
US 20180375548A1 
( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2018 / 0375548 A1 

LI et al . ( 43 ) Pub . Date : Dec . 27 , 2018 

( 54 ) METHOD FOR DETERMINING 
PARAMETERS FOR CONFIGURING 
REGULARIZED ZERO - FORCING 
PRECODER 

Publication Classification 
( 51 ) Int . Cl . 

H04B 77024 ( 2006 . 01 ) 
H04B 7 / 0456 ( 2006 . 01 ) 
H04B 7 / 06 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . . . . . H04B 77024 ( 2013 . 01 ) ; H04B 7 / 0626 

( 2013 . 01 ) ; H04B 770456 ( 2013 . 01 ) 

( 71 ) Applicant : MITSUBISHI ELECTRIC 
CORPORATION , Tokyo ( JP ) 

( 72 ) Inventors : Qianrui LI , Rennes ( FR ) ; Nicolas 
GRESSET , Rennes ( FR ) ; David 
GESBERT , Rennes ( FR ) ; Paul DE 
KERRET , Rennes ( FR ) 

( 73 ) Assignee : MITSUBISHI ELECTRIC 
CORPORATION , Tokyo ( JP ) 

( 21 ) Appl . No . : 16 / 062 , 260 
Jan . 30 , 2017 ( 22 ) PCT Filed : 

( 86 ) PCT No . : 
$ 371 ( c ) ( 1 ) , 
( 2 ) Date : 

( 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 . 

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 Mix of transmit 
antennas , each receiver having a single receive antenna , 
KsnMix = 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 ] 0 , " ) , 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 ] P20 : , which is representative of a correlation 
between q ” and qx ? " ) , wherein q2 " ) is a whitened 
estimation noise , obtained at the i - th transmitter , in the 
CSIT of the MIMO channel between said j - th trans 
mitter and said k - th receiver , and wherein 90 is a 
whitened estimation noise , obtained at the j ' - th trans 
mitter , in the CSIT of the MIMO channel between said 
i ' - th transmitter and said k - th receiver ; 

[ 0009 ] The first phase further comprises : obtaining a 
power scaling factors vector u * gathering power scaling 
factors ; 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 : 

SUMMARY OF INVENTION 

ut = argmax log ( 1 + SINR ) such that 
hul k = 1 

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 . 

j = 1 

[ 0010 ] wherein E , EC MIXXM is a matrix defined as fol 
lows : 

E , T = COM [ xx0 = 1Mpx Imagpº Maty < ( n = ) Myx ] 
[ 0011 ] wherein the notation Iz means an identity matrix or 
sub - matrix of size Z and the notation Ozxw 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 : 

Cook 

Solution to Problem 
[ 0004 ] It is 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 

J = 1 

SINR = 1 + 1 
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[ 0013 ] wherein 13° is as follows : 
i B ; s le = M 

Ve C + VOCE PLUI " Trace ( 0 , 2 % " 0 , 0 ! " ) 
M ( 1 + m© ) ( 1 + m " ) 

ni = P Er ( E - E , 0xE ; E ; ) - - V5 ; . ; ( IM ) Py ; ( IM ) 
[ 0019 ] and wherein Ojk is defined as follows : 

213 , ( . ) , Trace?OfE ; E ; 0 % " ) Dink = - 
0 ) U ' ) ( , 1 ) 0 ) ) 

COK COK + Pk C2 , C2 , k 0 ; , 0j , kYj , j , k * ( 1 + mg ) ( 1 + m ! " ) ) 

[ 0014 ] wherein T , is a function defined as follows : 

[ 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 : V ; ( X ) = 

0 ) U ' ) ( 1 ) ; 1 
IV COK Cok + 1 + Viki , k Pk Yo no M - + 

OY1 tmk ) + mk ( 2 + m ) 19 : " xQM ) , k = 1 Tag = w ; f { ( 4 % ) * £ % + Masto ) " cing Team ) 
V CO , CO , k Vir K 

1 . 0 ) ) 6 , 7 
V C1 , C1 , k PK + 

0 71 
ik N k = 1 

( Veebel + velice ou " ) Poskop Trace ( 0 , Q . ! " xQ ? ) 
ME ( + m { " ) [ 1 + m { " ) 

with co = 1 - form ) and 
e a fogy and they are in - 

[ 0021 ] wherein T , ) represents the parameters of the regu 
larized zero - forcing precoder T which have to be applied by 
said j - th transmitter , 
[ 0022 ] and wherein yo ) is a power normalization scalar 
defined as follows : 

YU = ( ( ATO ) ) FAU + MQ ; IM ) - ' ( AU ) FILE 
= lokan C2 = OR 0 

wherein 

0 - 4 
[ 0023 ] wherein ; results from the execution of the first 
phase . 

