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Abstract

Under the maximum transmit power constraint and the minimum rate constraint, we propose the optimal number of
transmit antennas and transmit power which maximize energy-efficiency (EE) in multi-user multiple-input multiple-output
(MIMO) downlink system with the maximal ratio transmission (MRT) precoding. Because the optimization problem for the
instantaneous channel is difficult to solve, we use independence of individual channel, average channel gain and path loss
to approximate the objective function. Since the approximated EE optimization problem is two-dimensional search problem,
we find the optimal number of transmit antennas and transmit power using Lagrange multipliers and our proposed
algorithm. Simulation results show that the number of transmit antennas and power obtained by proposed algorithm are
almost identical to the value by the exhaustive search.
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S omgth Ade] 7 eSS A¥EW, D=

diag{By, By - Bx}i= large scale fading= WEFTE D
o) 7t AR g =vd/die kAA Sel dig path loss
dy ¢t shadow fadmg ¢, SHEU o537 #HHE A ¢
2 A" = A= kA GEt A g%
AR EAAFT oF TAHEIL, (= 10log¢ ~ N0,02,)

WEXE 7R E=3 H=|h/h/ ... h}]7E fast fadingS

ojwlahe, g A ©de] gk ke = Ad hec M
+ Rayleigh flat-fading Adolx Z}zte] A& At

0, &4F 19l independent identically distributed (ii.d)
7H9-A1Q WY W ot

AqUA &2 HolE HAEE & RS oW ARHE
T AHE A9 PR UEoEM, 2 (1D)F o] Ao
4 9ok

- R
qUA &&=
Ptotal (1)
7t. HolH ®&E

MRT AA 2 78S A3 massive MIMO 7] A=

o] FA AlFE 4 ()9 2ol yERE = itk
K hf
x = 2T TV Prse 2)
k=1 k

A71A, s, P 47 kAR GRe 98 S s

I FA AHe ouldit}, i AL | . = 9



20154 8 HX}
Journal of The Institute of Electronics and |

o=

oI AL

norm& 7|3k, ()7 hermition A4S YERIL
ERA @de] AT ¢, 9 signal-to-interference

-plus—noise ratio (SINR)S Z}z} 2] (3), (4)9F 2t}

A hh/
y:\/PkﬂthkHSk"' E \/Pzﬁkﬁsz“'wkv 3)
I=1,~k !
P, B, h P
v =
' EAJ Wh H|2 (4)
I=1=k o b, 0
A7IA, w, T 1id EEF ZEE Fato] 0, Ake] A,
Q 57} wa) 7FASE e A5 e,

HFAoR K/ e g dHolE HFE I

2 (B¢ o] xAH

=

P,

total — ’I7P +N,

tran a

Pp

(6)
ol pi= AJPZ AUx & AL B
chain® P A AL

o AH45E= oteLe] % po Folme] A AREE

o
ran = RF

LAY, NE AA S

- 1 Ty

A9e A9 # U7 RE chaine] 28] 42, P 7]
g fzda cuHE 498 den, 7 ol
aujahs Aee A)ARAA 2ulas Ao v vl
$ 7] gEo] ¥ wRolAE wea 2

ot 2= 3t 2K

A 208 AP IR w8 P A3} A
= A 03 2ol g 5 A

R

]\faFF7 P,fE =argmax
Nos B

(7)

K K
St D P < Py Ylogy(147,)= Crin 0 < N, < Ny,
k=1 k=1

A7 P 9 C2 AR 7FsdE Ao A A
7 9= A doly dEES Ve, N9 N,

15+S

el

==X X522 M8z

nformation Engineers Vol.52, NO.8, August 2015

(1407)

}7F Al

2 AAR AFEEE Qe S e 7] H
Ag7FER StHlLe] g elmat. ol

e A9L P, 0le 4o

PN
= T
= I~ =
< T=

)

o) A%ES W

(D] H43 ZA= A4 o= 2 path loss7} Al
o] YA, FAl QLo ol whek Wste s
o] ot} wbA] Jensen's inequalitys AH&-3}e]

2ol Wit doly ASEE A

1=3

P k ﬂ (I’U"NL

Klog,|1+
g2 Pk(K_l)ﬁaw +]V()

N, P~ argmax
NP,

= ,(8)
7/2Pk+MPR+PE
k=1

K K
St D Py < Py Ylogy(1+79) = Cpins 0< N, < Ny,
k=1 k=1

ko

Lo el

u ot} )47} massive MIMO A|2~#]
tgomz i Ad o5 E[hF~ N2
o, A =70l HEF Bk 7 e
@0l whitel £ [nhf/ih|*] ~ 12
] A Well w538t St EB,
7k g

4

ke
=

(0

—L
T

ol

7}
A} 12

o]
%
il

o
:);1__11

=
o] A2
2x

alo

Q

_l?.i

!
o

3}
5

A& W pol thske] pseudo-concave function

o

—

ol weba A HH 8 A wEA EARE ¢

oh ey de HAE pF AlgE 2319 s

o,

X

A
B [Prins Poa) & LEISHA WEEAL 2 (8)9] 3171 =
T AL oyth A8A oz HAg A9 s 4 (9)
gp o] Al 7HA] g2 vhrol AAd 4 itk

P JK, Pn, <P, <P,
PE={Pyin/ K, P' < Py < Py &)
P'/K, P, <P <P,

v wwolMs pF=h,, /K0 735l WE 49
St 5 Nt dta, veA pF=p, /K PF=
PSSl digte] HAH9| sty £ 247 A,
N, 2 Aolgt



