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ABSTRACT

This paper studies the energy efficiency (EE) in full-duplex (FD) multiple-input multiple-output
(MIMO) cloud radio access networks (CRANSs). A cloud control unit (CU) transfers information signals
with multiple downlink (DL) and uplink (UL) users through FD radio units (RUs) by limited capacity
FH links. In DL transmission, the signals intended to the DL users are centrally processed at the
CU and, then, compressed to transfer to the RUs before they are forwarded to the DL users. On
the other hand, the signals from the UL users to the RUs are compressed and forwarded to the
CU for signal detection processing. Thus, the precoding designs and compression strategies for
the UL and DL transmission are critical for the system performance. The conventional methods
commonly focus on maximizing the spectral efficiency (SE) in the networks. Although the SE max-
imization based methods can offer the superior SE performance, they can result in the inefficient
usage of the energy in the networks. Thus, this paper focuses on the joint design of the precoders
and quantization covariance matrices to maximize the EE. The EE maximization problem is formu-
lated as an optimization problem of the precoders and quantization covariance matrices subject to
the transmit power constraints at each RU, each user and the limited capacity of FH links. To deal
with the non-convexity of the formulated design problem, we exploit a successive convex approx-
imation (SCA) method to derive the concave lower bound function of the sum rate and a convex
upper bound of capacity functions of FH links. Then, the Dinkelbach approach is exploited to de-
rive an efficient iterative algorithm (IA) guaranteeing convergence. Numerical results are given to

demonstrate the EE performance of the proposed algorithm.
Key words: Full-duplex, CRAN, precoding design, energy efficiency

INTRODUCTION

Over the past years, the explosive surge in the amount
of mobile data has resulted in the challenging require-
ments of advanced wireless communication possess-
ing techniques to obtain not only higher achievable
data rates but also lower power consumption !. Cloud
radio access networks (CRANSs) are a modern archi-
tecture for the next generation of mobile wireless sys-
tems. CRANSs rely on the leverage of a baseband
processing with central unit (CU) that leads to not
only the effective joint transmission but also the re-
placement high-cost high-power base stations with
the low-cost low-power radio units (RUs). As such,
CRAN approaches can both enhance spectrum effi-
ciency and reduce power consumption. CRANs have
thus attracted significant investigations, see, e.g.,’
and references therein.

On the other hand, multi-antenna techniques have
also been recognized as the efficient transmission
methods because they provide more degrees of free-
dom enable to steer signals directions to the de-
sired users which are called beamforming or pre-
coding techniques. Hence, they are able to simul-

taneously transfer more than one data streams over
a specific resource, that can thus potentially achieve
greater data rates. On this view, CRAN systems with
multiple antennas have studied extensively as a po-
tential approach to improve spectral efficiency (SE).
There are studies on various implementation scenar-
ios for CRAN systems including either only multi-
antenna at RUs and single-antenna user equipments
(UEs) namely as multiple-input single-output CRAN
(MISO CRAN)>*7, or multi-antenna at both RUs
and UEs, referred as multiple-input multiple-output
CRAN (MIMO CRAN)?®-10,
the problem of concurrently optimizing both sum rate

Reference’ addressed

(SR) and total transmit power (TP) by using a multi-
objective framework. They investigated on the algo-
rithm for jointly beamforming, turning RUs on/off,
and associating UEs to RU groups. Moreover, the au-
thors in* first integrated nonorthogonal multiple ac-
cess techniques into downlink MISO CRAN systems
and, then tackled the problem of the beamforming de-
sign to maximize minimum data rate under TP and
Addition-
ally, the work in® proposed a wireless powered MISO

limited fronthaul (FH) rate constraints.
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CRAN in which UEs support information decoding
and energy harvesting in downlink (DL) periods and,
then, they transmit their own signals by using har-
vested energy in uplink (UL) phases. The minimum
UL rate maximization problem then was addressed
under minimum DL rate, TP, and FH rate constraints.
Alternatively, to further improve the SE, the hybrid
digital-analog beamforming® and rate-splitting mul-
tiple access scheme’ were considered in DL MISO
CRAN systems. In addition, by considering a MIMO
CRAN system, Park et. al. proposed SR maximiza-
tion algorithms by jointly designing precoding and
FH compressing for either DL or UL CRAN systems
in® and?, respectively. Then, reference !° investigated
on a multi-cluster DL MIMO CRAN system in which
the effective design is then studied by taking inter-
cluster interference into account.

