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Abstract: An uplink energy efficiency optimization algorithm based on alternating optimization algorithm was pro-
posed for large-scale multiple-input multiple-output (MIMO) systems with low-precision analog to digital converters
(ADC). That is, based on the maximum ratio combining (MRC) reception, an optimization model aiming at max-
imizing energy efficiency was established, and then the original fractional form optimization problem was converted
into an equivalent subtractive form according to the nature of the fractional programming. In the case where the
number of quantization bits was constant, the iterative optimization of the transmission power and the pilot length
were performed. Simulation results show that the proposed algorithm has better spectral efficiency and energy effi-
ciency.

Key words: massive MIMO, ADC, alternate optimization, energy efficiency

Yeim B E: 2019-07-01; fEEIHHA: 2020-05-25

HEEWH: AXARBHILSEBIH (No.61501158, No.61379027) ; #ILEHHE TRFILEZHINH (No.LY14F010019,
No.LQ15F01004)

Foundation Items: The National Natural Science Foundation of China (N0.61501158, No.61379027), The Education Department
Foundation of Zhejiang Province of China (No.LY14F010019, No.LQ15F01004)



91

BIERE 2020 5 6 A

jilll3

1 3l

WAk, BEAE JC 2l fa (1) K e LA S 2 AR
SRR R, KR Z N 2 5 BOR e S 71
Sy AR TR SR, KM e FR G IR A RO A g
BRI, FE BB MIMO RZim, 1 TE3ik
Ui IRV AR R Ze b3 B R A% A 2% (analog to dig-
ital converter, ADC) WU iHFELBA RILRE A
(B Ty RAREIG K . Rk, A PRC R Gl
PESCARFIYRERRHE S ADC 8k 2 R RS
WIS L S5 SR 31 I I S i iR 2
T AAMEAT GRS E ADC i ik 1) R 40 id %43
Ko ZHEICBR[A1TR I TRACK B ADC R AL
ot P AR S P S AL e FE BT Cadditive quantiza-
tion noise model, AWQN). &% CHR[5]$EH B
1 1 A2 ADC (1583 KR MIMO 24t . 2% k(6]
SIAT T A FAICKS FE ADC 1) EAT KRB MIMO (1 1]
IRFH R (g AT 2k 2, FFFL T B RO &
G AL IE M AR K S o 2 7% SCHER[7]8F % KRR
MIMO #%4¢, {ERMAFRKEER) ADC LUK R D)
RIEDLT, WFIT T LLRGAE R N B AR S0
KIEAL IR, ABEA R ARG EREE. &%
SCHR [81HFJE T 75 28 40 42 Ty #6249 T 1) R A5
MIMO ZZeHT, AKX KR A RE B ORI
s, ABLERRE o TN, FEBA % 18 SE PR 1M 1)
RIWHE, Mt Bk . 2% 3CER[915H X 15
TR DA SN 2 /MK MIMO R 48, i
FT PR S AE . T I0 Dl 3 A D 2 1) 72 U5
SIC IR, AR AT H & MUK ADC X BERLIT
AL

BT UL BT, ARSCER G E/NXAIRKS B2 ADC
KIBE MIMO R G 1) e 25 a) @il gk AT 79T, 75K
FEL MIMO _EATHER% R A MRC U k%
59, JHHES RGP ARG RA DIFE M R
Hrak, SRS LU P R e s A D3 A 2 R4 AT
AT BRI, FEAR A 43 B R M T

K 70 B0V AL 1r) U A0 D 5547 1R AR
e, FESLEERE b, ASCRAAER A SIS,
FEEAL AR R TG DL B, 6 R D5 A 2 40
KPERAT A PAIEACHE B o

2 RipiRE

FJE—A /N KB MIMO _EATIEAE R
gt, NXIEINECH MARRER, % T/ MX NI K
ANRE Y, B 7 3w — A i e Y sk,
NEEARRAIIFE, N RHRIRERRC SR ADC,
KA MIMO AT RGN 1 iR,

1
////( ST ADC

IfnJ,lhz:l—vﬂ- I AT %;H%:

STPRE ADC .
i

H Pk - mv
SN | ——

M bip it ADC

B 1 KHBE MIMO AT REiAER
BB A5 5 y W LR A -
y=\/;Gx +n (1
Hep, p ZRBAH P RS I%E, G=H D"
FoRERuTRT K AN P Z I TERE R, H oK
M x K HERIEE REOERE, D =diag{B,5,, ",
B} Fon KRB/, Hous g, &M k
R R R TR REL & 208 K <1 4ERHE
S, n R Mo VYER I s e g
K0 AQWN BRI ADC [958 A iod R A
WA G5 RoR N BAUE S MY ADC fA
55 AR E AR, M2 IR B2 ADC
AL I AR S T DR IR -
r=ay+n, 2
K, a=l-p, p WEAGEBEILHEL, n A
REWNE S y LRI AR, ADC HJEALLE
Fr8CH b, b <SBF, XN a BE 1. 15> 5

N,Eﬁ@%aﬁﬂuﬁﬁﬁakfgzﬂ




m HRE5F%

.92 .

