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Abstract—This paper investigates the downlink of massive under the sum-power constraint is found. Antenna selection
multiple-input multiple-output (MIMO) systems that inclu de a strategies are investigated for massive MIMO systems inesom
single cell Base Station (BS) equipped with large number of \yqrks | [8], the authors propose a joint antenna selection
antennas serving multiple users. As the number of RF chainssi . . .
getting large, the system model considered in this paper asses and_ po_‘Ner aIIocat|c_>n technique that ma)_('m'_ze_s the sum-rate
a non negligible circuit power consumption. Hence, the aimfthis A distributed massive MIMO systems with limited backhaul
work is to find the optimal balance between the power consumed capacity is investigated iri_[9]. The authors propose a joint
by the RF chains and the transmitted power. First, assuminga  antenna selection and user scheduling strategy. Whiledh [1
equal power allocation among users, the optimal number of R gy efficient algorithm is proposed for downlink massive MIMO
chains to be activated is analytically found. Then, for a gien - L . .
number of RF chains we derive analytically the optimal power SySte_ms when assu_m'ng a limited number of RF chains. This
allocation among users. Based on these analysis, we propaze algorithm allows to jointly select antennas and scheduégsus
iterative algorithm that computes jointly the optimal number of ~ with low computational complexity.

RF chains and the optimal power allocation vector. Simulatns The specificity of massive MIMO systems is the use of large

validate the analytical results and show the high performage  nmper of antennas. As a consequence, there is a significant

provided by the proposed algorithm. . .
amount of power needed for the operation of RF chains.

Index Terms-Massive MIMO, number of RF chains, circuit The circuit power consumption is often neglected. Anyhaw, |
pawer consumption, power allocation. has been considered in few previous works [1]] [12]. Based

on [12], it is not true that more RF chains implies always
|. INTRODUCTION higher rate. In this paper, we investigate the optimal numbe

The recent huge increase of utilization of wireless transf RF chains that maximizes the sum-rate in a massive MIMO
mission technologies creates the need to innovate and fgydtem. We assume simple random antenna selection in this
new technologies that offer higher performance. In the fiffpaper. More performant antenna selection schemes will be
generation (5G) of cellular networks, one of the main obje@vestigated in future works. First, we express analyiycal
tives is to increase by several orders of magnitude the rdie optimal number of RF chains in the case of equal power
offered by the current cellular systems. Massive multipfait allocation among users. Next, we find the optimal power
multiple-output (MIMO) system is a new paradigm based oallocation vector for fixed number of RF chains. Moreover,
the multiplexing of few hundred of antennas serving at tHeased on such results, we propose an algorithm that jointly
same time-frequency few tens of useérs [1], [2]. This panadigcomputes the optimal number of RF chains and the optimal
is largely accepted as a candidate for the design of futysewer allocation among users. The proposed algorithm allow
5G cellular networks since it provides several gains, sich @ find the optimal balance between the amount of power
high throughput[[B]. These gains are obtained while usingcansumed by RF chains and the transmitted power. Analytical
limited transmission power as well as maintaining a reduceesults are validated by simulations.
complexity of the transmission and receiving systems [4].  In this paper, all power variables are assumed to be unit-

Massive MIMO gains can not be efficiently exploited withiess since they are normalized by the average noise power.
out adequate allocation of resources. Some previous woilk$.} denotes the mathematical expectatior, denotes the
investigated how to optimize the resource allocation fosmafloor function, [.] denotes the ceiling functioriz)™ denotes
sive MIMO systems under different network architectures amax(0, z), (.)¥ represents the Hermitian matrik, | repre-
assumptions. In[]5], the authors show that massive MIM&ents the Euclidean norm of a vector adhd||» denotes the
technology provides a good trade-off between energy effirobenius norm of a matrix.
ciency and spectral efficiency for both prefect and impérfec The paper is organized as follows. In Section I, the system
Channel State Information (CSI). This good performance camodel is presented and the problem is formulated. In Section
be achieved under simple linear beamformers such as Z#tpthe optimal number of RF chains is analytically caldeld
Forcing (ZF) and conjugate beamforming. In [6],) [7], thevhen transmit power is assumed equally allocated among
optimal beam forming vector that maximizes the sum-ratesers. Then, we describe the proposed algorithm that gpsni
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joinly the number of RF chains and power allocation among,,., denotes the maximum power available at the BS. So the
users in Section IV. Numerical and simulation results am@rcuit power constraint can be expressed as
shown and discussed in Section V. Finally, we conclude the

. . . N
main results in Section VI.

