0003] Zero-forcing (or Null-Steering) precoding is a
method of spatial signal processing by which multiuser
interference signals can be nulled in wireless communica-
tions, when the transmission channel is perfectly known at
the transmitters side. Regularized-zero-forcing precoding is
an enhanced processing to consider the impact of a back-
ground noise, unknown user interference, or imperfect chan-
nel knowledge at the transmitter. With a limited CSIT
(Channel State Information at the Transmitter), the perfor-
mance of regularized zero-forcing precoding decreases as
the inaccuracy of the CSIT increases. It means that regular-
ized zero-forcing precoding typically requires significant
CSI (Channel State Information) exchange to avoid as much
as possible inaccuracies of the CSIT and thus avoid signifi-
cant throughput loss because of residual multiuser interfer-
ences. Moreover, in order to allow real-time adaptation of
the regularized zero-forcing precoding to the transmission
channel fluctuations, rather fast CSI exchange is needed
between the transmitter node devices when the regularized
zero-forcing precoding is configured in a distributed fashion
and rather fast CSI exchange is needed from the transmitter
node devices to a central processing unit when the regular-
ized zero-forcing precoding is configured in a centralized
fashion. This is a significant constraint in wireless commu-
nication systems design.

Solution to Problem

[0004] Itis then desirable to overcome the aforementioned
drawbacks of the prior art. More particularly, it is desirable
to providing a solution that allows implementing regularized
zero-forcing precoding that does not rely on such fast CSI
exchange.

[0005] To that end, the present invention concerns a
method for determining parameters for configuring a regu-
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larized zero-forcing precoder aiming at being applied for
transmitting data from a plurality of n transmitters to a
plurality of K receivers via a Multiple-Input Multiple Output
MIMO transmission channel in a wireless communication
system, each transmitter having a quantity M- of transmit
antennas, each receiver having a single receive antenna,
K=nM =M, the method comprising a first phase compris-
ing: obtaining long-term statistics about observations of the
MIMO transmission channel as follows, for any and all j-th
transmitter among the n transmitters and any and all k-th
receiver among the K receivers:

[0006] o, which is representative of a ratio between
an average power of the MIMO channel from said j-th
transmitter to said k-th receiver and an average power
of an estimation noise in Channel State Information at
Transmitter CSIT obtained, at said j-th transmitter,
when estimating the MIMO channel from said j-th
transmitter to said k-th receiver;

[0007] ©,, which is a covariance matrix of the MIMO
channel from said plurality of transmitters toward said
k-th receiver; and

[0008] p,Y7, which is representative of a correlation
between g, and q,?, wherein q,¥ is a whitened
estimation noise, obtained at the j-th transmitter, in the
CSIT of the MIMO channel between said j-th trans-
mitter and said k-th receiver, and wherein q,7” is a
whitened estimation noise, obtained at the j'-th trans-
mitter, in the CSIT of the MIMO channel between said
j'-th transmitter and said k-th receiver;

[0009] The first phase further comprises: obtaining a
power scaling factors vector p* gathering power scaling
factors w, for any and all j-th transmitter among the n
transmitters and aiming at meeting a power constraint P, by
solving an optimization problem as a function of a signal to
noise ratio asymptotic expression SINR,® from the stand-
point of each receiver as follows:

K
u= argmaxz log(l + SINRY) such that
=

r o i+
Z 2 DEE) _
(7 TS )

J=1

[0010] wherein EjTECMD"‘M is a matrix defined as fol-
lows:

EjT:[OMTXX(/*lWTXIMT)POMTXX("*J')MTX]
[0011] wherein the notation I, means an identity matrix or
sub-matrix of size Z and the notation O, means a null
sub-matrix of size ZxW,
[0012] wherein the asymptotic expression SINR,® of the

signal to noise ratio from the standpoint of any k-th receiver
among the K receivers is as follows:

- 2
E i CBJ,/)( Dy
— / l—‘},J'(IM)1+m,((j)
=

SINR, =
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[0013] wherein [,° is as follows:
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0014] wherein I",.°, is a function defined as follows:
Ja]
2 ,(X) =
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\l Ojkcojk +\lcljkcljk “ ) — Trace| G)kQ(J )XQ(J))
+
MZ

(1 +mm)(1 +m(J ))
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with cm =1- (o',((j))2 and

C(ljl)c — (U—I(cj)) and C(J) U—I(cj) 1- (U_I((j))2

wherein

K —1
; 1 O
() — .
= [M Z Lam) WJIM]

k=1

wherein
X -1
; 1 1 Z [C)
m;(ﬂ = —Tracel Oy — —((.) +a;ly
M M — L+my

[0015] wherein o is a regularization coefficient of the
regularized zero-forcing precoder T,

[0016] wherein v, ., (with k=1, , K) is the k-th entry
of the vector y,,£C*** which is such that:

U=y v=b3;
C K=K :

[0017] wherein A", &
each index 1, t equal to:

is a matrix having an entry at

" ( { Bj’)‘ E)Jk) n { (J) (J’) (JJ)) TraceG)Q(J )G)(Q(J))

S ](’ (1 +m(1))(1 +m(J )) M

[0018] wherein b', ;. is a vector having an entry at each
index 1 equal to
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(N0 ()(/) (.7 i i
Z V CoxCox +V Ciicly o i Trace(®, 050,04

1+mm 1+m(1/)) M

[0019] and wherein @, , is defined as follows:
Trace(@k EjE; Qf,j))
E e —
[0020] Moreover, the method further comprises a second

phase, performed independently by any and all transmitters
of said plurality of n transmitters, comprising: obtaining an
estimation H? of the MIMO transmission channel from the
standpoint of each j-th transmitter of said plurality of n
transmitters; and configuring the regularized zero-forcing
precoder T as follows:

i A (DT A NON \/—
T}f):ﬂjEj-[((Hf) 2+ Majly ) (HJ) — ]

[0021] wherein Tj(’) represents the parameters of the regu-
larized zero-forcing precoder T which have to be applied by
said j-th transmitter,

[0022] and wherein WY is a power normalization scalar
defined as follows:

WO (EHO)EP+ Moyl (H) |

[0023] wherein p; results from the execution of the first
phase.
[0024] Thus, regularized zero-forcing precoding is imple-

mented, with good performance especially in a scope of
massive MIMO approach, without having to rely on such
fast CSI exchange since only long-term statistics are
exchanged instead.