MZ 1 + 
k = 1 

wherein 

K 

Ira 

[ 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 SINRkº from the standpoint of each 
receiver consists in solving : 

= 1 

[ 0015 ] wherein a , is a regularization coefficient of the 
regularized zero - forcing precoder T , 
[ 0016 ] wherein Yilk ( with k = 1 , . . . , K ) is the k - th entry 
of the vector Y , EC Kxl which is such that : 

( I - A ' ; j » ) y = b ' ; v Siti u u * = max log 1 

k = l + MTBkle 
[ 0017 ] wherein A ' ; EC KXK is a matrix having an entry at 
each index 1 , t equal to : 

0 ) ( 1 ) ) 

[ Av . = ( VCE part ) Trace ( 0 , 2 % ; " 0 , 2 % ) 
M ( 1 + m ? " ) ( 1 + m ! ! ' 

[ 0026 ] such that | | Cull + 2 = 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 , 

[ 0018 ] wherein bij , is a vector having an entry at each 
index 1 equal to 
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[ 0028 ] and Az is a constant matrix having an entry at each 
index jj ' equal to : 

COCOK [ Aklj , ' = V 19 . j ( lm % , j ( IM ) ( 1 + m ) ( 1 + m / " ) 

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

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 . 
100371 . 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 . 

[ Bk ] j , j ' = T 19 , ; ( IM ) 0 % , ; ( IM ) 
T . 0 , k ik ( 15 ; ( 5 , , 0 , E E ) – RefCºs ( 6 . 5 . 15 ) + 

0 ) ) , ( 1 , 7 ) ( ) ( ) 
COK COK + Pk C2 , C2 , k kj , kYj , j , k - 

* * * ( 1 + i ) ( 1 + me ! " ) 
To 

C = diag 

[ 0030 ] 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 . 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 
coefficient a ; is jointly optimized with the power scaling 
factor u ; by solving : tom 

( a * , 4 * ) = argmax ) log ( 1 + SINRE ) 
( a , ju ) k = 1 

such that 

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 . 
00391 . 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 coefficients 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 . 

= 1 

j = 1 

[ 0032 ] wherein a * is a regularization coefficients vector 
gathering the regularization coefficients a , for any and all 
j - th transmitter among the n transmitters . Thus , by relying on 
jointly optimized regularization coefficient a ; and power 
scaling factor u ; 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 . 
[ 00341 According to a particular feature , a server obtains 
said long - term statistics from said plurality of transmitters 

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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110a , 110b , it then means that the total quantity M of 
transmit antennas in the wireless communication system 100 
equals to nMyx and the total quantity of receive antennas in 
the wireless communication system 100 equals to K . The 
ratio ß 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 : 

M 
D1 

[ 0050 ] The receivers 110a , 110b are configured to simul 
taneously receive signals from plural transmitters among the 
n transmitters . A global MIMO channel H = [ h1 , h2 , . . . , hx ] * 
is thus created between the n transmitters and the K receiv 
ers , wherein hf represents the MIMO channel from the n 
transmitters to the k - th receiver ( 1 sksK ) among the K 
receivers . 
[ 0051 ] Let ' s consider a symbol vector Sk intended to the 
k - th receiver among the K receivers and let ' s denote s a 
stacked vector s = [ S1 , S2 , . . . , Sx ] that contains all data to 
be transmitted by the n transmitters to the K receivers at a 
given instant , wherein A ? 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 : 