MRT 71% AFS Al THE AFSXt CHE OEL} st8ria

=0 O

. oAl 28 Z[ti=lsh= 2H2| 7|XK=
S4 QL +2F FF9| 4 T

98l Al 7HA] Z-g-ell tisted, ol
Aol 441 oty L} “/I:Q]r EA AE
;(_]-Dq PkLL7]_ P /KO] 73 ‘,,]XL/]

max

(7114 4] (10)2F 2] closed form

KN,

)(a—lL

ﬁ(mr max

1/(K—14+ ——7—

m axﬁavr

st.a=1+¢N, (=
wetx P /K BSE
of tiste] A9 e}

EE =p /K7;|o

min

1.
S A8 pFEvE i‘li dlofEl %

uheba] 4 (1) ZELO] P, 3 N EA] meds 2

min

Al HA3 wAR G 5 Ak
E’Pmin
Klog,| 1+ =
[N an
‘Pl]'llnﬁ(HT
~ arg max
NP NP+ N, Pyt P,
N, _
s.t. Klog,| 1+ B KN, > Chins0< N, < Ny
R Pminﬁuu'r
Az A5E] U AT 242 B8 4 (DS AH
dai 4 (129 2& 149 J45 BA= A,
_ ol
N =~ argmax ; -
N, 77Pmir1+]VuPH+P('
= argm%n anm + N, Py+ P, (12)
. EN]| N, B
St‘Pmin*—ﬁ Q(G.n/1i7+1 K|

NS

(1408)

oMo oHX £ 42 At FHFE U2E OlF+ 2
(13)3%} #t}

= oG/ gm0 | B Pr

N=2 log,|2 kN, | 13)

AFHoR, dod N, & B B, s TIE 4
(14)¢}

-~ -1
KN, o
min B 2((‘,n/1()+1 [(} (14)

2. PP=pP' /K 8%

2 Ag pE7Y oA 288 sl P/aY
A%, Adsk BA B K9 B FAR o RE
2 (15)¢F 2ol 224 H A s} Tﬂli Ak

N,. P’

Klog, 14—
KN,
PR ) (15)
P ﬁ(ll,"l‘
~ argmax " ;
NP nP +N,Pp+ Py

gy HAsk A (159 A, Py /K 735olA
AgE PHOE E F itk 1 olfE, T uS A9
PO IAE & & gl7] wwolth wEhA daEs 1
% B3 T We N, PE BAl6 2T

dugF 1.

o 19A @ W %273}

A=0,P, =P, /K £\ AFE (A) A4,

o 20HA 1 N, ARt B oA g8 A

27138 pol diste], 4 (100& ol-&3ske] N, A4k
AME NE o, duA &S B8] A (16)3
2ol xoll A%

- N
ogy 1+ KN, )
K—1+ 5
)\: _ avr (16)
NP+ N,Pp+ Py
o 39HA 1 FA AE P AL
g £ (NE A ADF 2ol A9



2015 83 HxtE%s

Journal of The Institute of Electronics and

£ (\) =max |logy 1+
)

Ny ) ’
K—1+ (17)
Pkﬂam“
—X(nKP,+ N,Pp+ Py)

71X, $4 A9 p= AR o 4 18)=

Ahgatel 3%,

e =

)\’7’]“12 - Bzwr]v; ’
Klog,| 1+ K_1+( N, ) (18)
LN = Pkﬁam“
‘ NKP,+ N Pp+ P,

T FA A pE EH LS A

o AR S Bl TR
N1 —\) <A & w5 w7bx] 2~357] HkE
T x5
v. & o
¥ 12 B =R gE HHs Al digk A
st o)t} Aotele duFES Fd Ao A H F
2 QY 5 AFHS /A RE vked § g 8
A e zkoll thske] exhaustive search 2434} vl gk
. pEE7Y P K S dUA] G SHA 2

= FAAE oz A3l Al
Qtellvh HA sk EAlel i TS 1H

e
4
%2
&
)
[\
Ir
ob
>,
2
)
v
<
o
fn

o

A P J KD 735l
Foll & doly HEE, ThH dE, o
LERdTE <Ll 3l
log &+ FE2 F71ske b, F4H]
ol HlElate] HEFgH o

=
A 5ge B4 G 5 AFE 37
A

o
-

oo & @2
o))
2 oy mo L

XN
2L ol T

i
>
A
olN
N

_?[_t‘
2
=
o

M o &

L e

9

Loy of
B 2o o

of
-

=

lo o

rr
=
i)

concave 3 Hj

Huy 57 EAS & 5 ok wahA
g ek Qheue] ARES dlolH A
7tAE & AT oA &8 Sl
o ok

Ape] 7k 6~25% & o, AlQtels &

r oo

&

o

co M
o _ﬁ ofy

A g

o,
o,
I

o

>~

=

oo
pacd

=z
fol

]
ot o
o 2

fo =&

=X M523 X8
nformation Engineers Vol.52, NO.8, August 2015

1 ZodH =4

Table 1. Simulation environment.

Parameter Value
The number of users 6 ~ 25
Cell radius 0.2 [kml]
P 275 [dBm]
N, -114 [dBm]
e PRv PE 1/012, 2 [W], 10 [W]
Voo, o, 1, 37, 4 [dB]
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