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Abstract

We propose an optimal number of transmit antennas which maximizes energy-efficiency (EE) in multi-user massive
multiple-input multiple-output (MIMO) downlink system with the maximal ratio transmission (MRT) precoding. With full
channel state information at the transmitter (CSIT), we find a closed form solution by partial differential function with proper
approximations using average channel gain, independence of individual channels, and average path loss. With limited feedback,
we get a solution numerically by the bisection with approximations in the same manner, and analyze an effect of feedback bits
on the optimal number of transmit antennas. Simulation results show that the optimal numbers of transmit antenna getting from
proposed closed form solution and exhaustive search are nearly same.

Keywords : MRT, olU# &4, F24¢9 <talY <, limited feedback, T}F AM&2F T} <telL dlgke) 3 A~ ¢

Ceasel, " A, dAgen A7) dE et

N rel & a . N
(Department of Electrical and Electronic A ot FA R A% Tl S7E 5 A3
Engineering, Yonsei University) S7F stAA, diole EfEe] 85 I 7ska5A

© Correspondjng Author(E-mail: cylee@yonsei.ac. kr) o& Zylata gtk o]& old] WA= Efy R

% o] EEL 2013U%E AR (W&o A9 e oo e e eme A

0% FFATATE] XYL uko} _rzsg;] e b wAlE Asr] S AW 7]sE massive
AR 4d (NO. 2013R1ATA2012846)" multiple-input multiple-output (massive MIMO) 7]<

Aad Al 20149099239, £ A4k 20149109259

AAS: 201411104319 of el A7+ A, el massive MIMO 7

(2431)



34 MU-MIMO oteFd

&2 T30 W2 otEY 5 7Hgshy] ol ot
e o Hldgsle] #F7}elE radio frequency (RF)

chain®l| 4 ¢] /\H] Ao Qlsto] AA= F & A

6o A & 2= rjr[ﬂ o] 7 ol3le] A oty 4
= A OHLM & WM aEAYe AT
AN A A

2 =rodAe ts AREAF thetEly st A A
glo] Al maximal ratio transmission (MRT) 71® A}
Al oldA Zes A} sk #HA o $A4 St
o] gk A3t EAS st} o9 fARSE A
2 zero—forcing beamforming (ZFBF) 7| & AM&3}%
= W YA & digh HAs Aot At gl
ol ZFBF 71W& Ak A9, 92 gb ko]
AekA] HA g AS FAbete] fA hAast &
[4]o| A= TEe] QAo w2 path lossE 1#3s
Ak A Ao tgEA, B = g
ko] 9 Aol wE path losst MRT 71H-S A
Qloj A W Alel = v 7 7S 2 2 3

a gl =gk AAE 7)A 5 7# TR RE
Aol ek BRE o] &ato] HolHE HFa}7]
of NA=e AEAR QA= vj$ Fesith welA
B =wdAe 7IATAA Al g ARE 5 &
3 %)& full channel state information at the
transmitter (CSIT) 2743 F-E2Q1 A AHE &L
A% limited feedback 7oA #H A3} £AE thErh
Full CSIT #7481 4%, #A3} Ao 54d 4
< B3 TS At "rles 9 HA sE T
gth, WA limited feedback 7 olA=  bisection
method& ©]-&sto] oA &&& HUs} st 249
S <tEHY 5 Fgith tEo] AlgE v=y HE
T2 Qe WA= A {77 YA &l v
G, 2o E HA FA SHHY o] HskE #
A gkl

Y oo |y

4»
fac

L

2 HE o Y

2 ooy X

Ma e

ol
g N
oge Koy

=2

—

i

|
¢

o. A& 2HY oK &

1. A|AE 2H

a3 13 o] &te] massive MIMO 714513 K
Mo wo] EAjstE ths AREAL s A Al=HlE
gl o714 massive MIMO 71252 N,712] 4

A SrEE A3 on, KNS B 27 1))

N2AEoMel MRT 719 AL Al AIUA 288 Ztistste 28 &4 AR LS + olg+ 2

CtE AREXE massive MIMO SHEF2l3 A|AE
Multi—user massive MIMO downlink system.