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 , 120b of which 
being represented in FIG . 1A . The wireless communication 
system 100 further comprises a plurality of receivers , two 
110a , 110b of which being represented in FIG . 1A . For 
instance , the transmitters 120a , 120b are access points or 
base stations of a wireless telecommunications network , and 
the receivers 110a , 110b are mobile terminals having access 
to the wireless telecommunications network via said access 
points or base stations . The transmitters 120a , 120b coop 
erate with each other in order to improve performance when 
performing transmissions from the plurality of transmitters 
120a , 120b toward the plurality of receivers 110a , 110b via 
wireless links 111a , 1116 , 111c , 111d . The wireless link 111a 
represents the transmission channel from the transmitter 
120a to the receiver 110a , the wireless link 111b represents 
the transmission channel from the transmitter 120a to the 
receiver 1106 , the wireless link 111c represents the trans 
mission channel from the transmitter 120b to the receiver 
110a , and the wireless link 111d represents the transmission 
channel from the transmitter 120b to the receiver 110b . The 
transmitters 120a , 120b 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 , 120b 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 . 
10049 ] Herein the quantity of transmitters 120a , 120b in 
use is denoted n , each transmitter having a quantity Mix of 
transmit antennas , and the quantity of receivers 110a , 110b 
in use is denoted K , each receiver having a single receive 
antenna . Considering the transmissions from the plurality of 
transmitters 120a , 120b toward the plurality of receivers 

x = TS = Ik Sk 
k = 1 

[ 0053 ] wherein T = [ t? , t2 , . . . , tx ] , wherein tz represents 
a beamforming vector implied by the precoder T to address 
the k - th receiver ( 1sksK ) among the K receivers . 
[ 0054 ] Considering an overall signal y = [ y1 , y2 , . . . , Yx ] " 
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 : 

k = httuk 
[ 0056 ] wherein yk represents the signal effectively 
received by the k - th receiver ( 1sksK ) among the K receivers 
when the vector sz was intended to said k - th receiver , and 
wherein n ' = [ n ' ? , n ' 2 , . . . , n ' x ] ? represents the additive noise , 
independent of the transmitted vector x , with n ' , ( 1sksK ) 
representing the noise incurred by said k - th receiver during 
the transmission of the vector X7 via the MIMO channel hz . 
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 ( TTT ) = 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 , 
120b are connected , as shown by respective links 122a , 
122b 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 , 120b . The links 122a , 122b 
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 . 
10062 ] 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 , 120b of the wireless communication sys 
tem 100 and / or each receiver 110a , 110b of the wireless 
communication system 100 and / or the server 130 . 
10063 ) 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 

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 u ; ( 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 , 120b toward 
the plurality of receivers 110a , 110b in the wireless com 
munication system 100 . The algorithm of FIG . 3 is per 
formed in parallel by each transmitter 120a , 120b 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 coefficients a , , with j = 1 to n , which can be 
represented by a stacked regularization coefficients vector 
a = fQ ; , A2 , . . . , , , in addition to a set formed by the power 
scaling factors ?j , with j = 1 to n , which can be represented by 
a stacked power scaling factors vector u = [ u1 , H2 , . . . , Un ] ? . 
[ 0071 ] It is further considered in the scope of the algo 
rithm of FIG . 3 that the regularization coefficients a ; are 
fixed . The regularization coefficients a ; 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 coefficients a ; 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 ] Ot " ) , 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 ] @ k , which is a covariance matrix representative 
of the covariance of the MIMO channel hz ; and 

[ 0076 ] PEU ) ' ) , which is representative of a correlation 
between que ) and qu ' ) , wherein ( resp . qx ' 9 ) 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 h , the CSIT at said j - th transmitter , 
the following relationship can be expressed : 

hø = V1 - ( 044 ) Phyto 8 , ) 
[ 0078 ] wherein 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 

times and estimating the correlation between the realizations 
of qz ) and 6 ) . Yet another approach is that the correlation 
PEU ) between q and 9 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 , 120b 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 . 
10081 ] In a following step S302 , the transmitter 120a 
obtains the power scaling factors vector u by solving an 
optimization problem that can be formulated as a function of 
an asymptotic expression SINRL 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 
u * represents the optimized power scaling factors vector u : l " represents t 

k * = argmax ?logc1 + SINR ) u * = argmax log ( 1 + SI 
k = 1 

such that 

j = 1 

on = VM 
[ 0082 ] wherein ETEC M1xxM is a matrix defined as fol 
lows : 