Along with these two emerging approaches, i.e.,
CRANSs and multi-antenna, full-duplex (FD) trans-
mission is also a powerful technique to achieve the
SE improvement. Thanks to the fact that the self-
interference (SI) caused by FD transmission mode
can be significantly suppressed, FD communication
can efficiently support both transmission and recep-
tion in the same frequency and time resources. Thus,
FD schemes can potentially double channel capacity
compared to traditional half-duplex (HD) counter-

parts 113

. Recently, the combination of FD trans-
mission into CRAN systems has drawn considerable
attention and conducted in the works!'6-2!, Refer-
ence'® studied the system capacity in a basic FD
CRANs and demonstrated that the system SE of FD
mode is superior to that of both HD mode and sin-
gle cellular design approach. The authors in'” first
developed wireless power transfer techniques for FD
MISO CRAN systems and, then, proposed an opti-
mal approach for minimizing TP with the constraints
of both UL, DL rate qualities and minimum amount
of harvested energy. In'®, the authors aimed at opti-
mizing the SR of FD MIMO CRAN systems under the
constraints of TP and maximum supported rates over
FH links. Alternatively, the work in'® exploited the
relationship between the weighted minimum mean
squared error (MMSE) problem and weighted SR
problem in order to develop a low computational
complexity iterative algorithm (IA) for maximizing
the system SE. The computing time is then reduced
as compared to the method in'®. Additionally, the
joint design of transmit beamformers, power alloca-
tion, FH compression ratio and RU selection was in-
vestigated to either minimize TP under quality-of-

0 or maximize the DL ca-

pacity under UL QoS constraints in?'.

service (QoS) constraints in >

489

However, the transmit strategies which are designed
merely on the system data rate as mentioned above
can result in the negative impacts on the system en-
ergy efficiency (EE)?*>*. Hence, the transmission
approaches with EE have been taken into consider-
ation recently for CRAN systems>°~32. Reference >’
studied the joint design of beamforming and RU se-
lection to minimize TP under the constraints on qual-

26 considered

ity of each user’s links. The authors in
the power minimization problem along with mini-
mum data rate requirements. They developed the op-
timal solution for both data sharing and data com-
pressing MISO CRANs. Furthermore, the work in 2’
investigated the EE problem in DL MIMO CRANs
by jointly designing precoding matrices and turning
on/off RUs. The results shown that the system EE is
significantly enhanced as compared to some bench-
mark schemes. In addition, concerning a DL content-
centric MIMO CRANSs, 28 addressed both SE and EE
problems by successive convex quadratic program-
ming for jointly designing user association, RU ac-
tivation, data rate allocation, and precoding matri-
ces. In??, the EE of DL MISO CRAN systems was
maximized by optimizing both beamformers and RU-
UE grouping. Similarly, the EE of downlink MISO
CRANSs was maximized by jointly designing the trans-
mit beamforming, RU selection, and RU-UE associa-
tion with difference of convex (D.C.) programming
in?" and sequence of second order cone program-
ming in®'. More recently, the EE optimization prob-
lem (OP) for FD MISO CRAN based data sharing
system was tackled in 32 however, the FH rate con-
straints was ignored.

Motivated from above discussions, this paper is con-
cerned with a FD MIMO CRAN system in which
multiple-antenna DL and UL users communicate with
a cloud CU through FD multiple-antenna RUs. We
aim at designing the optimal precoder and the quan-
tization covariance matrices to maximize the system
EE under TP and FH link rate constraints. The de-
sign problem is mathematically expressed as a con-
strained OP which is highly non-convex in design
variables. The challenges in solving the OP are due
to not only a fraction form and non-concavity of the
objective function but also non-convexity in FH rate
constraints. Thus, the D.C. programming is used to
obtain bounds of the achievable SR and FH rate. Then,
the Dinkelbach method is applied to develop an ef-
ficient IA with a convex OP solved in each iteration.
The numerical simulations are conducted to verify the
convergence of our IA and to examine the EE perfor-
mance of the proposed EE optimization.
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The remainder of the paper is organized as follows.
Sec. 1II describes the system model of FD MIMO
CRANS and, then, formulates the design of precoding
and quantization noise covariance matrices as an OP.
Then, an IA to seek the optimal matrices is presented
in Sec. III. Numerical simulation results are given in
Sec. IV. Finally, the conclusions are presented in Sec.
V.