DPout + Z Qp.Pe S Pmax (6)

n=1

[I. SYSTEM MODEL AND PROBLEM FORMULATION ) o ) )

. . . . .whereq,, is an antenna coefficient that is set to 1 if antenna
This paper considers the downlink of a single cell massiVe . lacted and to O otherwise. Hen the output
MIMO systems. The base station (BS) is equipped with a ' Fous P

: . transmitted power, is given b
large number of antenna¥ serving K single-antenna users P 9 y

with N >> K. Considering only small scale fading and under K
favorable propagation condition, the complex channel gain Dout = Zpk @)
matrix H = [hy, hs,....,hk], where hy € C™V is the k=1

k'™ slow fading channel vector for usér is assumed to be  The circuit power consumption causes that the achieved
quasi-static independent and identically distributedi.(id.) ate is not necessarily maximized when all the RF chains
complex Gaussian random variables with zero mean and Uf\ijlable at the transmitter are activatéd][12]. Hence, the
variance. The noise is assumed to be additive Gaussianrranq)cpﬂmm number of RF chains that maximizes the sum-rate
variable with zero mean and unit variance. We consider thé{ould be derived. Moreover, the main problem is to find

the BS knows perfectly the Channel State Information (CSkhe optimal balance between the portion of power consumed
The beam forming matrix iSW = [wiwz..wk], Where gt the RF chains and the portion consumed for transmitting.
wi € CV*!is the k" beam forming vector for usek. Hence, the optimal number of RF chains and the optimal

The vectorp = [p1p»...pk] is assumed to present the valuegower distribution among users have to be jointly derived

of power allocated to users. The received downlink vector @ 5chieve the maximum average sum-rate. The sum-rate is

signals can be expressed as averaged oveH realizations. The problem can be formulated
y=Hx+n, (1) as
where the transmitted signal is given by maximize R= E{i Ry}
p,ann=1..N Pt
x = Wdiag(\/p)s, (2) K N
wheres is the data symbol vector with unit energy. The signal subject to ;p’“ + ; An-Pe < Pmaz, (8)

received by usek can be written as

N
K Z Qnp, Z K7
Yk = /Prhxwisy + Z Vpihiwis; 4+ ny, (3) n=1
i=1,i%k an €{0,1},n=1..N.

Without loss of generality, we consider conjugate beam- The objective function is non-convex due to the multi user
foming pre-coder because of its great performance and linterference. Hence, the formulated problem is non-coanek
complexity. Moreover, it is shown that conjugate beamfargni water filling is not the optimal strategy for power allocatio
achieves high spectral efficiency [13]. The Zero Forcing)(ZRmong users[[14]. In the next section, the problem given
and Regularized Zero Forcing (RZF) can be considered im (8) is simplified. The sum-rate is approximated when the
future works. Hence, the conjugate beamforming matrix teansmit power is equally allocated among users and the
given asW = H'/ | H” ||r. The receivedSINR for optimal number of RF chains is given.
userk is expressed as

Be | hyhy 7 k I1l. OPTIMAL NUMBER OF RF CHAINS WHEN EQUAL
n

SINRj, = — — aE (4) POWERALLOCATION
Zi:l-,i#k n | hychi™ [ +1 In this section, equal power allocation among users is
wheren =|| H¥ ||2. assumed and hengg, = pou:/K,k = 1 : K. The aim is
The rate for usek; is given as to find the optimal number of RF chains that maximizes the
system sum-rate for random antenna selection.ddenotes
Ry, = logy(1 + SINRy,) (5) the cardinal of the set of selected antennas

Now, we introduce the circuit power consumption model as N
in [11], [12]. Let p. denotes the amount of power consumed S=> o 9)
at each RF chain (Digital to Analog Converter (DAC), mixer, n=1
frequency synthesizer, filter). The value pf is assumed The sum-rate using conjugate beamformer precoding is
independent from the output transmitted powsy; [12]. Let asymptotically approximated inl[4], [13]. Whe, S — oo,



the multi user interference term is approximated by its expepower allocation among users. So, the proposed algorithm
tation as ends when the sum-rate starts decreasing. Then, the optimal
number of RF chains is derived with corresponding optimal

