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Abstract—The downlink of a single cell base station with optimal power allocation in order to maximize the sum-
(BS) equipped with large-scale multiple-input multiple-autput  rate. The proposed precoder archives high performance near
(MIMO) system is |nvest|gated in this paper. As the number of Regularized Zero Forcing (RZF) and better than MRT with
antennas at the base station becomes large, the power conseain HiX | . INTIO1. th th . tioate thé
at the RF chains cannot be anymore neglected. So, a circuit noma r_'x |nverS|on_. n[10], the authors 'r_lves igate an
power consumption model is introduced in this work. It involves ~ Of multi-cell massive MIMO system with MRC receiver.
that the maximal sum-rate is not obtained when activating d  An efficient algorithm is proposed to compute jointly the
the available RF chains. Hence, the aim of this work is to optimal training duration and power allocation. [n[11]eth
find the optimal numbgr of actlvatgd RF chains that maximize€s nmher of RF chains is assumed to be limited. Hence,
the sum-rate. Computing the optimal number of activated RF ioint ant lecti d heduli trat .
chains must be accompanied by an adequate antenna selectionf’Jl joint-antenna se e_c lon an . user scheduling strategy 1S
strategy. First, we derive analytically the optimal number of introduced for downlink massive MIMO systems. As the
RF chains to be activated so that the average sum-rate is large number of antennas involves the growth of the Channel
maximized under received equal power. Then, we propose an State Information (CSl), the authors in [12] assume limited
efficient greedy algorithm to select the sub-optimal set of R = cg) gt the BS and efficient antenna selection algorithm is

chains to be activated with regards to the system sum-ratet| d. In[T131. th th | ial ti
allows finding the balance between the power consumed at the proposed. In[[13], the authors propose a polynomial time

RF chains and the transmitted power. The performance of the algorithm to select antennas with maximum SNR.
proposed algorithm is compared with the optimal performane In massive MIMO systems, as the number of antennas

given by brute force search (BFS) antenna selection. Simuians s getting larger, the power consumed by the RF chains
allow to compare the performance given by greedy, optimal ad  acomes not negligiblé [14]. [L5]. [16]. [17]. Consequgntl
random antenna selection algorithms. . - - = - L
the maximal sum-rate is not obtained when activating all
Index Terms-Massive MIMO, number of RF chains, antenna  the RF chains. Hence, the optimal number of RF chains to
selection, circuit pawer consumption. be activated that maximizes the sum-rate must be derived.
In [16], the authors investigate the optimization of the pow
|. INTRODUCTION allocation and the number of transmit antennas based on
A major challenge of designing future wireless networks ihe asymptotic approximation of the capacity. They extend
to support the huge increase in data traffic demand. Masstheir work in [17] to multi-users and imperfect CSI case
MIMO system is one important technology that will beassuming MRT precoding. But, the optimization of the power
adopted in the fifth generation (5G) of cellular netwoiKs [1jhllocated among users is still based on the average capacity
[20, [3], [4]. It is based on the installation of large numher over channel realizations. It will be more interesting i€th
antennas at the Base Station (BS). The growth of the numiogtimization is based on the instantaneous throughput. As
of antennas involves quasi-orthogonality between thestiseresults, the optimal number of transmit antennas should be
channels in consequence of the law of large numbers. Henderived jointly with antenna selection strategy dependihg
a huge gain in spectral efficiency and energy efficiency céime channel gain coefficients. In this work, we derive first
be obtained while using low complexity transmit and receiv@nalytically the optimal number of activated RF chains that
technigques such as Maximal Ratio Combiner (MRC), Maxnaximizes the sum-rate averaged over channel realizations
imal Ratio Transmission (MRT) and Zero Forcing (ZF) [5]under the assumption of equal received power. Then, an
[el, 1. efficient greedy algorithm is proposed to compute the close-
Few works have previously investigated the optimizatioto-optimal number of RF chains and to select the best subset
of resource allocation in massive MIMO systems. [ [8pf antennas that maximizes the sum-rate. The proposed
the authors proposed an algorithm to compute the optinagorithm allows to find the balance between the power
power allocation among users in downlink massive MIM@onsumed at the RF chains and the output transmitted power.
systems with MRT precoder. However, a low complexitionte-Carlo simulations allow to compare the performance
linear precoder is designed for downlink massive MIM@f the proposed algorithm with random and brute force search
systems in[[B]. The beamforming vector is computed jointl{BFS) optimal antenna selection.
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In this paper, all power variables are assumed to be unitlessThe signal received by usércan be written as
since they are normalized by the average noise pojver.
denotes the floor functior,.] denotes the ceiling function, d2
diagp) is a diagonal matrix whose diagonal entries are Yk = \/Pk b sk + N 3)
the elements of the vectgs, (z)* denotes ma, z), (.) o
represents the Hermitian mati€x3; is a binomial coefficient  The receivedSIN R for userk is expressed as
defined asCy, = x—%yx; and Tr{.} denotes the trace of
a square matrix. A%y
The rest of the paper is organized as follows. In Section II, SINRy, = 0’“2 > (4)
the system model is presented. In Section llI, the problem is g
formulated. In Section 1V, the optimal number of RF chains Hence, the sum-rate is expressed as
that maximizes the average sum-rate is analytically catedl