Notations: Boldface upper (lower) case letters denote
matrices (vectors), An identity matrix with appropri-
ate dimension is presented by L. XT, X2 (X) and |X|
are the transpose, Hermitian transpose, trace and
determinant of matrix X. X >~ 0 denotes a positive
semidefinite matrix. A complex Gaussian random

vector x with mean x and covariance Ry is represented
by x ~ CN (x; Ry).

SYSTEM MODEL AND PROBLEM
FORMULATION

Consider a FD MIMO CRAN model similar to that
in'®1? in which Kz FD RUs are connected to a CU
via the FH links, as shown in Figure 1. All the RUs
simultaneously serve a set of Ky;, UL and Kp;, DL
users via radio access links. Denote RU),, DLU; and
ULUj, as the kth FD RU, kth DLU and kth ULU, re-
spectively. We also denote SUL §DL and SRU a5 the
set of all ULUs, DLUs, and RUs, respectively. RUy has
M, transmit antennas (TAs) and N, receive antennas
(RAs). Thus, MPL = ZK" Mj and NPL = ZkKile are
total TAs and RAs at the RUs. Also, 7j. and Ry, are the
number of antennas at ULUj and DLU. To reliably
detect the signals, it is assumed that the sum of data
streams of all UL users should be less than or equal to
the total number of the TAs at the UL users and the
sum of RAs of all RUs. Assume that the ideal channel
state information is available at the RUs and users>>.
In the DL transmission, denote the data symbol skDL
Ca" 1 with sPL ~ CN (0,I) as dP" of data streams
intended to DLUy, k € SPL. The CU generates a trans-
mitted baseband signals ¥’* € CM*! for RU; as

if)L Z]I{(DL FDL DL ( 1 )

where FPL € CM*d" denotes the precoding matrix
of the k -th DLU in RU;. By defining all the signals

generated at the CU as 3L = [(P5)T, ..., (BT e
cMPtx 1 we have
RPL =y FREsPr 2)
pL & DL\H (RDL pa
where FpX = {(Fkl )L (FS ) . (FkkR) } =
CMixdP* From (1) and (2), we can ob-
tain xPL = ¥HxPL to RU;, where ¥ =

T
7M,-><M’
§k ]Mk }k ; lexMi

Before transferrlng the signals to the corresponding
RU on the FH links, the baseband signal ilDL is first
compressed by quantizing. Then, the received signal
at RU; is written as

xPl=XPE 4P, ie SR, 3)

where gPX ~ CN (0, EPL) is the quantization noise
associated with the signals to RU; in the DL channel
and EiDL € CMexMic s the covariance matrix of down-
link quantization noise. From (3), the DL FH rate at

RU; is imposed by the following constraint !9

KDI FDL FDL) %+EtDL

“)

—log = ,ie SRU

where CPL is the maximum DL FH rate associated
with RU;. It is worth noting that RU; will transmit sig-
nal xlDL in (3) to the DLUs. In light of (1), (2), (3), the
TP constraint at RU; is given by

(! ):KDL FPL(FPLYHy, 4 ZDLy < pPL jc SRU (5
where PDL is the maximum allowable TP at RU;. De-
note by HPE € CR>Mi the flat-fading channel ma-
trix from RU; to DLU;, byHDL H,ﬁL7 ey H,g(LR} €
CRxMi the channel matrix from all RUs to DLUj, and
ngU € CRRi the CCI channel from ULUj, to DLUj.
Before forwarding to the DLUs, the compressed signal
from the CU is decompressed by the RUs. Hence, the
received signal at DLUy is

K K,
yk Zz Rl ngLxDL_’_Z UL HDUfo‘ +nkDL

1
HDL DL | ZKUL HL?U foL + n L ke SPL,
defined xPL =

€ CMouxl and x{'L € CTix!