[0025] According to a particular feature, solving the opti-
mization problem as a function of the signal to noise ratio
asymptotic expression SINR,° from the standpoint of each
receiver consists in solving:

K T
#* = max log[l + M]
P Z 1

- = +u’B
k=1 P u' By

[0026] such that ||Cy|.>=1

[0027] wherein A, is representative of a channel on which
are carried symbols intended to the k-th receiver among the
K receivers from a long term and asymptotic perspective, B,
is representative of the channel on which are carried sym-
bols intended to all receivers but said k-th receiver and
generating interference with symbols intended to said k-th
receiver from a long term and asymptotic perspective, and C
is representative of the power constraint,
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[0028] and A, is a constant matrix having an entry at each
index j,j' equal to:

" ey iy
kg = ) %) f 7
g T30 ) (e m@ Y1 +mT)

[0029] and B, is a constant matrix having an entry at each
index j,j' equal to:

1

B} = —m==
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¥ ¥ ¥ IR
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0030] wherein Re{X!} represents the real part of the
P p

complex input X, and diag( ) is a function that forms a
diagonal matrix of size Z when Z entries are input to said
function. Thus, solving the optimization problem as a func-
tion of the signal to noise ratio asymptotic expression
SINR,° from the standpoint of each receiver is simplified.
[0031] According to a particular feature, the regularization
coeflicient c; is jointly optimized with the power scaling
factor W, by solving;

K
(a*, w") = argmaxz log(1 + SINRY)
(G2 e

such that

n o0 i+
2 CAEE _ |
Z 1: 1T,

=

[0032] wherein a* is a regularization coefficients vector
gathering the regularization coefficients o, for any and all
j-th transmitter among the n transmitters. Thus, by relying on
jointly optimized regularization coefficient ¢, and power
scaling factor p, for any and all j-th transmitter among the n
transmitters, the performance of the configuration of the
regularized zero-forcing precoder T, with respect to the
effective signal to noise ratio, is increased.

[0033] According to a particular feature, the first phase is
implemented in a distributed fashion by any and all trans-
mitter of said plurality of transmitters, and in that said
plurality of transmitters shares said long-term statistics.
Thus, the method can be implemented by relying on a simple
architecture of the wireless communication system for per-
forming cooperative transmissions in from the plurality of
transmitters to the plurality of receivers.

[0034] According to a particular feature, a server obtains
said long-term statistics from said plurality of transmitters
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and the server implements said first phase on behalf of any
and all transmitters of said plurality of transmitters. Thus,
the main processing resources are centralized in a sever,
which further limits the exchanges of the long-term statistics
in the wireless communication system.

[0035] The present invention also concerns a wireless
communication system configured for performing the afore-
mentioned method.

[0036] The present invention also concerns a computer
program that can be downloaded from a communications
network and/or stored on a medium that can be read by a
computer or processing device. This computer program
comprises instructions for causing implementation of the
aforementioned method, when said program is run by a
processor. The present invention also concerns an informa-
tion storage medium, storing a computer program compris-
ing a set of instructions causing implementation of the
aforementioned method, in any one of its embodiments,
when the stored information is read from said information
storage medium and run by a processor.

[0037] The characteristics of the invention will emerge
more clearly from a reading of the following description of
an example of embodiment, said description being produced
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1A schematically represents a first architec-
ture of a wireless communication system in which the
present invention may be implemented.

[0039] FIG. 1B schematically represents a second archi-
tecture of a wireless communication system in which the
present invention may be implemented.

[0040] FIG. 2 schematically represents an hardware archi-
tecture of a communication device, as used in the wireless
communication system.

[0041] FIG. 3 schematically represents an algorithm for
determining power scaling factors for enabling configuring
a regularized zero-forcing precoder intended to be applied
for transmitting data, in a cooperative manner, from a
plurality of transmitters toward a plurality of receivers in the
wireless communication system.

[0042] FIG. 4 schematically represents an algorithm for
determining the power scaling factors in the scope of the
algorithm of FIG. 3, according to a particular embodiment of
the present invention.

[0043] FIG. 5 schematically represents an algorithm for
jointly determining the power scaling factors and regular-
ization coeflicients for enabling configuring the regularized
zero-forcing precoder intended to be applied for transmitting
data, in a cooperative manner, from the plurality of trans-
mitters toward the plurality of receivers in the wireless
communication system.

[0044] FIG. 6 schematically represents an algorithm for
configuring the regularized zero-forcing precoder for trans-
mitting data, in a cooperative manner, from the plurality of
transmitters toward the plurality of receivers in the wireless
communication system.

DESCRIPTION OF EMBODIMENTS

[0045] For determining parameters for configuring a regu-
larized zero-forcing precoder aiming at being applied for
transmitting data from a plurality of transmitters to a plu-
rality of receivers via a MIMO transmission channel in a
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wireless communication system, and more particularly in a
scope of massive MIMO approach, a first phase comprises:
obtaining long-term statistics about observations of the
MIMO transmission channel, and obtaining a power scaling
factors aiming at meeting a power constraint P, by solving an
optimization problem as a function of a signal to noise ratio
asymptotic expression from the standpoint of each receiver.
The first phase is detailed hereafter with regard to FIGS. 3
to 5. The first phase aims at determining long-term param-
eters of the regularized zero-forcing precoder, including
power scaling factors and, potentially in a joint fashion,
regularization coefficients. Then, a second phase comprises:
obtaining an estimation of the MIMO transmission channel,
and configuring the regularized zero-forcing precoder using
the power scaling factors determined in the first phase as
well as the obtained estimation of the MIMO transmission
channel. The second phase is detailed hereafter with regard
to FIG. 6. The second phase aims at refining, on a short-term
basis, the regularized zero-forcing precoder on the basis of
the long-term parameters and of an estimation of the effec-
tive MIMO transmission channel.

[0046] FIG. 1A schematically represents a first architec-
ture of a wireless communication system 100 in which the
present invention may be implemented.

[0047] The wireless communication system 100 com-
prises a plurality of transmitters, two 120a, 12056 of which
being represented in FIG. 1A. The wireless communication
system 100 further comprises a plurality of receivers, two
110a, 1105 of which being represented in FIG. 1A. For
instance, the transmitters 120a, 1205 are access points or
base stations of a wireless telecommunications network, and
the receivers 110a, 1105 are mobile terminals having access
to the wireless telecommunications network via said access
points or base stations. The transmitters 120a, 1205 coop-
erate with each other in order to improve performance when
performing transmissions from the plurality of transmitters
120a, 1205 toward the plurality of receivers 110a, 1105 via
wireless links 111a, 1115, 111¢, 111d. The wireless link 111a
represents the transmission channel from the transmitter
120a to the receiver 110a, the wireless link 1115 represents
the transmission channel from the transmitter 120a to the
receiver 1105, the wireless link 111¢ represents the trans-
mission channel from the transmitter 1205 to the receiver
110a, and the wireless link 1114 represents the transmission
channel from the transmitter 1205 to the receiver 1105. The
transmitters 120a, 1205 are interconnected, as shown by a
link 121 in FIG. 1A, so as to be able to exchange long-term
statistics about transmission channel observations. The link
121 can be wired or wireless.