4 g AT vk AR 2w 7
=13
=

= A ol LBt
NNA=H K S

Apo] €]
Gec" V= A ()7 gom, 97 ck Bad A
&S om g},

gi1 -+ Yin,
G=D"?H=|: . : |, (D

Ir1- 9KN,
oA7|A, G 7t AE g, 7IA=E kA FEH e}
mAA G Alolo] Ad AGFE on|dt}t. T3 large
scale fadings YERE D = diag{B,, By, s Br}©
W¢/dye kAA el tigk path losso}
shadow fadingS 2|7 $tt}. Path loss df = 71A=3} k
HA Sk A 4,9 AR EEAT o2 A,

shadow fading ¢ ¥H¥ro| (0], #4ko] o791

Z]l— /%]l-'\if ﬂk:

log-normal %2 7kAth w3 H= [hf hl, . hE”
+ fast fadingS ov|shH, A e st 5}
2 AL peC e 7 RS Hito] 0],
o] 191 independent identically distributed (iid) 7}$-
Aot X5 w2

[0}

M
2

7t Full CSIT eH40Me ®EE
Massive MIMO 7]A| =& 24 tdo] =4l signal
to noise ratio (SNR)& Ztislsl7] 913 MRT 7IH&



20149 118 A5 ==X & 51 A H 11 & 35
Journal of The Institute of Electronics and Information Engineers  Vol. 51, NO. 11, November 2014

ARgatH, olu] Z1A]=e] Al AEE A (28 2ol b

'*H
2~ o]
E}' =2 T 9%]:]' Pkﬁk hk Al{|
2 e VP 2) Ton™ "¢ AkH @
Xp—csIT— &Sk hihy
”h | Z VEPBy T e + Ny
= hy
A7A, 5, BT 22 kHA SRS 93 S AEd)
EHA o] = $A dES ongith aela
I+ 1= W norm& ©lm&ka, (+)"= Hermition % r= ,Zjllog? 1+ %, ®
e Lpehac,
A @] FAMSE g, 9 signal to interference
2. aH My Y
plus noise ratio (SINR)% Zvzy 2 (3), (D)< ).
Long term evolution (LTE) (5% 7]Wto g2 <teu}
K hhH 2=o] H|#5t= RF h'o/\UﬁE'_ﬂ‘%ﬁ 3} 7] %
Yo vor = VEBBs,+ D3 /By M s, +w, (3) T l_ EEE chain®| L_a:] ] lj
I=L=k o F AR AHL A (9 o] By & 4
, K
~ B PkBthkH ZPA
kp cor ’ k=
cs K hkh{{ 2 (4) 77(:[_7;)+ P, +P,. 9)
V Plﬁk || ||2 0 P _ feed
I=L=k hl fotal (1 - UD(/‘)(I - UAJS)(I - Ucool) 7
A7IM, wp = WA ) SARGeR el 091 o)) = ST B8, P, HE 24 DS e
:ﬂ" %&O] ]VE)?J ii.d tﬂ'l]v\l‘J 7]-_?‘/\]?1‘ %E% 71‘61’4— l{HE]— :la'ﬂ O-f(%(id’ Opcs Oms> 0-(3001% Z}ZJI— ?__Eﬂ]’]'
K7 @l oigk AE5E] 3 4 59 Zo] ¥4 237, DC-DC A8 237] ol Ag Z3v)el Wzt
. 719 4 Agolth 7 gl x aHse Ade )
Aol A Avlske gl vla)] w9 7] wfdol] g
R= AZIIOgQ 1+7kp ("su) (5) 6‘}-2] %’E‘q EETS]' RF Chain94 AH] Xd—u Pm% }l]l
(10)3} o] FAl QbeHY el Hldah= 54S 7Hxioh
L—l’. Limited feedback %}%:)IO”A—I_O_I I._-I—/(';—% P(:ir = NT(prl(z(:+p7ni:E +pfilt)+psy71’ (10)

7 gdo] 7| wo g Ald HARE v=9 & uf )

g WE o] Weks prle v=w HER 42t} o

Amoz gt ol Zb @2 massive MIMO
L

FF
d
J

047]}\1 R,, :rL/H O}_‘— Pdac> Pmiz> pfl]f’ pSJ’!I

digital -to-analog converter (DAC), %A, ¥, A
Z]el| A Au|EE Au| ol

A<t A9 FArsl W Ql random vector
quantization (RVQ)E Alggttta 714 el® 7]z e

3. Xl =8

d=vg g de ASE AL ke TE o oA E&e HEE P oW 2REE gL
K A N R
LM kf 1 Hth \/—Sk <6) Oﬂ L_]X1 T Ptotal <11)

olu kulA whate] 440 SINR} AGE T 77
A4 @), ®)3 2o,

(2433)



36

1. Full CSIT
ANATe AT
FagT 7 g,

e 71AZ S40 ckebe)
4 (12)9h o] YT

*
Ny = argmax

)
Ny Pt

otal

ayy A (12)9] HAsE A= S ot
wet Ad o] 5ol Waly] wiTdd 7] 01%]5}. -2} A
Hit Ad o5, 2 o Ade] 51 path loss
£ Fo. Ad
| massive
(RANEPS
Al Zg A o]

e & oM

B b2 1]