(6)

where we have
[(X?L)T, o (21) }
is the transmit signal vector of ULU;.
nPL ~ CN (0, 63,1Ig,) is additive white Gaussian
noise (AWGN) at DLU,. From (6), the achievable
data rate RE L at DLU, is

Moreover,

RRE = log I, + HPLFPHHPLEPH AL L o

= log|HPEFPE(HPERPE Y A pr| —log| Ak prl

where Ay py is the interference-plus noise covariance
matrix at DLU, and is defined as

AppL =
HDL (pr% iF, FDL(FDL) T EDL) (HI?L)H (8)

+ZKUL HDUFUL (HDUFUL) + 6[2)L1Rk7

where ZPL dlag{E S eees E%‘}.
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Figure 1: A system model of the FD CRAN with multiple MIMO users.

Concerning the UL transmission, denote HYL €
CNi*Tk 5 the channel matrix from U LUy to RU;, and
Hi[; D ¢ CNxM; represents the residual ST channel ma-
trix from RU; to RU;. Then, in the UL channel, the
received signal yYZ at RU; is

UL _ vKyr. yqUL UL UL
Vi~ = Yo Hyg "F sy

9
+Z§'<21H5DX?L+”?L7 iest, ®
where FULE € CTxd" denotes the precoding ma-
trix for the data symbol siH‘ € C&" 1 of ULy, with
sVl ~ CN (O,IOIEL)7 dY" is the number of data
streams and the vector n/L ~ CN (0,07,1y,) is
AWGN at RU;. The transmission of U LUy is subjected
to the TP constraint Plgj L as

(FUL(FUE)H) < PUL ke SUL. (10)

After receiving the signal from (9), RU; then com-
presses it and sends to the CU. Thus, the received sig-
nal at the CU is given by

L L L R
yWh=yt+qft ie st

(11)
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where gYL ~ CN (0, L) is the quantization noise
at the RU; and EYL € CNeNe represents the covari-
ance matrix of uplink quantization noise. From (11),
the CU can retrieve the signal from RU; if the UL FH

rate is subjected to '®!?

log [9/F +EVE| —log (12)

VL <cPE, ie st

where CYL represents the UL FH rate constraint at the
RU;, and
UL _ yKi ULpUL(gULRpUL\H 2
907" =Ll Hy "B (HR " F5)" + o,

~ ~ ~ H (13)
+ HiUD (ngli FkDL( FkDL)H +LDL) (HiUD)

is the covariance matrix of the received signal yV'L.
Here, we have defined I-Il-UD = [Hil{D, e Hillj(f]. At
the CU, the signals from RUs are first stacked as )7U L
[(}?L)T, . (%ﬁ)T] T, and then the CU applies the

linear MMSE decoding 34 Therefore, the achievable
rate for ULUj is

R%L =log ’INUL JrH;?LFkDL(H]?LFkDL)HAI;LI)L‘

(14)
= log|HPEFPE(HPEEPEY! + Ay pr | —log | Ay pr |
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where
Ak UL = Zl L l?ékHULFUL(HULFUL) +
HUD (ZZI(DL i FDL(FDL) +EDL> (HUPYH

+EUL + GULINUL

is the interference-plus-noise covariance
; EPL —  diag{EUL, ZUL
matrix, and & = diag{Z] sy Ept
UL UL UL
Here, H/* = [(Hlk )7, - (Hgi) ] and
HYD — [H ub - H}(JRD ] ., where H ]UD —
[(H ﬁD Yoo (H Il(]RDk ) ] . Different from the

previous work“ which maximizes the SE, this
paper focuses on the system EE. The system EE is
defined as the ratio of the total SR to the total power
consumption and computed by

Kpr, KuL pUL
R R
EE — Y2 RoL+ Y2 (16)
P
where P = yl'lZKDL FDL FDL) %o+
:DL> ZKUL<FUL(FUL) ¥ +
EPLY+(Kpr +Kyr)Pue + KgPry is total sys-

tem power consumed by all the RUs and UEs®
Here, Pyg and Pgy are the circuit power consumed
by a user device and RU, respectively. We assume
that circuit power consumed by UEs is same, i.e.
Pyg, = Pyg, and also for the RUs. Our paper jointly
optimizes the precoding and quantization noise
covariance matrices to maximize the EE of the
FD CRAN system subject to TP constraints in (5)
and (10), and FH rate constraints in (4) and (12).
Therefore, the design problem is mathematically
formulated as

KpL, RDL Kur RUL
maX{F,E} = Z ;Z (173)
s.t. (4),(5),(10),(12) (17b)
EX>0,ie SRV X € {UL,DL}. (17¢)

The sets of optimization variables are
A

FO = {Ff:vkes*xe{ULDL}} and

z £ {2X:VieSRU X € {UL,DL}}. It can be

shown that problem (17) is not a convex problem due
to the non-convex fractional form of the objective
function and non-convex constraints in (4), (12).
Therefore, it is mathematically difficult to solve prob-
lem (17) directly. In next section, we will develop
an TA based on sequential convex approximation
and Dinkelbach approaches to make problem (17)
amenable.