[0048] The cooperation is achieved by making the trans-
mitters 120a, 1205 jointly apply a regularized zero-forcing
precoder T when performing said transmissions. The param-
eters of the regularized zero-forcing precoder T are deter-
mined in a distributed fashion within the wireless commu-
nication system illustrated in FIG. 1A, so that each
transmitter determines the parameters of the regularized
zero-forcing precoder T which have to be applied by said
transmitter in the scope of said transmissions.

[0049] Herein the quantity of transmitters 120a, 1205 in
use is denoted n, each transmitter having a quantity M, of
transmit antennas, and the quantity of receivers 110a, 1105
in use is denoted K, each receiver having a single receive
antenna. Considering the transmissions from the plurality of
transmitters 120a, 1205 toward the plurality of receivers
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110a, 1105, it then means that the total quantity M of
transmit antennas in the wireless communication system 100
equals to nM ;- and the total quantity of receive antennas in
the wireless communication system 100 equals to K. The
ratio [ of the total quantity of the transmit antennas with
respect to the total quantity of the receive antennas in the
wireless communication system 100 is defined as follows:

p=2 =1
M

[0050] The receivers 110a, 1105 are configured to simul-
taneously receive signals from plural transmitters among the
n transmitters. A global MIMO channel H=[h,, h,, . . ., h.]"
is thus created between the n transmitters and the K receiv-
ers, wherein h, represents the MIMO channel from the n
transmitters to the k-th receiver (1=k=K) among the K
receivers.

[0051] Let’s consider a symbol vector s, intended to the
k-th receiver among the K receivers and let’s denote s a
stacked vector s=[s,, S, . . . , sx]” that contains all data to
be transmitted by the n transmitters to the K receivers at a
given instant, wherein A7 represents the transpose of a
vector or matrix A.

[0052] For transmitting the stacked vector s to the K
receivers in a cooperative manner, the n transmitters jointly
apply the regularized zero-forcing precoder T, which implies
that a multi-user signal X is transmitted via the global MIMO
channel, as follows:

K
x=Ts= Ztksk
k=1

[0053] wherein T=[t, t,, . . . , tx]%, wherein t, represents
a beamforming vector implied by the precoder T to address
the k-th receiver (1=k<K) among the K receivers.

[0054] Considering an overall signal y=[y,, ya, - - - » Y&I©
received by the K receivers as a whole, the following
relationship can be expressed:

y=Hx+n'

[0055] which can also be expressed as follows:
V=P n’y

[0056] wherein y, represents the signal effectively

received by the k-th receiver (1=k=K) among the K receivers
when the vector s, was intended to said k-th receiver, and
wherein n'=[n'}, n's, . . ., n'x]” represents the additive noise,
independent of the transmitted vector x, with n', (1=<k=K)
representing the noise incurred by said k-th receiver during
the transmission of the vector x,, via the MIMO channel h,.
It has to be noted that the noise n has independent identically
distributed entries n',.

[0057] The parameters of the regularized zero-forcing
precoder T have to be optimized under the following power
constraint:

Trace(TT")=P

[0058] wherein P is the total transmit power for the n
transmitters as a whole.
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[0059] Optimization of the parameters of the regularized
zero-forcing precoder T is detailed hereinafter with regard to
FIGS. 3 to 6.

[0060] FIG. 1B schematically represents a second archi-
tecture of the wireless communication system 100 in which
the present invention may be implemented. The architecture
illustrated in FIG. 1B differs from the architecture illustrated
in FIG. 1A in that, in FIG. 1B, the wireless communication
system 100 further comprises a server 130. Instead of being
interconnected as shown in FIG. 1B, the transmitters 120a,
12056 are connected, as shown by respective links 1224,
12256 in FIG. 1B, so as to be able to transmit to the server 130
long-term statistics about transmission channel observations
and to receive from the server 130 the parameters of the
regularized zero-forcing precoder T to be respectively
applied by the transmitters 120a, 1205. The links 1224, 1225
can be wired or wireless.

[0061] The parameters of the regularized zero-forcing
precoder T are determined in a centralized fashion within the
wireless communication system illustrated in FIG. 1B, so
that the server 130 performs optimization of parameters of
the regularized zero-forcing precoder T, as detailed herein-
after with regard to FIGS. 3 to 5. Other parameters of the
regularized zero-forcing precoder T are then determined by
each one of the n transmitters on its own, as detailed
hereinafter with regard to FIG. 6.

[0062] FIG. 2 schematically represents an example of
hardware architecture of a communication device, as used in
the wireless communication system 100. The hardware
architecture illustratively shown in FIG. 2 can represent each
transmitter 120a, 1205 of the wireless communication sys-
tem 100 and/or each receiver 110a, 1105 of the wireless
communication system 100 and/or the server 130.

[0063] According to the shown architecture, the commu-
nication device comprises the following components inter-
connected by a communications bus 206: a processor,
microprocessor, microcontroller or CPU (Central Processing
Unit) 200; a RAM (Random-Access Memory) 201; a ROM
(Read-Only Memory) 202; an SD (Secure Digital) card
reader 203, or an HDD (Hard Disk Drive) or any other
device adapted to read information stored on a storage
medium; a first communication interface 204 and potentially
a second communication interface 205.

[0064] When the communication device represents one
receiver of the wireless communication system 100, the first
communication interface 204 enables the communication
device to receive data from the n transmitters via the global
MIMO channel H. The second communication interface 205
is not necessary in this case. The first communication
interface 204 further enables the communication device to
feed back channel state information to one or more trans-
mitter devices among the n transmitters.

[0065] When the communication device represents one
transmitter of the wireless communication system 100, the
first communication interface 204 enables the communica-
tion device to transmit data, via the global MIMO channel
H. The first communication interface 204 further enables the
communication device to receive channel state information
fed back by one or more receivers among the K receivers.
Moreover, according to the architecture shown in FIG. 1A,
the second communication interface 205 enables the com-
munication device to exchange data with one or more other
transmitters of the wireless communication system 100.
Finally, according to the architecture shown in FIG. 1B, the
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second communication interface 205 enables the communi-
cation device to exchange data with the server 130.

[0066] When the communication device represents the
server 130, the first communication interface 204 enables
the communication device to exchange data with any one of
the n transmitters of the wireless communication system
100. The second communication interface 205 is not nec-
essary in this case.