E : * = [ 0M7x * ( j = 1 \ M x MixOMpxx ( n = j ) M x ] 
[ 0083 ] wherein Iz is an identity matrix or sub - matrix of 
size Z and Ozxw 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 : 

jk 

= 1 
SINR = - 

[ 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 or 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 hj and fed back to saidj - 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 hy Finally , the variable 
q2 " ) can be computed at said k - th receiver from the knowl 
edge of h , h " ) and Ok . The same process of course applies 
for q ) with respect to the j ' - th transmitter among the n 
transmitters . In a first approach , the variables que and ques 
are fed back to both j - th and j ' - th transmitters , which allows 
them to compute the correlation Ptuj ) between q ) and 
TO ) . 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 hk for both quantization in order 
evaluate the correlation pui ' from the knowledge of a 
0 , " ) and 0 , 0 ) . First , the j - th transmitter generates a random 
realization of hz 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 
ORL ) from which the j - th transmitter can compute qk ) . 
The j - th transmitter applies the same process for q , and 
can evaluate PEU : 1 by repeating these operations several 

1 + 12 

[ 0085 ] wherein IL ER is expressed as follows : 

? ?? Tiv ( E ; E , OkE ; E ; ) – 21 , ; , ( OkE ; E ; ) - VT ; ( Im ) 1 % . ; ( lm ) j = 1 = l 

? 
coloco A + PUCCI + 0 ; ' , $ j ; kyj , j ” , – ( 1 + m ) ( 1 + m " ) 1 + mk 
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[ 0086 ] wherein Tiº : C MXMH C is a function defined as 
follows : 

[ 0091 ] The aforementioned optimal power scaling vector 
u * can be reformulated as : 

TM ( X ) = Met = max 
k = 

log 1 + 1 log ! + 1 
l + MT Bkm ) 

V CO , CO , K C1 , C1 , K Pk k Lo 

( 1 + m ) ( 1 + m ! " ) ) k = 1 

V C0 , Cok + 
10 ( 1 ) 
VC1 , C1 , K Pk LÀ ( Veel + Vecuci elit Post koj Trace ( 0 : 0 \ " xQ9 ) 

( 1 + mg " ) ( 1 + m ! " ) 
K M 

k = 1 

with co * = 1 - ( " ) ? 
and c * = ( outp " ) ? 

[ 0092 ] such that | | Cull 2 = 1 , ?ER " X1 
[ 0093 ] wherein | | Z | LF represents the Frobenius norm , i . e . 
the square root of the sum of the square values of the 
coefficients of Z , 
[ 0094 ] wherein Al 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 , Br 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 Az is a constant matrix having an entry at each 
index jj ' equal to : 

and Cak = UK 1 and * = of former 02 
Uk 

wherein 

1 + mk 
k = 1 

wherein 

V 1 ; . ; ( IM ) 1 % ; ( IM ) ( 1 + m " ) ( 1 + m { " ) ) K 1 bade to ] Tracel Ok 
“ 1 M / u1 + 0 ) 

6 
= l [ 0096 ] and Bx is a constant matrix having an entry at each 

index jj ' equal to : 
[ 0087 ] wherein Yiiik ( with k = 1 , . . . , K ) is the k - th entry 
of the vector : EC Kxl which is such that : 

( I - A ' j - jo ) y = b ' i 
[ Bkli = 7 

Vr j ( IM ) 1 ; , ; : ( IM ) 
[ 0088 ] wherein A ' EC KXK is a matrix having an entry at 
each index 1 , t equal to : ( certe E ; 0 , EE ) - 2Berro , et 

0 ; 1 . 60 , 5 Yj , j " , K com + P COCKP ) 
1 * ( 1 + mp " ( 1 + me ) ) ( Velice + vecp ) Trace ( 0 : 06 ' ' O _ Q ! " ) [ A ' ; y bog = M ( 1 + m " ) ( 1 + m ' ) M 

11 . 1 ( EE ) 
C = diaflv Til ( lm ) . ( EE ) 

" . V T ( m ) 
[ 0089 ] b ; ; ' EC Kxl a vector having an entry at each index 
1 equal to 

K O ( 1 ) 
V C0 , 100 , 1 

100 ) , 7 ) 
V C1 , C1 , 1 Pi Bjjl , = M 2 ( 1 + m % ) ( 1 + m { " ) M 

I = 1 

[ 0090 ] and wherein OER is defined as follows : 

[ 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 120a , with the regulariza 
tion coefficients a ; and with the power scaling factor u ; 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 coefficients a ; 
and the power scaling factor u ; as obtained by the optimi 