under the assumption of equal received power between users. K q—
Then, an efficient greedy algorithm is proposed to compute R= Zlogz (1 + ’“2 p;) . (5)
the number of RF chains that maximizes the sum-rate and to k=1 a=n

select the best antennas in Section V. The computational com _ ) ) )
plexity of the proposed algorithm is calculated and comgare Since the number of antennas is Ia_rge. in the considered
to the optimal BFS algorithm in Section VI. Numerical angYStem, we assume a non- negligible circuit power consump-
simulation results are shown and discussed in Section Vt|||on [14], [13]. Letp. denotes the fixed power consumed

Finally, we conclude and discuss the main results in Sectigh €ach activated RF chain (Digital to Analog Converter
VL. (DAC), mixer, frequency synthesizer, filter) ang,,, the

maximal available power at the BS. Hence, the circuit power

consumption constraint can be expressed as
Il. SYSTEM MODEL

We consider the downlink of a single cell massive MIMO N
systems. The base station (BS) is equipped with a large Pout + »_ 0n.-Pe < Prmaz, (6)
number of antennad’ serving K single-antenna users with n=1

N > K. The channel gain is represented by complex matrixherec,, is an antenna coefficient that is set to 1 if antenna
G = D'/?H. The small scale fading is defined by complex is activated and to O otherwise ang,; is the output
matrix H = [hy,ha,...,hk], whereh, € C*¥ is the transmitted power given by
k" channel vector for usek, is assumed to be quasi-static
Gaussian independent and identically distributed (i.)iskbw
fading channel. Considering only path loss, the large scale Pout = Zpk- (7
fading is defined by the vectar = [d] “d; *...d"], wherex
is the path loss exponent ardg the distance between the BS
and userk, D is a diagonal matrix defined & = diagld).
The noise is assumed to be additive Gaussian white (AWG
random variable with zero mean and unit variance. The vect
p = [p1p2.--pk] is assumed to be the distribution of powe(r:C)nStr{jllnt
among users. We consider that BS knows perfectly the CSI.
We consider the Zero Forcing (ZF) as beamforming strategy
because it cancels the inter-user interference and it eehie
high performance 5], 16],.[7]. The beam forming matrix is
expressed as Ill. PROBLEM FORMULATION
H H\y—1

w- B (HHT) " ()

where 7 the normalization factor defined ag — The circuit power consumption involves that the maximal

Te{(HHT)-11. ach?eved sum-rate is not obtained when activating all RF
Hence, the received downlink vector of signals is express‘étﬁa'ns Hence, the optimal number of RF chaﬁg 1 n
as that maximizes the sum-rate should be derived. Moreover,
the aim is to find the optimal balance between the power
D3 consumed by the RF chainEflV:lan.pc and the trans-

y = G—Udlag(\/l_))ern, (2)  mitted powerp,u;. The number of RF chains should be
optimized jointly with adequate antenna selection strateg
The transmitted power must be allocated optimally among
vector of AWGN.o = 4/ % is a normalization factor. users. Hence, the main problem can be formulated as

It is to be noted thatp,../p.| represents the maximum
mber of RF chains that can be supported (assuming no
F‘;nsmission power) by the system due to the circuit power

wheres is the vector of transmitted data symbol amds the



K —_ . - J—
- dy “Pr «_ JLel if R(lo]) > R([¢]) or |¢] = |Pmaz/Pc]
= S* =
pmail)ggzz% R ;10& (1 + o’n?(aq, ag, ...,an)) {(gﬂ otherwise
K N (13)
subject to Zpk + Z Qn.Pe < Pmaz, where Prmaz + K.pe
k=1 n=1 ¢ = ——F < pmam/pc- (14)
N 2pe
Z oy > K, Finally, the power allocated for each udeis given by
n=1
— S*.p. o2
an € {0,1},n=1..N. :M_' 15
®) Pk e i (15)