[0067] CPU 200 is capable of executing instructions
loaded into RAM 201 from ROM 202 or from an external
memory, such as an SD card. After the communication
device has been powered on, CPU 200 is capable of reading
instructions from RAM 201 and executing these instruc-
tions. The instructions form one computer program that
causes CPU 200 to perform some or all of the steps of the
algorithm described hereafter with respect to FIGS. 3 to 5.
[0068] Any and all steps of the algorithms described
hereafter with respect to FIGS. 3 to 5 may be implemented
in software by execution of a set of instructions or program
by a programmable computing machine, such as a PC
(Personal Computer), a DSP (Digital Signal Processor) or a
microcontroller; or else implemented in hardware by a
machine or a dedicated component, such as an FPGA
(Field-Programmable Gate Array) or an ASIC (Application-
Specific Integrated Circuit).

[0069] FIG. 3 schematically represents an algorithm for
jointly determining power scaling factors p, (j=1 to n) for
enabling configuring the regularized zero-forcing precoder T
intended to be applied for transmitting data, in a cooperative
manner, from the plurality of transmitters 120a, 1205 toward
the plurality of receivers 110a, 1105 in the wireless com-
munication system 100. The algorithm of FIG. 3 is per-
formed in parallel by each transmitter 120a, 1205 of the
wireless communication system 100 in the scope of the
architecture shown in FIG. 1A, and the algorithm of FIG. 3
is performed by the server 130 in the scope of the architec-
ture shown in FIG. 1B. Let’s illustratively consider that the
algorithm of FIG. 3 is performed by the transmitter 120a.
[0070] It is considered in the scope of the algorithm of
FIG. 3 that the regularized zero-forcing precoder T is defined
by regularization coeflicients ¢, with j=1 to n, which can be
represented by a stacked regularization coeflicients vector
o=loy, Ay, .o 0t ] 7 in addition to a set formed by the power
scaling factors p, with j=1 to n, which can be represented by
a stacked power scaling factors vector u=[p,, [, . . . , 1t,]
[0071] It is further considered in the scope of the algo-
rithm of FIG. 3 that the regularization coeflicients o, are
fixed. The regularization coeflicients o, are predetermined
according to a typical operational scheme (as known as
functional point) of the wireless communication system 100,
for example considering a predefined signal to noise ratio, or
predefined signal to noise plus interference ratio. The regu-
larization coeflicients e are, in a variant embodiment, pre-
determined using an optimization process, as described in
the document “Robust Regularized ZF in Decentralized
Broadcast Channel with Correlated CSI Noise”, Qianrui Li
et al, 53rd Annual Allerton Conference on Communication,
Control and Computing, 2015.

[0072] In a step S301, the transmitter 120a obtains long-
term statistics so as to allow the transmitter 120a to build
CSIT (Channel State Information at the Transmitter) related
long-term statistics enabling the transmitter 120a to obtain a
statistical view of the global MIMO channel H. The trans-
mitter 120a builds the CSIT from feedback CSI (Channel
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State Information) from one more receivers among the K
receivers, and/or channel estimation performed at said trans-
mitter 120a using a channel reciprocity property.
[0073] More particularly, said long-term statistics are:
[0074] o9, which is representative of the ratio between
the average power of the real MIMO channel from the
j-th transmitter among the n transmitters to the k-th
receiver among the K receivers and the average power
of an estimation noise in the CSIT obtained, at said j-th
transmitter, when estimating said MIMO channel from
said j-th transmitter to said k-th receiver;
[0075] ©,, which is a covariance matrix representative
of the covariance of the MIMO channel h,; and
[0076] p,Y/?, which is representative of a correlation
between q,% and q,Y”, wherein q,% (resp. q,Y%) is a
whitened estimation noise, obtained at the j-th trans-
mitter (resp. j'-th transmitter) among the n transmitters,
in the CSIT of the channel between said j-th transmitter
(resp. j'-th transmitter) and the k-th receiver among the
K receivers.
[0077] By denoting ﬁk(’) the CSIT at said j-th transmitter,
the following relationship can be expressed:

ilk(/):\/l -+, P89

[0078] wherein 8, represents an estimation error mostly
caused by a quantization of the MIMO channel h, by the k-th
receiver among the K receivers when transmitting the CSI
feedback to said j-th transmitter, and is decomposed as

. L
o0 = VI 02"

[0079] First, the covariance matrix ®, is directly estimated
at said k-th receiver from observations of the realization of
h, and is fed back to at least one transmitter such as said j-th
transmitter. Then, the long term statistics o, can be com-
puted as one minus the ratio between the variance of the
input of the quantization and the variance of the output of the
quantization. This can be determined at said k-th receiver
from several observations of the realizations of the MIMO
channel h, and fed back to said j-th transmitter, or computed
at said j-th transmitter, which also knows the quantization
properties, by using a training set of inputs of the quanti-
zation, with the same distribution as hk Finally, the variable
q.? can be computed at said k-th receiver from the knowl-
edge of h,, 1, and ©,. The same process of course applies
for q,Y? with respect to the j-th transmitter among the n
transmitters. In a first approach, the variables g, and q,%”
are fed back to both j-th and j'-th transmitters, which allows
them to compute the correlation p,Y7? between g, and
q.””. In another approach, the properties of the quantization
from said k-th receiver to said j-th and j'-th transmitter have
to be known by said j-th transmitter, and said j-th transmitter
can use a training set on h, for both quantization in order
evaluate the correlation p,Y”” from the knowledge of ©,,
o,¥ and 0,Y”. First, the j-th transmitter generates a random
realization of h, according to its distribution which at least
depends on ©,, then, by knowing o, and the quantization
from the k-th receiver to the j-th transmitter, the j-th trans-
mitter can evaluate the quantized version h,”” and compute

0,98, from which the j-th transmitter can compute q,%.
The j-th transmitter applies the same process for q,Y” and
can evaluate p,Y”? by repeating these operations several
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times and estimating the correlation between the realizations
of q,” and q,”°. Yet another approach is that the correlation
0777 between q, and q,”” is computed by said k-th
receiver and then fed back to said j-th and j'-th transmitters.

[0080] Then, each transmitter provide at least part of said
long-term statistics to the other transmitters of the wireless
communication system 100 (in the scope of the architecture
of FIG. 1A), such that all the transmitters 120a, 1205 of the
wireless communications system 100 share the same knowl-
edge on said long-term statistics. In the scope of the archi-
tecture of FIG. 1B, each transmitter provide at least part of
said long-term statistics to the server 130, such that said
long-term statistics are entirely known to the server 130.

[0081] In a following step S302, the transmitter 120a
obtains the power scaling factors vector p by solving an
optimization problem that can be formulated as a function of
an asymptotic expression SINR . ° of the signal to noise ratio
from the standpoint of each receiver (as identified by the
index k taking the values from 1 to K), as follows, wherein
w* represents the optimized power scaling factors vector L.