Trace ( OkE ; E Q ' ) Oj , k = - 
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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 [ i + 1 ] is computed by performing 
the following optimization : 

wli + 1 ] = argmin ni + 1 ] uk 
W k = 1 

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 
a , and with the power scaling factor u ; 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 u 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 vl ] 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 120a initializes ulº ] 
with default values , e . g . the same value for each entry , such 
that | | Cu [ 0 ] | 12 = 1 , and further sets a local variable t to the value 
“ O ” . 
[ 0103 ] In a following step S402 , the transmitter 120a 
computes rz ( ul ' ] ) as follows : 

ww - = arominqtº . 
Grem ( + Trace ( B & W ) – R * . ( + Trace ( ( A & + Bx W ) ) ) 

1 + ( del ) Bitfel ! 
na celol ) = 1 - , Vk 

+ ( ult ) ( Ak + Bxuell 

[ 0104 ] In a following step S403 , the transmitter 120a 
initializes w [ º ] with default values , e . g . the same value for 
each entry , such that | | Cw [ 0 ] | 12 = 1 , and sets a local variable i 
to the value “ O ” . 
[ 0105 ] In a following step S404 , the transmitter 120a 
computes Bk 2 + 1 ) as follows : 

[ 0110 ] such that Trace ( CCW ) sl and W is positive semi 
definite . 
[ 0111 ] Then , w [ i + 1 ] can be found from W [ i + 1 ] by using an 
singular value decomposition ( SVD ) , further by selecting 
the highest singular value s of W [ i + 1 ] and its associated 
eigenvector w ' , and further by setting w [ i + 1 ) = Vsw ' . Another 
approach is to compute the Choleski decomposition W [ i + 1 ] 
= W ' W ' T so as to obtain W ' for finally obtaining w [ i + 1 ) = 11x 
nW ' wherein 11xn 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 i by one unit . 
[ 0113 ] In a following step S406 , the transmitter 120a 
checks whether convergence has been reached with respect 
to wl ! ) . If such convergence has been reached , a step S407 
is performed ; otherwise , the step S404 is repeated . 
[ 0114 ] In the step S407 , the transmitter 120a assigns the 
value of wl ' to ult + 1 ) . 
[ 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 u ! ) . 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 u ! " ) , having obtained the appropriate value u * of the 
power scaling factors vector u . 
[ 0118 ] FIG . 5 schematically represents an algorithm for 
jointly determining the power scaling factors u ; ( j = 1 to n ) 
and the regularization coefficients a ; ( j = 1 to n ) for enabling 
configuring the regularized zero - forcing precoder Tintended 
to be applied for transmitting data , in a cooperative manner , 
from the plurality of transmitters 120a , 120b toward the 
plurality of receivers 110a , 1106 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 coefficients a ; are , in the algorithm of FIG . 5 , 
jointly optimized with the power scaling factors U ; . The 
algorithm of FIG . 5 is performed in parallel by each trans 
mitter 120a , 120b 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 . 

+ ( wli ] ) Biwli ] B [ i + 1 ] _ Hluli 
* + ( wlily " ( A? + Bx Juli 

[ 010 ] and the transmitter 120a computes uli + 1 ] as fol 
lows : 

[ i + 1 ] 
1 
0 + ( wlil ) ( Ak + Bi ) wli ] 

0107 ] and the transmitter 120a computes w [ i + 1 ] as fol 
lows : 

W [ i + 1 ] = 

argminy - " . ( Credeti C + w + Bw ) – Bft * * [ + w + xA4 + Bum ) W k = 1 

[ 0108 ] such that | | w [ i + 1 ] | | 2s1 . 
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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 u 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 
a * represents the optimized regularization coefficients vec 
tor a : 

( 2° , " = argmax £logc1 + SINR ) ( a , l ) k = 1 

such that 

j = 1 

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

wireless communication system 100 the regularization coef 
ficients a , and the power scaling factor u ; , both as obtained 
by the joint optimization performed in the step S502 , with i 
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 coefficients a ; 
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 , 120b toward the plurality of receivers 
110a , 110b in the wireless communication system 100 . The 
algorithm of FIG . 6 is performed , independently , by each 
transmitter 120a , 120b 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 H of the effective MIMO channel H . 
Since quantization exists when the receivers 110a , 110b 
transmit feedback CSI to the transmitters 120a , 120b , 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 , 120b 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 Hº 
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 : 