It is to be highlighted that the term” in the objective  pgwever, the number of RF chains that optimizes the
function depends on the fading coefficients of the selectgtkiantaneous sum-rate (for one channels realization)lgho
antennas. So, an antenna selection strategy is necessaryglQyerived. It depends of the coefficients of the selected
find the optimal number of RF chains that maximizes the,iennas. In consequence, the number of RF chains should

sum-rate. Consequently, the problem becomes combinktogg ontimized jointly with adequate antenna selection agat
with exponential complexity growth iaV. It is known that, \\hich will be the focus of the next section.

after selecting the best antenna, water filling is the odtima
strategy for power allocation among users|[19].

V. EFFICIENT GREEDY ALGORITHM

IV. EQUAL RECEIVED POWER The aim of this work is to find the optimal number of
RF chains and have an antenna selection that maximizes

In this section, equal received power between users (¢ sum-rate. The number of RF chains must be derived
assumed and the sum-rate averaged over channel realizatiBiitly with adequate antenna selection strategy. Therauate
is approximated. Then, we derive analytically the optiméleleCt'On is acomblnato_nal problem with exp_onentlal grow
number of RF chains that maximizes the sum-rate averagBd”V- Moreover, the optimal antenna selection can be done

over channel realizations. The number of RF chains is givéfith high complexity brute-force search (BFS) algorithm.
by So, we propose a low complexity greedy iterative algorithm

that determines the number of RF chains maximizing the
N instantaneous sum-rate. At each iteration for a fixed number
S = Z Q. (9) of RF chains, the best antenna that maximizes the sum-
n=1 rate is determined among the set of non selected anteninas
Note that since the sum-rate is averaged over the chanfi#ICe, the cost function® is infinite for S < K as the ZF
realizations, the antenna selection is meaningless. gipeal Precoder does not exist, we choose the fifsantennas by
received power between all users is assumed, the trandmi@@timal BFS. The best antenna should minimize the tefm
power allocated for uset can be expressed as
argmax R = argmin,n? (o, az, ..., ay) (16)

_ Pmazx — Spc 02

Dk = Td;—a (10) Hence, the best antenna at each iteration can be derived as
The termn? is approximated in[[5],[16],[17],[[18], when n* = argminn?(a1, az, ..., ay) a7
K,§— . .
As the selected antennas are given, the optimal strategy for
1 1 S power allocation among users is given by Water fillihgl [19]
—=0—"— — — 1 (11)
7 T{HH7)} K N
This approximation is validated by simulations in Section Pk = (ln(2)u - d_ﬁa > ; (18)
VIIl. Hence, the sum-rate averaged over the channel realiza- k
tions can be expressed as wherey is the Water level.
The convergence of the proposed algorithm is obtained
. (p — Sp)(S - K) when the instantaneous sum-rate starts decreagig <
R = K.log, (1 4+ AT KQC ) (12) Rs_1). The convergence point exists since the sum-rate is

a concave function, the second order derivative is negative
In consequence, the optimal number of RF chains th%%—? < 0. Hence, the proposed algorithm allows to determine
maximizes the average sum-rate over channel realizataoms the number of RF chains, the selected antennas, the power

be derived allocated among users and the achieved sum-rate.



Algorithm 1 Greedy Algorithm
1: Initialization

ap+—0n=1:N

A~{nn=1:N}

for S =K+ 1: |pmaz/pc] doO
Select the best antenma from A that minimizes;?
Oy < 1
A+~ A\ {n*}

K 22\ ,
Zk:l (m(lg)u - (ji*n"‘ ) = Pmaz — S-pe > find p
k

© No gk wbd

by bisection method

2,2

+
9 Dk (m — dk—a) .k =1: K, power alloca-

tion
10: Break If Rs < Rs_1
11: end for

VI. COMPLEXITY ANALYSIS

In this section, the computational complexity order fof®

Hence, the optimal antenna selection can be obtained
with very high complexity. However, the proposed efficient
algorithm is polynomial time. The complexity order for both
algorithms are presented in Talile .

TABLE |
COMPUTATIONAL COMPLEXITY OF THE PROPOSED GREEDY ANBFS
ALGORITHMS.