K
W= argmaxz log(1 + SINRY)
=

such that

B
0 M

J=1

[0082]
lows:

wherein EfEC M is a matrix defined as fol-

to
B3 = Ont e -100 pyp It s Ontpspnappity

[0083] wherein 1, is an identity matrix or sub-matrix of
size Z and O, ;. is a null sub-matrix of size ZxW,

[0084] wherein the asymptotic expression SINR,® of the
signal to noise ratio from the standpoint of the k-th receiver
among the K receivers of the wireless communication
system 100 is expressed as follows:

2

E u; CBJIZ P
/ ro ) 1+m

1+17

SINRS =

[0085] wherein I,°ER is expressed as follows:

K=
Hiky
P S

;JZ:‘ NS0T ()
(OS] Gid") (J) (J)

Cqu)/k CoxCox + LK
— Py, k—(l D)1 +m(1/))

[ro /(Ep EVOuESE}) — 2% 4 (04 ESE)

1+my
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[0086]
follows:

wherein I, ;*: C > C is a function defined as

2, (X)=

(\/ (J,)(cgjk) +4/ c(lj,)(c(lj ) (“ )) — Trace| G)kQ(f )XQ(J))
+

M — (1 +mm)(1 +m(J ))

(OS] W G G T fe) Q XQ
COJkCOJk + Cljkclj JJ )yjj & ( k 5" (J))
MZ

(1 +mm)(1 +m(J ))

with cm =1- (o',((j))2

and c(lj,)( = (o',((j))2

. . N2
and c(zj,)( = o',((J) 1- (o',((ﬂ)

wherein
X -1
0y = [%Z %;I((J) + ozle]
k=1
wherein

I'e -1
; 1 1 [C)
m;(ﬂ = —Tracel Oy — = +a;ly
M M 1 +m§/)
=1

[0087] wherein y, ., (with k=1, , K) is the k-th entry
of the vector y, &£C ! which is such that:

U= yy=bly

[0088] wherein A", £C**¥ is a matrix having an entry at
each index 1, t equal to:

(\/ Dty / DD i )) Trace(®,070,0)

5o ](’ (1 +mm)(1 +m(J )) M

[0089] b, '=C &1 a vector having an entry at each index
1 equal to

Z { Bjr) OJ) { (J) (J ) pgjj ) Trace o) Q(_/ )G)(Q(_/))

(
1+mm 1+m(1/)) M
[0090]

and wherein ®, ,ER is defined as follows:

Trace(@k EjEj- Qf,j))
METTT
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[0091] The aforementioned optimal power scaling vector
¥ can be reformulated as:

K

T
A
#* = max log[l + M]
P Z 1

- = +u’B
k=1 P u' By

[0092] such that |Cul>=1, pER "

[0093] wherein ||Z||- represents the Frobenius norm, i.e.
the square root of the sum of the square values of the
coeflicients of Z,

[0094] wherein A, is representative of the channel on
which are carried symbols intended to the k-th receiver
among the K receivers from a long term and asymptotic
perspective, B, is representative of the channel on which are
carried symbols intended to all receivers but the k-th
receiver and generating interference with symbols intended
to said k-th receiver from a long term and asymptotic
perspective, and C is representative of the power constraint,
[0095] and A, is a constant matrix having an entry at each
index j,j' equal to:

) (" q)jkq)"
[Agd; y = -
k) 0S40 5 Un) (1 +m,((J))(1 +m(J ))

[0096] and B, is a constant matrix having an entry at each
index j,j' equal to:

1

NITRT AT,
(7))
Co{k (I>j/yk

o o i+
[r (B EL O EE]) - 2Re{rj,j,(®kEjEj)}1+m2j,)

[Bk]j,j’ =

J) + ol

@y ®inY)j W

C = dia Cia(EiED e LB
T 1Um) 9 ,(Iu)

[0097] wherein Re{X} represents the real part of the
complex input. X, and diag( ) is a function that forms a
diagonal matrix of size Z when Z entries are input to said
function.

[0098] In a following step S303, the transmitter 120a
enables configuring the regularized zero-forcing precoder T,
for what concerns the transmitter 120qa, with the regulariza-
tion coeflicients o, and with the power scaling factor p, as
obtained by the optimization performed in the step S302,
with j representing the transmitter 120a among the trans-
mitters of the wireless communication system 100. When
the algorithm of FIG. 3 is performed by the server 130, the
server 130 transmits to each transmitter of the wireless
communication system 100 the regularization coeflicients o,
and the power scaling factor p, as obtained by the optimi-

(") (J) (J )]
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zation performed in the step S302, with j representing said
transmitter among the transmitters of the wireless commu-
nication system 100; each transmitter then enables config-
uring the regularized zero-forcing precoder T, for what
concerns said transmitter, with the regularization coefficients
o, and with the power scaling factor p provided by the server
130. Effective configuration of the regularized zero-forcing
precoder T is detailed hereafter with regard to FIG. 6.
[0099] The algorithm of FIG. 3 is preferably repeated
when the long-term statistics, as depicted with regard to the
step S301, evolve.

[0100] FIG. 4 schematically represents an algorithm for
determining the power scaling factors vector i in the scope
of the algorithm of FIG. 3, in a particular embodiment of the
present invention. Let’s illustratively consider that the algo-
rithm of FIG. 5 is performed by the transmitter 120a.
[0101] In the following, the notation v} represents the
value of v at the iteration z of a loop in which convergence
of the value of v is sought.

[0102] In a step S401, the transmitter 120¢ initializes pt’
with default values, e.g. the same value for each entry, such
that [|Cul®)||*=1, and further sets a local variable t to the value
“0”.

[0103] In a following step S402, the transmitter 120a
computes r,(u) as follows:

%, + () B!
Rh=—%2_ vk
1
=+ (T (Ay + But!
P
[0104] In a following step S403, the transmitter 120a

initializes wl®! with default values, e.g. the same value for
each entry, such that |[CwI¥|?=1, and sets a local variable i
to the value “0”.

[0105] In a following step S404, the transmitter 120a
computes B, as follows:

11 .
_(_ + (W[rl)TBka)
r (P

A - ;
T .
5+ 0T (4 + Bl

[0106]
lows:

and the transmitter 120a computes 1,1 as fol-

; 1
uftl =

1 . .
B+ 0T (A + Bowl

[0107]
lows:

and the transmitter 120a computes w*'1 as fol-

Wil =
K 1

. 1 ; 1
. 1 1
wemind ol (o (B - A7 4o

[0108] such that [[CwE!P<1.
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[0109] This step can be solved by using a semi-definite
programming relaxation and the results from Shapiro-Barvi-
nok-Pataki in “On the Rank of Extreme Matrices in Semi-
definite Programs and the Multiplicity of Optimal Eigenval-
ues”, Mathematics of Operations Research, 23(2):339-358,
by G. Pataki, the new optimization problem being relaxed in
the sense that the matrix W' is computed by performing
the following optimization:

K

Wi+ — argminz A
L)

1

(%ﬂ[r]) (% + Trace(By W)) _ﬁll(iﬂl '(;’ + Trace((A; + Bk)w)))

[0110] such that Trace(C*CW)=1 and W is positive semi-
definite.
[0111] Then, wi™*!! can be found from W+ by using an

singular value decomposition (SVD), further by selecting
the highest singular value s of W' and its associated
eigenvector w', and further by setting wi*''=/sw'. Another
approach is to compute the Choleski decomposition W+
=W'W'T 50 as to obtain W' for finally obtaining wi*H=1_
»W' wherein 1,,,, is a row matrix of size n filled with values
equal to “1”.

