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1 ZPXZRAFMERE

Figure 1 Multi-cell multi-user network model
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Pgs = Py + Ny Fe, (5)
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Bk 1 SR

Stepl Initialization

P(N¢—K+1)gp, 3
NeBYK _logy 1+ b 5
b KPS 1eB,1#b Ik, 1T KO

Ny = NP, K = K° ANy = AN?, AK = AK?, EE(Ny, K) £ yae Ty on

Step 2 N Iteration with Given K
If EE(N;, K) < EE(N; + ANy, K)
While EE(N¢, K) < EE(N¢ + ANy, K)
Ni = Ny + AN
End
Else if EE(Ny, K) > EE(N; + ANt, K)
While EE(N¢, K) < EE(N¢y — ANy, K) & Ny — ANy > K
Ny = Nt — AN
End
End
Step 3 K Iteration with Given N¢
If EE(N¢, K) < EE(N¢, K + AK)
While EE(N, K) > EE(N, K 4+ AK)

K=K+ AK
End
Else
While EE(N¢, K) < EE(N¢, K — AK)
K=K-AK
End

Step 4 Judging Optimality of Ny and K
If EE(N;, K) < EE(N; + ANy, K) or EE(Ny, K) < EE(N; — ANy, K)
Go to Step 1
Else
Optimization completed and Return (N, K) as (NPt Kopt)
End

3.3 IARERAEIE ST

T IR SRR B IS AORSRAR ), A2 — A AR 1A il R AR 75 AT LAUSCSA B R A A 2 %
U, AR I RE R IR A M PR AT 0, BAE ORI SRS R B S B DU AR
BUREE R ZHOR T B O B A 52, BLAR AT B R 8 B Sk FUROhA s B, AR5 FE LM
BEAT M. ARFE (6) ATHN, AEHARSEE RGO T, RERERCGREEIE R N, MIREM S K 1
YRR AL, BN TR AT, 23 E AN ST R GERERON F1 — S AU Mg, XA
b fRp A AR B S A — L

3.3.1 ARGREMAX T RS REHAIM O

RIE (6) AIE1, RGFEMRETTLLE K2 K NRT Ny BT EREcef, Bk, w7 L1 R4
KT Ny B MEREAT 70 08, 85 B T ek B 5 AS 2 R REROS T N, BT 1.
é'\ a = N¢.B, bkb = ngz,,b7 Cky, = PZ[eB,l;&b Gkl +G27 Eﬁ?ﬁ aabk’bvckb > 0, )n\ljﬁ (6) mua&%ﬁk

K
EE = fi, (N3, K), (8)

ky=1
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RMEII, RIE, fi, (No, K) = St T RS RAE Ny (BRECREI. SL, TR 241
B2 A — A MR FOE PR (8), FTLE R BE 6T N, RAEMH.
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ﬁtiﬁ%*ﬁ%é}iﬁ%&*@%?ﬂﬂ)jiﬁl KRRk B, b€ R RAH N, A& [ E AR, Rl (6)
F) 5P s e N EIEE A S OO B B T 2, DRI R X R

P (Nt — K+ 1) Vi, b
Nt; Z logg (1 + KD ZleB b Ve d ¥ K02>
KPP H K M PEEAT I e, BT X B8 KR SRAMI U, AT 45 3 B ok AR KAV,
PR T K SR FH — b B A RO AL 2 B SR 18 BE RIS T FH P 5 .
FEIEAA T, AR A L T A SR AL R R 3 v, il Ui e A1 T UL ] R vl a2 [l e
é‘\ bkb = ngb,ln Ck, = P216371¢b9kb,l +U27 Eﬁj\iﬁ ck;)?bkb > 0. EEJH:, mu*ﬁﬁfﬂﬁ
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*1 HES% [10]

Table 1 Simulation parameters [10]

Parameters Values Parameters Values.

Number of cells L 19 Cell radius R 250 m

Path-loss factor o 3.71 Carrier frequency f 2 GHz
System bandwidth 10 MHz Number of sub-carriers Nc¢a 600

Bandwidth of sub-carrier B 15 KHz Noise power spectrum o2 —174 dBm/Hz

Maximum transmitting power of BS Pphax 43 dBm Efficiency of power amplifier npa 31.1%
Power loss factor of DC-DC opc 7.5% Power loss factor of cooling ocqo1 10%
Power loss factor of antenna feeder ogeeq -3 dB Power loss factor of main supply onms 9%

Power consumption of radio frequency Prp 12.9W Power consumption of baseband processing Pgp 29.6W

. (Nt + 1) bkb In2 (Ckb — bkb) (Nt + 1) bkb In2

(Ckb B bkb) K2+ (Nt + 1) bka ((ckb - bkb) K+ (Nt + 1) bkb>2

_ - (e, — b)) K 4+ (N + 1) by,) + (Ck; —by,) K (N, + 1) by, In 2
((cry —bi,) K+ (N +1) by, )" K

_ ((N; 4 1) by, ) In 2 (14
((Ckb - bkb) K + (Nt + 1) bkb)2K.

BT K >0, BURIER (14) B 24 <0, FrLLRE y(N,, K) T H P30 K MGeit Ear bl
B R — UL, A RGREBST I i K AT O R — 4N M1 e 4

3.3.3 B RUEIMTTHS

fE LRSI, SRR — WA R FE R IERESEBLN. fEN)E, ZREER P
HOBIE AL RGO IR EH, MAESNR, WK b 0 S 0 R 24 K i 5 i 3l 3o s At
—BERNREAERRIH . N RBE, 5N ER, RERERCEE DS R

4 HESH

ARTTRER AR EEREAT 05 o b, TR H 19 AN BB R B 5 o A AE /N X
W, FE T S UL 1.

B 2 S R FH 30 2 T AL AN [ P Bkt R 2 80 55 P 800 2 P 2 Gt RE Ak T T, EL o gt i PR
XL RIS ASE S R 12, R EOF TR I R R R B 2 R A (NP, Kovt). &I HmT
LU H: 1) REERERCR T REH N, M8 K BIBREGEM Y, IR EES F - B e —Fh i 4l
A (NP KoPY) AT RS RERIAT KA 2) P SE RIS, it 2 ORI R BBk R 4
BB I (1 e R R 2 8 NYP Sl P 4 Kopt, B NYPY = 47, KoPt = 27, TR B UL 1 R AEE
TGS T7 T ER Ny > K, 10 B AR R S AN AR X — 2, TR,

K 3 SRR AR R R, R O 8 K, PR R I R A N RIS ARG
AFE T e KA R GERE RN 1 i e R 2 8, /NSO R i ZRom Ry eI i, KR 23 0o [
Y Fona AR, fEAAREZRTT . WEFRE R 1) RN K = 1 THRIER, xR
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Figure 2 System energy efficiency over the number of antennas and the number of scheduled users when using zero-forcing
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Joint optimization scheme of antenna and users with maximum
energy efficiency for multi-cell MIMO systems
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1 School of Electronics and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2 China Mobile Communications Corporation Research Institute, Beijing 100053, China
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Abstract
to the number of BS antennas and number of users is first derived by considering a realistic power consumption

In a downlink multi-cell multi-user MIMO system, the energy efficiency (EE) expression with respect

model (PCM), including transmission power consumption and circuit power consumption. An energy efficiency
optimization problem is then modeled by jointly optimizing the number of BS antennas and users to maximize
system EE, and a two-step iterative searching algorithm is proposed to manage the problem based on the existence
of an optimal solution. Finally, simulation results show that the proposed antenna configuration scheme based

on optimal configuration of BS antennas and users can significantly improve system EE.
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