(15)

METHODOLOGY

In this section, we will recast problem (17) as a con-
vex programming so that it can be efficiently solved
by convex solvers. Firstly, to facilitate the nonlinear-
ity of the OP, we define Qf = FX(FX)H, ke SX x €
{UL,DL}. The FH rate constraints in (4) and (12) can
be respectively expressed as

ot 51 01+ 27 o
Lie SRV
and
log| oYL+ EVE| —log|E LieSRU. (19)
where
(P ZKUL HULQUL( HUL) + GlZJLINi o0

H
7UD K; DL ’:DL UD
+H! (): oL QPL 4 E ) (Hi )

Then the achievable downlink rate in (7) can also be
written as

H
RRE = log |HPLOPE (HPL)" + v |

(21)
—log| Aol
where
AL =
HPL (Zfbf i QPL 4 v—DL) (HPLYH (22)

4 ZKUL HDU QUL (HDU) 4 GgLIRk ,

Similarly, the achievable uplink rate in (14) can be

written as
&L =log |[HFQIHHTE ) Ay | 23)
—lOg ’Ak,UL| )
where
Ak UL — Z[ 1 l#kHULQUL(HUL) +
HUD (Zf:u? QPL ¢ EDL) (HUPYH (24)

+EUL 4 GIZJL]NUL

On the other hand, the TP of RUs (5) and uplink users
(10) also can be rewritten respectively as

,YHZKDL ,y[ +';*DL> < [)iDL7 ic SRU7 (25)

(of") <Pt ke svh. (26)

Then, the design of EE maximization is equivalently

formulated as

ZKDI RDL _,’_ZKUL R
P

(27a)

maX{Q’E} =

(27b)

s.t. (18),(19), (25), (26)
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EX»0,ie SRV X € {UL,DL}.

T

(27¢)

0X¥=0,ie SR, X e {UL,DL}. (27d)
here O 2 {Of :Vk € X X € {UL,DL}} is the opti-
mization variables.

Next, we approximate the objective function (27a)
and constraints (18), (19) using the D.C. approxima-
tion and then use the Dinkelbach method. The D.C.

15,2436 j5 used to deal with the noncon-

procedure in
vexity of the achievable rate function. Due to the
fact that Vylog |1+ X| = (14 X) ™!, by applying the
first-order Taylor approximation at X, we have an in-
equality log|I +X| < log |1+ Xo|+ ((1+Xo) ' (X —
Xo)). Therefore, given feasible points Q") at iteration
n, the rate functions ﬁf?L and ﬁ,’(]L are respectively de-

fined by
RPL — tog | L QPP + AP

—(log }AkDL(n) . <<A5L(n))*1 (AkDL B AkDL<n))>)
(28)

e
—(log ‘AgL(") + <(A]€/L(”)) (A]l(/L _ AgL(")) )
(29)

Similarly, constraints (18), (19) are upper bounded by

convex functions respectively defined as

log [T\ 4+ 2PH")| 4
~DL(n)\ !
(r+ 20 () o
—DL . DL
+<<Fz(n)+‘:‘i (n) :,PL E (n))>
—log |EPL| < CPL, i SRV
and
log ¢iUL ESJL(”) 4
~UL(n)\ 1 UL
it B (e i)
~ULm)\ ! (= ~UL
(7" +5 ) -5 (n))>
—log|EPE| < CPL ie SRU,
where
=y L2 0Py (32)
Then, problem (27) can be cast as
Koy 5PL Kur UL
S L2 R + X0 R (33a)
{05} P
s.t. (25),(26),(27¢),(27d),(30),(31) (33b)
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It is obvious that the denominator in (33a) is linear
while the numerator is concave in matrix variables
Q. Thus, problem (33) is known as a concave-convex
fractional programming and, then, the Dinkelbach
approach >»373% can be efficiently used to find opti-
mal solutions. Accordingly, a parameter A and a para-
metric function U = Z,@Ll EkDL + ZkKi[i ﬁgL — AP are
introduced. Problem (33) can be rewritten as

maX{Q’E} 18] (343)

s.t. (25),(26),(27¢),(27d),(30),(31)  (34b)