[0112] In a following step S405, the transmitter 120a
increments the local variable 1 by one unit.

[0113] In a following step S406, the transmitter 120a
checks whether convergence has been reached with respect
to wil. If such convergence has been reached, a step S407
is performed; otherwise, the step S404 is repeated.

[0114] _
value of wll to

[0115] In a following step S408, the transmitter 120a
increments the local variable t by one unit.

[0116] In a following step S409, the transmitter 120a
checks whether convergence has been reached with respect
to ul. If such convergence has been reached, a step S410 is
performed; otherwise, the step S402 is repeated.

[0117] In the step S410, the transmitter 120a considers,
with pufd, having obtained the appropriate value p* of the
power scaling factors vector L.

[0118] FIG. 5 schematically represents an algorithm for
jointly determining the power scaling factors p; (j=1 to n)
and the regularization coeflicients a; (j=1 to n) for enabling
configuring the regularized zero-forcing precoder T intended
to be applied for transmitting data, in a cooperative manner,
from the plurality of transmitters 120a, 1205 toward the
plurality of receivers 110a, 1105 in the wireless communi-
cation system 100. The algorithm of FIG. 5 is an alternative
with respect to the algorithm of FIG. 3. The algorithm of
FIG. 5 differs from the algorithm of FIG. 3 in that the
regularization coeflicients o, are, in the algorithm of FIG. 5,
jointly optimized with the power scaling factors p,. The
algorithm of FIG. 5 is performed in parallel by each trans-
mitter 120a, 1205 of the wireless communication system
100 in the scope of the architecture shown in FIG. 1A, and
the algorithm of FIG. 5 is performed by the server 130 in the
scope of the architecture shown in FIG. 1B. Let’s illustra-
tively consider that the algorithm of FIG. 5 is performed by
the transmitter 120a.

Ixn

In the step S407, the transmitter 120a assigns the

[z+1]
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[0119] In a step S501, the transmitter 120a obtains long-
term statistics, as in the step S301 described hereinbefore
with regard to FIG. 3.

[0120] In a following step S502, the transmitter 120a
jointly obtains the power scaling factors vector p and the
regularization coefficients vector a by solving an optimiza-
tion problem that can be formulated as a function of the
asymptotic expression SINR,” of the signal to noise ratio
from the standpoint of each receiver (as identified by the
index k taking the values from 1 to K), as follows, wherein
o represents the optimized regularization coefficients vec-
tor o

(a*, w") = argmaxz log(1 + SINRY)
@) o

such that

Z":ﬂz CUEE)
AVIERSF U

J=1

[0121] The aforementioned optimal power scaling factors
and regularization coefficients joint optimization can be
reformulated as:

K
(a*, w") = maxmaxz log(1 + SINRY)
a =

such that

)
SRV

=

[0122] In a particular embodiment, it means firstly apply-
ing the regularization coefficients optimization as described
in the already-mentioned document “Robust Regularized ZF
in Decentralized Broadcast Channel with Correlated CSI
Noise”, Qianrui Li et al, 53rd Annual Allerton Conference on
Communication, Control and Computing, 2015, then apply-
ing the power scaling vector optimization described herein-
before with regard to FIG. 3, then reiterating said regular-
ization coefficients optimization, and again applying the
power scaling vector optimization described hereinbefore
with regard to FIG. 3, and so on until convergence. It has to
be noted that, so as to apply the regularization coefficients
optimization as described in said document, the channel
matrix H defined in said document is replaced by HAp,
wherein Ap is equivalent to a block diagonal matrix, each
block being of size M;yxM such that, considering any j-th
block of said block diagonal matrix, said block is equivalent
to the identity matrix I, tlmes the power scaling factor .

[0123] In a followmg step S503, the transmitter 120a
enables configuring the regularized zero-forcing precoder T,
for what concerns the transmitter 120a, with the regulariza-
tion coeflicients o, and with the power scaling factor w, both
as obtained by the joint optimization performed in the step
S502, with j representing the transmitter 120a among the
transmitters of the wireless communication system 100.
When the algorithm of FIG. 5 is performed by the server
130, the server 130 transmits to each transmitter of the
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wireless communication system 100 the regularization coef-
ficients c; and the power scaling factor , both as obtained
by the joint optimization performed in the step S502, with j
representing said transmitter among the transmitters of the
wireless communication system 100; each transmitter of the
wireless communication system 100 then enables configur-
ing the regularized zero-forcing precoder T, for what con-
cerns said transmitter, with the regularization coeflicients o,
and with the power scaling factor as provided by the server
130. Effective configuration of the regularized zero-forcing
precoder T is detailed hereafter with regard to FIG. 6.

[0124] The algorithm of FIG. 5 is preferably repeated
when the long-term statistics, as depicted with regard to the
step S501, evolve.

[0125] FIG. 6 schematically represents an algorithm for
configuring the regularized zero-forcing precoder T for
transmitting data, in a cooperative manner, from the plurality
of transmitters 120a, 1205 toward the plurality of receivers
1104, 1104 in the wireless communication system 100. The
algorithm of FIG. 6 is performed, independently, by each
transmitter 120a, 1205 of the wireless communication sys-
tem 100. Let’s illustratively consider that the algorithm of
FIG. 5 is performed by the transmitter 120a.

[0126] In a step S601, the transmitter 120a obtains short-
term CSIT representative of the MIMO channel H so as to
obtain an estimation I of the effective MIMO channel H.
Since quantization exists when the receivers 110a, 1105
transmit feedback CSI to the transmitters 120a, 1205, and
since each transmitter may not be able to receive feedback
CSI from any receiver in the wireless communication sys-
tem 100, the transmitters 120a, 1205 might have respective
estimations H? of the effective MIMO channel H which are
different from each other. It has to be noted that, contrary to
the scope of the algorithms of FIGS. 3 and 5 wherein
long-term CSIT statistics are used, short-term CSIT is used
within the scope of the algorithm of FIG. 6 so as to attempt
for each transmitter to obtain an estimation estimations H"
that is as close as possible to the effective MIMO channel H.