( a * , u * ) = max max ) . log ( 1 + SINR ) tarde a El 

such that 
n 

j = 1 

[ 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 HA? , 
wherein Au is equivalent to a block diagonal matrix , each 
block being of size MyMyy such that , considering anyj - th 
block of said block diagonal matrix , said block is equivalent 
to the identity matrix IMyy times the power scaling factor ? ; . 
[ 0123 ] In a following step S503 , the transmitter 120a 
enables configuring the regularized zero - forcing precoder T , 
for what concerns the transmitter 120a , with the regulariza 
tion coefficients a , and with the power scaling factor u ; , 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 

19 = 2 , | ( " ) * # * + MQ ; 10 ) * ' + Map ) 
[ 0129 ] wherein T . ) 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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wherein the notation ly means an identity matrix or 
sub - matrix of size Z and the notation Ozxw 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 : 

CO . K Q ; k 

SINR = 1 + 1 

wherein Ikº is as follows : 

UiM ; ' 
= P > 

j = 1 ; = 1 E - Der er en 
( 15 - 16 , E , 0 , , 5 } ) – 21 % , ( 0 , 5 , ) A O . K To JR + 

[ 0130 ] and wherein Y ) is a power normalization scalar 
defined as follows : 

Yu = ( AC ) * 80 ) + MQ ; Im - ' ( A03 ) TIE ? 
[ 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 , 120b to the receivers 110a , 110b are then 
performed by using the regularized zero - forcing precoder as 
configured in the step S604 . Then the step 8601 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 Mty of transmit 
antennas , each receiver having a single receive antenna , 
KsnMyx = 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 ; 
, which is a covariance matrix of the MIMO channel 
from said plurality of transmitters toward said k - th 
receiver ; and 

PV : ' ) , which is representative of a correlation between 
quand qx " ) , wherein 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 , 09 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 u * gathering 
power scaling factors u ; 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 : 

che con i place 
0 ; * ºjkYj , j , k ( 1 + m ! " ) ( 1 + m ! " ) ) 

wherein TiO is a function defined as follows : 

Bij ( X ) = 
N V 

0 ) U ' ) ( 1 , 7 
V C1 . k1 , Pk Cok Cok + 

( 1 + m ) ( 1 + m " ) k = 1 

( 0 ) U ' ) V COK COK 
( 0 ) ( j ' ) ( 1 ) 
CIKC1 , 6 Pk X00 

( 1 + M ) ( 1 + m ! " ) OY1 tmk VkN 

with cek = 1 - ( 0 % " ) ? 
and cx = ( ) 2 

and og = ord / 1 - ( opy 
VK 

wherei 
Ll + mi 

k = 1 

det = argmax log ( 1 + SINR ) LK mbeti mg - monde ( 18 wherein m 4 = Trace OR À k = 1 M j ) + Q ; IM X 1 + mi 
p = 1 

such that 

L = 1 
( IM ) wherein a ; is a regularization coefficient of the regularized 

zero - forcing precoder T , 
wherein Yiuink ( with k = 1 , . . . , K ) is the k - th entry of the 

vector y ECKxl which is such that : 

( I - A ' ; j ; ) y = b ' ivo 
wherein E , TEC M1xxM is a matrix defined as follows : 

E , T = COM ? xx0 – 1yMix / MopºMpxx ( n = ) Myx ] 
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wherein A ' ; EC KXK is a matrix having an entry at each 
index 1 , t equal to : 

intended to said k - th receiver from a long term and 
asymptotic perspective , and C is representative of the 
power constraint , 

and Az is a constant matrix having an entry at each index 
j j ' equal to : 200 ) ( V C0 , 100 , 1 C1 , C1 , 1 Pt [ A ' ; 1 , = M ( 1 + m " ) ( 1 + m . ) 

COK COK 

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

[ Aklj , j = 1 V 
Ojk Djok 

; ( IM ) 1 % , ( IM ) ( 1 + m { " ) ( 1 + me ? ) 

1 ?ve + Vecpuiš Trace ( 0 , 0 % " ) 0 , 9 % ' ) 
and Bk is a constant matrix having an entry at each index 

j , j ' equal to : 
[ b ' j ; , , = M ( 1 + m " ) ( 1 + m . " ) t = 1 

and wherein Ojk is defined as follows : Balys - Vruty On 
( 14 , 16 , , 9 . EE ) - 2R ( 1 ) , ( 0 , FC0k Trace ( OkE ; E Q % ' ) 

Vik = ? 0 ) U ' ) ( j ' ) 0 ) 1 ) 
CO , K COK + Pk C2 , C2 , K 

0 ; " kºj , kYj , j , k MOY1 mes 

C = diag 
4 1 . 