K .
1 H 2. H 2y power allocation.
K ‘—12;1@ | buchi ™ P~ E{| hihy ™ 7} =5 (10) Since the power is not allocated equally to users, the

approximation in [(I0) cannot be any more used. In this
Also E{| hih,” |2} = 52 and the termy can be approxi- case, we make use of the approximation of the multi user

mated as; =|| H |2~ K.S as in [4]. The approximations interference term by its expectation. Whén S — oo, the

are validated by simulations in Section V. So, the averaggerference term is approximated asin![15]

SIN Ry, for any userk (wherek = 1, ..., K) over the channel

realizations is approximated as K 5 K 5
o > I P B T )
SINR; — —E— 11 i=lik i=Lizk
* Pout + K ( ) K i (17)
It is to be noted that the average SINR is the same for all the = Z EZ
users. By replacing the circuit power consumption constrai i=1,i#k

we obtain the sum-rate averaged over the channel realigatio This approximation is validated by simulations in Section
as a function of the total powes,,.., the fixed consumed V. The SINR,, for userk can be expressed as
powerp., the number of user& and the number of selected 52
antennasS SINR. — PrPi 18
g S(pmam_s-pc_pk+K) ( )
S(pmam - Spc) )

12 2 H 2
K (Pmaz — Spe + K) (12)  where? =| ™ 2. |
; o The original problem in[{8) becomes concave since the
The average sum-rate is a concave function since the sec@Bond order derivative is negative

order derivative is negativfé(z% < 0. The optimal number
of RF chains that maximizes the average sum-rate is given by B2SINR 932 _SP 4K
By 2Bilpmes — STt K) )
dp, S(Pmaz — S-pe — pr + K)

] Here, the aim is to find jointly the optimal number of RF

where [pima. /pe] represents the maximum number of Riepaing and power allocation among users. For a giethe
chains that can be supported by the system due to mrcwtrpovﬁgomem given by[(8) becomes
constraint. Then, the optimal number of RF chains is derived

as

R = K.log, (l—i—

S* = argmax(R), 0 < S* < Pimaz/pe (13)

K

- prlp )
maximize R = lo 1+
f_ 5) _ p ; g2 ( S(pmaz_S-pc_pk+K)
9_{MJIRWM>RWMOWM—WMJMJ =
[z] otherwise .
subject to S.0¢ < Prmaz-
(14) J I;pk +O.pc <P
where - (20)
Pmaz + K — /K.(Pmaz + K) The associated Lagrangian optimization problem is ex-
x = » < Pmaz/Pe (15)  pressed as
The optimal number of RF chains allows to determine the K
amount of power consumed at the RF chains. Hence, thz({ Vo) = Zlo 14 B
output transmitted power can be derived and the transmitte Pets 1) = Pt 82 S(Pmaz — S-pe — pr + K)
power for each user is expressed as h K
_ Pmaz — S*-pc +M (Z Pk + Spc _pmam>
p = et (16) =
(21)
IV. JOINT OPTIMAL NUMBER OF RF CHAINS AND POWER By taking the derivative of the above with respectyg
ALLOCATION we can obtain the Karush-Kuhn-Tucker (KKT) system of the

In this section, we derive jointly the optimal number of Rrpptlmlzanon problem
chains and the power allocation among users that maximizes ) ) )
the system sum-rate. An iterative algorithm is proposed, at pi(S = Bi) + pra(B; — 2.5)
each iteration for a fixed number of randomly selected anten- 5  af} (22)
nas, the proposed iterative algorithm computes the optimal +5a” + In(2)p -




30 T T T
whereaq = Pmazx — S.pc + K. —— Approximation (Ppey — 10)

The proposed algorithm solves Eql(22) at each iteratioa fc o e e
fixed number of RF chain§ and computes the correspondin = /| ¢ sumation (P, = 5)
. . — Approximation (Pqs = 3)
optimal power allocation vector among users. The converge ~ Somtation (P 3 -

is obtained when the sum-rate starts decreasiig<€ Rs_1).
The convergence point exists since the sum-rate is a conc
function, the second order derivative is negaﬁ@-’%@!ﬁ < 0. %
Hence, the proposed algorithm enables to derive the optir \&
number of RF chains, the optimal power distribution amol

users and the maximum achieved sum-rate. g /f % Xﬁ%
%

Algorithm 1 Optimal number of RF chains and power allc
cation algorithm
1: for S =1: |pmaz/pc] doO
2 B hh ()P k=1:K
3: a 4 Pmaz — S-pe + K )
4 Ay a?(B2—25)2—4.(S—B2).(Sa? + Hff;;g)), k=
1: K
5: Zszl %Y = Prmaz — Spe > find . at the RF chains significantly decreases. So, the proposed
by bisection method algorithm offers more available transmitted power for tsd
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Average sum-rate (bits/sec/Hz)

40 60 80 100 120 140 160 180 200
number of transmit RF chains

Fig. 1. Average sum-rate under equal power allocation.