[0127] In a following step S602, the transmitter 120a
checks whether the short-term CSIT information obtained in
the step S601 shows modification of the MIMO channel H,
i.e. checks whether the estimation H of the effective MIMO
channel H has changed. from the preceding iteration of the
step S601. When the short-term CSIT information obtained
in the step S601 shows modification of the MIMO channel
H (and of course at the very first occurrence of the step
S602), a step S603 is performed; otherwise, the step S601 is
repeated once up-to-date CSI is fed back by at least one
receiver of the wireless communication system 100.

[0128] In the step S603, the transmitter 120a determines
the parameters of the regularized zero-forcing precoder T as
follows:

9 = ﬂE*[((H VEY + Moy ) Y .

NP
)

[0129] wherein Tj(’) represents the parameters of the regu-
larized zero-forcing precoder T which have to be applied by
the transmitter 120a (as represented by the index j), as
determined by the transmitter 120a (as represented by the
index j),
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[0130] and wherein WY is a power normalization scalar
defined as follows:

WO|(@PP AP+ Myl ) @A

[0131] In the following step S604, the transmitter 120a
configures the regularized zero-forcing precoder T, for what
concerns the transmitter 120a with the parameters deter-
mined in the step S602. The transmissions from the trans-
mitters 120a, 1205 to the receivers 110a, 1105 are then
performed by using the regularized zero-forcing precoder as
configured in the step S604. Then the step S601 is repeated
so as to obtain short-term CSIT.

1. A method for determining parameters for configuring a
regularized zero-forcing precoder T aiming at being applied
for transmitting data from a plurality of n transmitters to a
plurality of K receivers via a Multiple-Input Multiple Output
MIMO transmission channel in a wireless communication
system, each transmitter having a quantity M of transmit
antennas, each receiver having a single receive antenna,
K=nM, =M, characterized in that the method comprises a
first phase comprising:

obtaining long-term statistics about observations of the

MIMO transmission channel as follows, for any and all

j-th transmitter among the n transmitters and any and

all k-th receiver among the K receivers:

o,¥, which is representative of a ratio between an
average power of the MIMO channel from said j-th
transmitter to said k-th receiver and an average
power of an estimation noise in Channel State Infor-
mation at Transmitter CSIT obtained, at said j-th
transmitter, when estimating the MIMO channel
from said j-th transmitter to said k-th receiver;

0,, which is a covariance matrix of the MIMO channel
from said plurality of transmitters toward said k-th
receiver; and

p,Y7%, which is representative of a correlation between
q.” and q,¥?, wherein g, is a whitened estimation
noise, obtained at the j-th transmitter, in the CSIT of
the MIMO channel between said j-th transmitter and
said k-th receiver, and wherein q,¥” is a whitened
estimation noise, obtained at the j'-th transmitter, in
the CSIT of the MIMO channel between said j'-th
transmitter and said k-th receiver;

obtaining a power scaling factors vector p* gathering

power scaling factors p, for any and all j-th transmitter

among the n transmitters and aiming at meeting a

power constraint P, by solving an optimization problem

as a function of a signal to noise ratio asymptotic
expression SINR,? from the standpoint of each receiver
as follows:

K
wo= argmaxz log(1 + SINRY)
=

such that

2 o i+
Z 2 DEE) _ |
2 KT )

J=1

wherein EjTEC MM is g matrix defined as follows:

to
E5 = Onsryoxg- vty It o Ontpxcnaia

Dec. 27,2018

wherein the notation [, means an identity matrix or
sub-matrix of size Z and the notation O, ;- means a
null sub-matrix of size ZxW,

wherein the asymptotic expression SINR,° of the signal to
noise ratio from the standpoint of any k-th receiver
among the K receivers is as follows:

/)
i Dy

r‘},j(lM) 1+ m;(j)

SINRS =
« 1+17

wherein [,° is as follows:

Kty
E=pP A

;JZ; T30 ()

oy,
+ + AN
9 (Ep, ELOEEY) - 25 , (O E,E}) .

p
+ m,((J )

(HITS! (IN Q]
CoxCox + LK

(L+mD) L m)

(HIR0S!
. .D C3kC2k
ik Lik Yk

wherein L2 is a function defined as follows:

l"‘J’.yj/(X) =

+

I'e - = — i 1 M A
o (Ve + TR ) Traccfs 0 x01)
W)

k=1

(L +mP )1 +m0)

—— — 2
1 ZK: (V CE)J,IICEJJ,/Z) +v C(ljllc(ljli) P/ij'/)) Vi k %Trace(@)ngj/)XQLj))
M - (1+ M,fj))(l + m,((j/))
with CB{,)( =1- (o',((j))2

and c(lj,)( = (o',((j))2

. . 2
and c(zj,)( = o',((J) 1- (o',((ﬂ)

X -1
. 1 G,
wherein Q%) = | — I ajily
¢ M 1 +m,((J) !

k=1

X -1
o1 1 O,
wherein my;”’ = MTrace (O i ﬁ +a;ly
T +my

wherein o, is a regularization coeflicient of the regularized
zero-forcing precoder T,

wherein vy, ., (with k=1, . . ., K) is the k-th entry of the
vector y,,£C** which is such that:

=A% v=b
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wherein A", £C <K is a matrix having an entry at each
index 1, t equal to:

" (\/ G 4 / e pgjn) Trace(®,070,0)
.

P ](’,r (1 +m(1))(1 +m(J )) M

wherein b', . is a vector having an entry at each index 1
equal to

Z /CBJI)CBJ ) / (J) (J ) JJ ") Trace () Q(J )@(Q(J))

1+mm 1+m(1/)) M
and wherein @, is defined as follows:

Trace(@k EjEj- Qf,j))
T

and in that the method further comprises a second phase,
performed independently by any and all transmitters of
said plurality of n transmitters, comprising:

obtaining an estimation H? of the MIMO transmission
channel from the standpoint of each j-th transmitter of
said plurality of n transmitters;

configuring the regularized zero-forcing precoder T as
follows:

NN \/—]

h AN T A
T}J):ﬂjEj[((H YHY + Magly ) i) -

wherein Tj(’) represents the parameters of the regularized
zero-forcing precoder T which have to be applied by
said j-th transmitter,

and wherein WY is a power normalization scalar defined
as follows:

WO=|(APY B+ Moyl (HOV |2
wherein , results from the execution of the first phase.
2. The method according to claim 1, characterized in that
solving the optimization problem as a function of the signal

to noise ratio asymptotic expression SINR,” from the stand-
point of each receiver consists in solving:

such that ||Cyl|;>=

wherein A, is representative of a channel on which are
carried symbols intended to the k-th receiver among the
K receivers from a long term and asymptotic perspec-
tive, B, is representative of the channel on which are
carried symbols intended to all receivers but said k-th
receiver and generating interference with symbols
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intended to said k-th receiver from a long term and
asymptotic perspective, and C is representative of the
power constraint,

and A, is a constant matrix having an entry at each index
j,J' equal to:

&) (j’) O,,0,,
45 S

Aeliv =
(el “(IM)F‘]/ 200 (L+mPY L+ m)

and B, is a constant matrix having an entry at each index
j,J' equal to:

1

A ———
Y T )

N,
)= 2Re(rY p(Ou )| Lk
1+my

i+
[rj.,j, (Ej, E}, OLEE

CBJI)( ng ) +p,((JJ ) (J) (J )

W
e r¢,(EE]) r2,(EE)
TN T T T,

wherein Re{X} represents the real part of the complex
input X, and diag( ) is a function that forms a diagonal
matrix of size Z when Z entries are input to said
function.
3. The method according to claim 1, characterized in that
the regularization coeflicient c; is jointly optimized with the
power scaling factor p; by solving:

@k Pin¥j g

(", 1) = argmaxz log(1 + SINRY)
@ =1

such that

L T5EED)
2 g _
Z"f o
=1

=

wherein a* is a regularization coefficients vector gather-
ing the regularization coeflicients o; for any and all j-th
transmitter among the n transmitters.

4. The method according to claim 1, characterized in that
the first phase is implemented in a distributed fashion by any
and all transmitter of said plurality of transmitters, and in
that said plurality of transmitters shares said long-term
statistics.

5. The method according to claim 1, characterized in that
a server obtains said long-term statistics from said plurality
of transmitters and the server implements said first phase on
behalf of any and all transmitters of said plurality of trans-
mitters.

6. (canceled)

7. Non-transitory information storage medium, character-
ized in that it stores a computer program comprising pro-
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gram code instructions which can be loaded in a program-
mable device for implementing the method according to
claim 1, when the program code instructions are run by the
programmable device.

8. A wireless communication system configured for deter-
mining parameters for configuring a regularized zero-forc-
ing precoder T aiming at being applied for transmitting data
from a plurality of n transmitters to a plurality of K receivers
via a Multiple-Input Multiple Output MIMO transmission
channel in the wireless communication system, each trans-
mitter having a quantity M of transmit antennas, each
receiver having a single receive antenna, K=nM ,.=M, char-
acterized in that the wireless communication system com-
prises a processor to execute a program; and a memory to
store the program which, when executed by the processor,
performs a process of,

implementing a first phase comprising:

obtaining long-term statistics about observations of the

MIMO transmission channel as follows, for any and all

j-th transmitter among the n transmitters and any and

all k-th receiver among the K receivers:

o,¥, which is representative of a ratio between an
average power of the MIMO channel from said j-th
transmitter to said k-th receiver and an average
power of an estimation noise in Channel State Infor-
mation at Transmitter CSIT obtained, at said j-th
transmitter, when estimating the MIMO channel
from said j-th transmitter to said k-th receiver;

0,, which is a covariance matrix of the MIMO channel
from said plurality of transmitters toward said k-th
receiver; and

p,Y7%, which is representative of a correlation between
q.” and q,¥?, wherein g, is a whitened estimation
noise, obtained at the j-th transmitter, in the CSIT of
the MIMO channel between said j-th transmitter and
said k-th receiver, and wherein q,¥” is a whitened
estimation noise, obtained at the j'-th transmitter, in
the CSIT of the MIMO channel between said j'-th
transmitter and said k-th receiver;

obtaining a power scaling factors vector p* gathering
power scaling factors p, for any and all j-th transmitter
among the n transmitters and aiming at meeting a
power constraint P, by solving an optimization problem
as a function of a signal to noise ratio asymptotic
expression SINR,? from the standpoint of each receiver
as follows:

K
wo= argmaxz log(1 + SINRY)
=i

such that

Z":ﬂz UEE) |
7" ()

J=1

wherein EjTEC MM is g matrix defined as follows:
EjT:[OMTXX(/*I)MTX’IMT)POMTXX("*J'WTX]

wherein the notation I, means an identity matrix or
sub-matrix of size Z and the notation O, ;- means a
null sub-matrix of size ZxW,
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wherein the asymptotic expression SINR,? of the signal to
noise ratio from the standpoint of any k-th receiver
among the K receivers is as follows:

)
Co Dy
03,0u) 1+m?

1+

wherein [,° is as follows:

"
P=p E E L A—
L £ TS 0T, )

Dy,
+ + + g
T% (B E O EE}) = 215 (O EEj ) ——
1+my

CBJI)( ng ) +p(JJ ) (J) (J )

@y @iy ph————
ik PikY i ok (1 +m,((J))(1 +m(J ))

wherein r. ? is a function defined as follows:

I (%) =
f CE)JI)( ngk) - m (J b pid )) Trace(® " x09)
+—
MZ (1 +mm)(1 +m(J )) M
( lcgjzcgjk) " C(IJI)(C(IJI() p,((JJ ) Yirk — Trace(ng(J )XQ(J))
k:l (1 +m,((”)(1 +m,((J ))
with

&) =1 (0

and
= el

and

()} (M2
Cip =0 1- (o’k )

wherein
I'e —1
; 1 O
oV == Y —— 4oy
V(5 Temp
k=1
wherein

X -1
o 1 1 &
my” = —Trace] O — — +a;ly
M M 1 +mgj)

wherein o, is a regularization coeflicient of the regularized
zero-forcing precoder T,

wherein v, ., (with k=1, , K) is the k-th entry of the
vector vy, okl Wthh is such that:

=A% v=b
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wherein A", £C <K is a matrix having an entry at each
index 1, t equal to:

( { (J) (J) { (J) (J) (JJ))

(1 +mm)(1 +m(J ))

Trace ®r Q(J )@lQ(J))
M

[A}vf/ ]l,r

wherein b', ., is a vector having an entry at each index I
equal to

") ()] ( ’) ’) i’ j
Zx/cof,cof, +Velhetly o) Trace(:,05"0108)

1+m(1) 1+m(] )) M

and wherein @, is defined as follows:

Trace(@k EjEj- Qf,j))
Cpu=———
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and in that the memory stores the program which, when
executed by the processor, further performs a process
of,

implementing a second phase, performed independently
by any and all transmitters of said plurality of n
transmitters, comprlslng

obtaining an estimation H” of the MIMO transmission
channel from the standpoint of each j-th transmitter of
said plurality of n transmitters;

configuring the regularized zero-forcing precoder T as
follows:

T(J) P ET[((IEI(J)) [51(1) +M%1M)

( L ' VP ]
VO

wherein Tj(’) represents the parameters of the regularized
zero-forcing precoder T which have to be applied by
said j-th transmitter,

and wherein W% is a power normalization scalar defined
as follows:
WA@Y A +Moyl,) ™ (H) |2

wherein W, results from the execution of the first phase.

#* #* #* #* #*