A el #53H
{I‘L Al (12 /] Z]?ﬂ
8 ZAE 4 (13)7 2o

34

Nr

Klogo| Wt e mN TP
~ arg max )

N Tt p. P,
77(1 - Ufeed) e

st 0< K= N,

Ny

UMS)(l - Ucool)

fols
o

ofr & o
> oy
fitl
W

K o
<
N

=

i)

2 2
T
o,

X0 o =2
o >
ol
o 12
o

AL

g
Mo = 4 o 4 1

)
:oé
=,
N
L

19
I,
!
>
BN
2
oft
B
1<)

(2434)

288 A0alste 2H &4 QH LS ogs 2
. Klogy(1+(Ny)
Ny argmax—g e 19
i . 1
>t C_ (K71+KNO/PT611W)’
Q= Pdac+szr+Pfilt
(1 - UDC)(l O-]WS)(]' - U(:oo[) ’
"t po4p
o= U(l_ of(zcd> o sta
(1 - UDC)(l - UMS)(l - Ucaoz) ’
0< K< N,
2 (1495 ~Noll #sto] AnjEshd 4 (15)9F 2,
¢

2 (15)& BEHSE a, 6, v& A3 a=1+¢V,
B=w¢/Q—1, T y=lna—1% 77k A&t A

(16), (A7)} o] Yepd & it
B=a(lna—1)=ay (16)
gz e (lna —=¢Y a7
HEHoz 2 (172 Lambert W-function

(M) =208 Holmz 4= (L) elgse)

dquA] 282 Huslsl= HAHo £ ¢tHYe &

21 (18)1} 7o) closed forme.& & 4= ot}

K 0
Np= ([(— 1+ 5 PT)(a —1) (18)
2. Limited feedback &4

RVQ S AFE3lE point-to—point multiple-input
single-output (MISO) Al2="lo| = Adol| djgt =t
8 o7 st 1olog,(1—2 7"V) o] SNR £4lo]
”L‘gag A & 5 ATl o}7)dlM B = u)
E FE ‘JrF/WiE}. A © F point-to—point MISO A

2] g5 do] 1749 gteluE 7=t AR

o}
=



20149 118 A5 ==X & 51 A H 11 & 37
Journal of The Institute of Electronics and Information Engineers  Vol. 51, NO. 11, November 2014

2 a8 a AlzElog sgo] sHssith = v
iH“O] A2 =gHol7] wie] 2 (19)9} 7ol %zs}
72 2l 7= A= b4 AlEol wejA T
EHXlU%, M9 A7)E full CSIT 34 Y wjo} L3
o},
Elhd)/IR)P) = Elhdl/ IB)P] (19)

HAZEH 07 limited feedback Mol 23} &
Ae A (2003 2tk

B
72A}71

](Zogz(1+CNT(1*2 ) (20)
QNp+w ’

X
Np=argmax

Ny

st. 0<K=< N,

21 (2009 HA3 EA9 = closed form HE|E
T AL future work® F7|H, B E=FAME=

hisection methodZ o] &3t}
v A #

2 G AME A MM v HA3 wAE &
T3k 2] (18)9] closed form 3¢} exhaustive search
el
3]

2

o%

ARG }04 :rLZSL A FA QU] & vl
A ¥ 19 2oy 4 (182 3
Al ‘Jr Tt AFEE 7P S
o] FA1 Rtey 5 ZAA g
o] ol whe} A|etst= closed form 3l
EA34o] thdt exhaustive search B9
> QbelY =5 Hagiet

A3 A3} closed form-% HA &l oY 47 &
AL & EAE4o)] th3l exhaustive search ¥ el A}
o} Zrow A} A exhaustive search 9| Ayl
Ho 788 eA7 des & A

o] A& nigo g Ad o5 M9 A7, ¥
3 path loss®] ZF Hir k& o]&3to] 4 (13)2= A}
st HAo] BEdS o 4 Atk "gE] closed formS!

2] (18)¢] AF7} A} 3 exhaustive search HH S &

o % M

H

f

N

h=] E [e}
g ek HA FAl Y & J8e A RS g
olg 4= it Alotd WHH-S exhaustive search “c} o

WS e BAEE e, ane] g &

=
B glel A1) $41 e $F 28 5 Qe B

N
4
X

¥ 1. Zody =4
Table 1. Simulation environment.
Parameter Value
The number of users 2 ~ 12
Cell radius 0.2 [kml]
Transmit power (P;) 275 [dBm]
Noise power -114 [dBm]

388, 6,9, 7 [%]
156, 30.3, 20, 50 [mW]
1, 3.7, 10[dB]
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Fig. 2. The optimal number of transmit antennas by the
exhausitve search and the proposed closed
form solution with full CSIT.
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