. a(2S—ﬂi)+\/Ak)+ . _ station which increases the sum-rate and improves system
* PR ( 2(S-87) k= 1: K, power alloca performance. Also, we can observe that the optimal number
tion of RF chains under the two scenarios linearly increases.
7 Break If Rg < Rg_1
8: end for 120 ‘ ‘

v Simulation 1

— Analytic under EPA

100+ Proposed algorithm
V. NUMERICAL RESULTS ; /
80

In this section, monte carlo simulations are done to vadid:
first the analytical results under equal power allocation ¢
sumption. Then, we present numerical results for the pregho
algorithm that jointly computes the optimal number of R
chains and power allocation.

We consider that the BS is equipped with 256 antenr
serving 10 users. The consumed power at each RF chai
set to 0.05.

Fig. 1 shows the sum-rate averaged over 1000 chan ‘
realizations in function of number of transmit RF chair "
with conjugate beamformer precoding and under equal power
allocation for different available power at the base statiorig. 2. Optimal number of transmit RF chains.

Simulation results confirm the analytical approximatioritod

sum-rate with conjugate beamformer precoding. Also, we canFig.[3 shows the obtained average sum-rate under the pro-
observe the optimal number of RF chains that maximizes tpesed algorithm as a function of the number of RF chains. It is
average sum-rate under equal power allocation for differeriear that the achieved sum-rate under the proposed dlgorit
values of the maximal available power at the base statimsignificantly higher than the sum-rate obtained undeakqu
DPmaz- power allocation. We have seen the optimal number of RF

In Fig.[2 we see the optimal number of RF chains in functiothains needed for transmission is less when distributieg th
of the maximal available power at the base statjgp,. available power optimally among users. From the circuit @ow
under two scenarios: equal power allocation and the praposmnstraint, we deduce that there is more available tratesinit
algorithm. First, we confirm that analytical expression lvé t power from the base station which increases significangy th
optimal number of RF chains under equal power allocatiachieved sum-rate.
fits with simulation results. Next, we can observe the optima Finally, the impact of the number of useks on the system
number of RF chains computed by the proposed algorithmerformance is investigated under equal power allocatiah a
when making optimal power allocation. As we see in [Elg. @ptimal power allocation in Fig.]4. The analytical approaim
we need less number of RF chains when distributing thiens of the average sum-rate under equal power allocat®n fi
power optimally among users. Hence, the power consumith the simulation results a&” is getting large. The sum-rate
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analytical approximation of sum-rate and the expression of
optimal number of RF chains. Then, we propose an algorithm
that jointly computes the optimal number of RF chains and
distributes the available transmit power optimally amosgrs.
Simulations show again that this algorithm allows the base
station to use less number of RF chains, so it provides more
available transmitted power and achieves high sum-rate.

This paper considers the conjugate beamforming precoding
while other beamforming schemes could be also considered.

M 10, OPA
——Ppqe = 10, EPA

Py =9, OPA 1
o~ Pz = 9, EPA
-4-Ppqp =8, OPA
= Pras =8, EPA

For instance, ZF and regularized ZF will be considered in
future work to investigate the impact of beamforming scheme
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on the optimal number of RF chains. Also, this paper assumes

%

Fig. 3. Average sum-rate using the proposed algorithm.
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a random antenna selection, whereas a more adequate antenna
selection would greatly improve the performances. Antenna
selection will certainly impact also the optimal humber d¢f R
chains to be activated. Optimal antenna selection and $euri
tics will be proposed in future works. A joint optimization

of power allocation, antenna selection under circuit power

decreases because of the multi user interference thas éxistconsumption model will also be investigated.

conjugate beamforming. Also, the optimal number of users
K that maximizes the sum-rate can be observed. It increases
when the available power at the BS,,, increases, there is [1]
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