Note that OP (34) is convex for fixed A, and convex
solvers, e.g., CVX 39 can be efficiently used to find the
optimal solutions to OP (34). The detailed algorithm
to find the covariance matrices to maximize the FD
CRAN EE is summarized in Algorithm 1.
Algorithm 1: Iterative algorithm for EE maximiza-
tion
Initialize: Let n=0 and choose a feasible point
0, Q(O> and the quantization noise covariance ma-
trices () , =0),

repeat

repeat

Compute A" by plugging Q) and E to
L2k RP -y, Ut R

Given ll()”), Q(”) and £ solve (34) using CVX to
obtain Q* and A*

Update 0" = Q* and EM = =*

until convergence

Update n=n+1 update 0) = Q") and ") = =(»)
until convergence

Output: Q°P! EoP!

RESULTS AND DISCUSSION

In this section, we simulate a FD CRAN system with
the following parameters: Kg =4, M =N, =2,Vk €
SRU, Kpr = KUL =4 and Tk = Rk = 2, Vk. More-
over, we assume that the same TP constraints, i.e.,
PPL = pPL ¢ SRU are imposed on RUs and UL
users, and PiUL = PUL = 0.7 x PPL with k € SUL. The
noise powers in both UL and DL channels are set to
012)L = GI%L = —107 dBm. Both UL and DL chan-
nels are assumed to have the same FH rate constraints
for all RUs, i.e., ClX = CFH(107 bps), Vi € SRU X €
{UL,DL}, the bandwidth of the wireless system is 10
MHz, and the circuit power consumed by a RU and
UE are Pyg = 0.1 W, Pgy = 10.65 W, respectively >°.
The users are randomly distributed in a square area
of side length 100 m. The square is divided into four
equal small squares with a side length 50 m. RUs are
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at the center of these small squares. We adopt the SI
channel model in which the SI channel Hl-Li/ D at RU;

is distributed as Rician with mean |/02k(1 — k)~

—140 \where k and 652, are

and variance 62,k(1 + k)
the Rician factor and the residual SI power, respec-
tively. In this simulation, we set k = 10. The other
channel matrices follow complex Gaussian distribu-
tions with path loss at distance d (m) defined as PL =
22.9+437.5log;yd in dB '®!°. We conduct 100 Monte
Carlo runs with random locations of users to compute
the average of the numerical results in simulations.

For comparison between the FD and HD CRAN mod-

els, we consider the EE OPs of the HD CRAN as

—DL -UL
05 (Rsum +RSI/H71> (35a)
max{Q,E} f
s.t. (25),(26), (27¢),(27d),(30),(31)  (35b)

where R-F and R°%

sum sum

are the achievable DL and UL
rate in the HD scheme, respectively. The factor of 0:5
in (35a) is due to the fact that the DL and UL trans-
missions share half of the time and/or frequency re-
source. It also notes that all SI channels {H up } and
CCI channels are set to 0 in HD mode.

Example 1: This example investigates the convergence
behaviours of Algorithm 1. Figure 2 depicts the con-
vergence rate of the EE functions under different val-
ues of Gszl' It is obvious that the EE functions are
not decreasing over iterations and converged within
about 40 iterations. The results from Figure 2 also
show that the achievable EE tends to increase when
the residual SI value decreases.

Example 2: The achievable EE and SR over different
TP budgets are evaluated. In this example, we set
Cry = 108 bps. The achievable EE and SR are il-
lustrated in Figure 3 and Figure 4, respectively. As
expected, the higher EE performance is achieved at
higher TP budgets. On the other hand, in these simu-
lation settings, the EE obtained in FD transmission is
higher than that in the HD counterpart. In addition,
when a certain level of TP is reached, the resulting
EE performance is saturated. Thus, these results can
give useful information to set the appropriate TP at
the transmitters. To provide more information about
the achievable SR of the EE optimization Algorithm
1, the achievable SRs are plotted in Figure 4. It can
be observed from Figure 4 that the achievable SRs in
the considered settings are superior to that of the HD
schemes. The smaller SI in FD transmission can lead
to its better SR improvement.