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 : 

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 coefficient a ; is jointly optimized with the 
power scaling factor u ; by solving : 

mg = w€ | ( % ) * £ % + Majlon ) " cam , po 

( a * , 4 * ) = argmax ) . log ( 1 + SINR ) 
( a , j ) k = 1 

such that 

wherein T , represents the parameters of the regularized 
zero - forcing precoder T which have to be applied by 
said j - th transmitter , 

and wherein Wu ) is a power normalization scalar defined 
as follows : 
Yu = | | ( ( AC ) AU + MQ ; IM ) - ' ( A ) * ILE ? 

wherein u ; 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 : 

21 ( 0 ; 0 ) . 24 T % ; ( m ) = 1 
= 1 

dit = max 
M ' ARM log 1 + 1 T1 
+ u BkM k = 1 

wherein a * is a regularization coefficients vector gather 
ing the regularization coefficients a , 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 

such that | | Culle2 = 1 , 
wherein Al 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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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 
COK 

J = 1 
SINRE = - 1 + 1 

wherein 11° is as follows : 

= p5 ? Hij 
P VT ; ; ( Im ) % ( IM ) 

COK 9 ; . k T > ( E ; E % , OkE ; E ; ) - 25 ; ; ( kE ; E ; ) X 

) , j ' ) 0 0 ) 
COk Cok + Pk C2 , C2 , k 0 ; 0 ; . k Yj j ' , Y 1 . ( 1 + m ) ( 1 + m ! " ) k 

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 Mty of transmit antennas , each 
receiver having a single receive antenna , KsnMzx = 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 : 
OK " ) , 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 i - th 
transmitter , when estimating the MIMO channel 
from said j - th transmitter to said k - th receiver ; 

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

P , 01 ) , which is representative of a correlation between 
9 , ) and q , 0 ) , 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 , and wherein 20 ) 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 u * gathering 
power scaling factors u ; 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 : 

wherein Ti is a function defined as follows : 

, ( X ) = 
0 ) ( ' ) ( 1 ) 

COKOK TV 1 , 6 1 , 6 Pk 1 * ( volca + vc92cm pelin ) * Trace ( @ : Q \ " xQ9 ) , 1 
( 1 + m " ) ( 1 + m ! " ) L + M M / 

k = 1 

Ja XOU V Cok Cok 
10 ( 1 ) , 

1 , 6 1 , 6 Pk + Vijk M KO 

( 1 + m { " ) ( 1 + m ! ! " k = 1 

with 

ok = 1 - ( 0 % ) ? 
and 

cu = ( 0 % ) ? 
and 

che = ! / 1 - ( 0 ) 
wherein 

1 . = argnar Zlogi 1 + SINR ) u k = 1 Z1 + mk 
k = 1 

such that 
- 

apa juade ( 10 
wherein 

= 1 
mi - Tracel ) j = 1 1 + mi 

X = 1 

wherein E , HEC M1xxM is a matrix defined as follows : 
E * [ OMTAXI - LMrxMTOMTx ( n = jMzxl 

wherein the notation Iz means an identity matrix or 
sub - matrix of size Z and the notation Ozxw means a 
null sub - matrix of size ZxW , 

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

wherein Yirik ( with k = 1 , . . . , K ) is the k - th entry of the 
vector VECK * l which is such that : 
( I - A ' ; jo ) y = b ' ; j ' 
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wherein A ' ; EC KXK is a matrix having an entry at each 
index 1 , t equal to : 

0 . 0 ' ) 
V C0 , 100 , 1 

1001 ) ( . js 
+ VC1 , C1 , 1 Pi VIVO [ A ' v 1 , , = 

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 , 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 : 

M ( 1 + m . " ) ( 1 + m . " ) 

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

my = w ; | ( 1419 ) * # + Ma ; lm ) " cata , The i ? VCOCO + Vccept Trace ( 0 , 0 % " 0 , 0 % ) 
M4 ( 1 + m ” ) ( 1 + m ! " ) M . t = 1 

and wherein Oik is defined as follows : 

wherein T , 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 : 

Pus = ( ( AO ) FAO + MQ ; IM ) - ' ( AC ) * ILE ? 
wherein u ; results from the execution of the first phase . 

Trace ( OkE ; E 2 ) Djk = - 