BFS Greedy
Complexity order CBrs Cyreedy
N = 64, K = 10, | pmas/pe] = 32 0(8.1016) 0(6.105)
N =128, K = 10, |pmaz/Pc] = 128 0(3.1030) 0(4107)
VII. NUMERICAL RESULTS

In this section, we present numerical results to show the
performance of the proposed greedy algorithm compared to
ndom antenna selection and optimal BFS algorithm. Monte-

both optimal brute force antenna selection and the propose@r!o simulations are done to show the optimized number of

greedy algorithm are calculated. For the brute-force $eal

rlgF chains and the maximal achieved sum-rate.

optimal algorithm, the number of possible combinations of Simulation parameters are summarized in Table Il. The BS

sets of the antennas is

is equipped with 256 antennas serving 10 users.

TABLE ||
[Pmaz /Pe] g SYSTEM PARAMETERS.
> Ciisa (19)
S=1 Symbol Description Value
For the proposed greedy algorithm, the number of combi-  f number of users 10
nations of sets of the antennas is given by N number of antennas 256
[Prmas /Pe] P, fixed power RF chains | 0.05
Z N-S5+1 (20) @ path loss exponent 3.7
5=1 cell radius 500 m

For each selected set of antennas, the coeffici@nis

calculated. So, we need one matrix multiplication and oneFig. [ shows the maximal achieved sum-rate in function
matrix inversion. The complexity order of the matrix multiof the number of antennad under the proposed greedy
plication isO(SK?) and the complexity order for the matrixalgorithm and optimal antenna selection. Due to the high
inversion isO(K?). complexity of BFS algorithm, simulation results for optima
Hence, the computational complexity order of the BF@ntenna selection are presented for limited number of anten

algorithm is given by

meaa: /pec)

Z CR_s41(SK* + K?)
S=1

Cprs =0 (21)

nas N, three usersX’ = 3 and p,,., = 1. It is clear that

the achieved sum-rate increases as the number of antennas
increases since it offers more diversity to the transmifthe
difference between the performance of the low complexity
proposed greedy algorithm and the optimal antenna sefectio
strategy is small.

and the computational complexity order of the greedy algo- In Fig.[d, we see the achieved average sum-rate in function

rithm is given by

meax/ch
Cgreedy:O Z (N—S+1)(SK2+K3)
S=1
= O[pmas/pe K*(K(N +1) @2)

(N +1- K)(meam/pcj + 1)

+
+ = ([Pmaz/pc] +1)(2[Pmaz/pc] + 1))

RN

of the number of RF chains under the proposed greedy
algorithm and random antenna selection for different \@lue
of total available power at the BS. First, the obtained ttssul
confirm the hypothesis that the maximal achieved sum-rate
is not obtained when activating all RF chains. Then, the
performance of the proposed greedy algorithm is signiflgant
higher than the random antenna selection because the greedy
algorithm allows to select the best antenna at each iteratio
Fig. @ shows the optimal number of RF chains to be
activated that maximizes the average sum-rate in function
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of the maximal available power at the BS. We observe t 4 L 5 = o = %
the analytic expression of the optimal number of RF cha Number of users /¢

obtained under equal received power and random antenna
selection fits with simulation results. Then, it is cleartthd'@- 4
the optimized number of RF chains obtained by the proposed
greedy algorithm is less than the number of RF chains Finally, Fig.[8 shows the optimized number of RF chains in
obtained under random antenna selection due to the adeqlid@gtion of the number of users for different values of the
antenna selection strategy and the power is optimally d@axmal available power at the BS. The number of RF chains
tributed among users. So, the proposed algorithm allows 'f§réases when increasing the number of ugeérsince we

use less number of transmitted RF chains and more powePREd more RF chains for transmitting. Also, as the maximal

available at the base station for transmitting. Hencelonal  2vailable powerp,,q, increases, there is more flexibility to
to increase the achieved sum-rate. use more transmit RF chains. It is clear that the computed

Now, we investigate the impact of the number of usks number of RF chains under the greedy algorithm is less

on the system performance. In Fig. 4, we see the maxMH?‘n random antenna selection. In consequence, there & mor
achieved sum-rate in function of the number of users uno%\fa'lable power for transmitting and the system perforreanc

the proposed greedy algorithm and random antenna selecti§remeliorated.

So, the optimal number of users that maximizes the sum-rate

can be observed for different values of that maximal avéglab VIIl. CONCLUSION

powerp,,.. atthe BS. The proposed greedy algorithm allows The downlink massive MIMO system with non negligible
to transmit with less number of RF chains than randomircuit power consumption is investigated in this paper.

Impact of the number of usétf on the system performance.
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