Example 3: The EE and SR over different FH capacity
limitations are investigated in this example. In this ex-
ample, the TP budgets of the RUs are set 25 dBm. The
average achievable EE is depicted in Figure 5 while the
average achievable SR is shown in Figure 6. From the
two figures, we can see that both achievable EE and SR
are improved when the FH capacity increases. Noting
that when the FH capacity is low, it is a bottleneck to
restrict the system performance. In such cases, to re-
duce the FH traffic, the system will switch to a single
RU association !°. Therefore, when the FH capacity
increases, the achievable EE and SR are increased. On
the other hand, the achievable EE and SR increase as
SI decreases.

CONCLUSION

In this paper, a joint design of FH compression and
precoding has been studied for a FD MIMO CRAN.
We have addressed the EE maximization problem for
this considered system model by developing the IA
using successive convex approximation and Dinkel-
bach approaches to deal with the non-convex prob-
lem. Finally, by numerical simulation results, we
have shown that the considered FD CRAN system can
bring significant EE gains over the HD scheme when
SI is low. In addition, the results have unveiled the
interesting influence of FH rate levels on the system
EE performance. Particularly, the bottleneck situa-
tion caused by the limited FH capacity leads to the
degradation in the EE system performance.
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Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(3):488-499
Open Access Full Text Article Bai Nghién ciiu

Cuc dai héa hiéu suat nang lugng trong hé théng MIMO CRAN
song cong

Ha Ngoc Tién'2, Nguyén Xuan Xinh'2, Ha Hoang Kha'->"
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: Bai bao nay nghién ctiu hiéu qua nang luong ctia hé théng MIMO CRAN song cong. Mét tram diéu
khién trung tam (CU) truyén tin hiéu théng tin vai cac thiét bi ngudi dung dudng lén va dudng
xudng thong qua cac tram vo tuyén RU song cong bdng cac dusng lién két FH c6 dung lugng
gidi han. Trong kénh truyén dudng xudéng, cac tin hiéu mong mudén phat cho ngudi dung dudng
xuéng dugc xu ly tap trung & tram diéu khién trung tam va sau do dugc nén dé truyén dén cac
tram vo tuyén RU trudc khi chiing dugc chuyén tiép dén ngudi dung dudng xudng. Mac khéc, cac
tin hiéu tir ngudi dung dudng 1én dén cac tram vo tuyén ducc nén va chuyén dén tram diéu khién
trung tam cho viéc x{ ly giai ma tin hiéu. Do do, viéc thiét ké tién ma hoa va chién lugc nén cho
truyén duong lén va dudng xudng la quan trong doi véi hiéu nang hé théng. Cac phuong phap
phd bién la tap trung t6i da hoda hiéu suat phd trong mang. Mac du cac phuong phéap dua trén
cuc dai hda hiéu sudt phd cé thé cung cép hiéu suét phd tét, ching cé thé dan dén viéc st dung
nang lugng khong hiéu qua. Do do, bai bao nay tap trung thiét ké dong thai bo tién ma hoa va
cac ma tran hiép phuaong sai lugng tr dé t6i da hoa hiéu sudt nang lugng. Van dé t6i da héa hiéu
sudt nang lugng dugc biéu dién nhu mot bai toan t6i uu clia cdc ma tran tién ma hda va ma tran
hiéu phuong sai lugng t& phu thudc vao diéu kién rang budc cong sudt phat & mai tram vo tuyén,
méi ngudi dung va dung lugng gidi han clia cac lien két FH. DE giai quyét van dé khong 16i clia bai
toan thiét ké, chiing téi khai thac phuong phép xap xi 16i tuan tu dé€ rit ra ham bién dudi [6m clia
téng t8c do kénh va bién trén |6i clia dung lugng dudng lién ké FH. Sau do, giai thuat Dinkelbach
dugc khai thac dé phat trién gidi thuat 1ap hiéu qua dam bao tinh hoi tu. Cac két qua md phong
s6 dugc thuc hién dé€ minh hoa hiéu sudt nang luong EE clia giai thuat.
Tukhoa: Song cong, CRAN, thiét ké tién ma hoa, hiéu suét nang lugng
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