£1 TRIBUHED T o MIEHUE G=G+G (5)

R B S Sob, G BRI, G RRRTI R,
o 06366 08828 096546 0.990503 0.997 501 'fm 1?511‘1359’5%@ M‘: E’Jﬁ%jj

AL B Ty 2 o o W*ﬂﬁm )

R, :E{nqnf} :E{(r—ay)(r—ay)H}=

(3)
a(l—a)diag(Ry)
Hob, R =E{p"), SilEaLia
R, :a(l—a)diag(1+pGGH) (4)

21 LTS

B AR EIRSF B AR, JF AR5 KE
i T symbol [P 25 (] T B N, A5 TE AR A&E S
TREFANAR , AHTI5F [ () B& N 15 5 A el R an 1] 2
P, AE—ASAH I (Rl RE N, R A P
RIEW)—H K SE N ¢ symbol B 5 H0F 51 % 15 18

HEATAN T, H(T —7) symbol HIFF 5 3T 4L
A %
SIS BT S
7 symbol
» T symbol o

P2 A IN i) T A £ 5 it 7

" 2 2, 2
“ratp B +al +o;

H, o :a(l—a)diag(1+ptiﬁkj y DLNF
BN, © SR .
2.2 KRR
s i g % FH P ki 45 5 K H MRC #2,
FEAFTEAG T, AN S RS 5 A
r=GHy=GH(a pde+an+nq)=

A A - 7
GH(aJ;d(G+G)x+an+nq)
e, py BB IO EAE D%

Fea (7D JIT, LSRR & AN IS S

AH A
T = AN\ Dy 8 8% T
—_—
W ES

K
ap, Z glax +a\p, > &l'gx +ag'n+gin,
i=1

i=l,i#k

TH R
(8)

b, g RonH kAN BIPESEAG THETE, g &

TN P BB EE A TR, X x SRR
KN IR (MMSE) SMEBRE TG S0 PRER  A RIEE S
i, MMETERERE G W LARIR 55 ke AN A AR KA T R
R =1b| 1+ o’ p, ||§,‘:z:rk|| )

“%Zk&wmmZkﬂhﬂkwﬂ@"éﬂ

i= li

Ib| 1+

(9

@’ pyp (M +1) B

w’ (pdptﬂkZﬂi +(1-2a)pyp B + ptﬂk] +(a* + 07 )[deﬂ,- + 1)

3 IIEHFERE

KR MIMO ARG Dh AL LR BT 34

77 4 Ko
C1 1 3 B DR
A5 AR 3 B DA TBOR R, ) 3 45U



93 - HIERIE 2020 £ 6 4
KA T (0 B T ALy
R =£T(rp‘ +(T-7)p,) (10) (I—TT)Z&(T b py)
n q= k=1 _
Py (70", py
(2) s T(K ) (15)
BT 20 I FE 1 22 i e L0055 @ng&ﬁﬁm)

Ik ADC IHFE. 155 (K0 g ffi DIy E A5 A
P, = MP, + KP, + MP,,. (1

o, B RN WCHE B 015 S AR ThRE, Py
TN R I B B A A i D RE AT S I G AR
I FE, Py =D2"F/x ADC HjUjFE, I
Z7<:[10‘“,10*7], pc[L2].

(3) HoAhF e ThAai e

WHEE TR IR RS, X4 F
—NEEE By AU R0 (100 A0S (1) /T
DAS B MIMO R 40 THFEII R IA XA -

K
P, (b7, p,)=—(tp, +(T -

ME, +KP, +MP,,. + P,

4 BERRILEE

8 (9) Az (12) w40, [AE % e sE il
5 RGP I Th R BRI 05 51 K EERR A, mT A
A _EATIAS RS BE Rk N

T K
(I—TJZRk (7.b,py)

= max

R Y By

st. Cl:0<p,<P_ (13)
C2:K<r<T

AR 7 BRI P, rTRLRE S (13) g
AR HOR ) ) R A A5 A il 2 )

Qz = {irlapx (1__j§ T b pd q tot (T,b,pd)
B d k
st. C1-C2

(14)
o, g A—EBAR. #q N O i, W

b, o5 b py 2P AR RERE B BRI (¥ 05
INENE LA OVE e T )R

MLEE g N, LLO, i HARRR B LUK H ER
BRI AU Bl DR AL bR 2, (A
BEASCR ISR AAC SRS 5 H Fn e Bdb A7 70 i
FERAL LR R b BUE IS UL, R O, FAL Ll
A
0, = max(l——)i T, pCl

{f’d k

s.t. C1-C2

WREE 7+ py B4 XA
BT, TEARESI, SRR W22 SR 12],
SERIFVE Q) BRI (. p, ) » 50 LR AL L
FEHCR I EE, RIEE EE S K—4 (2,6, p, ) -
Kk, K Dinkelbach!Viyidk, ASC#H—Fh EE
RERAL T 5, (R UOEARE R S BT 1Y g,

0 Ru(mra) (16

i, 5 L~ S g EBEATR L, 8
OO g H2ED T 6 I, TaHain, Hik
AR .

DIE: ¢=0, ¢,=q,» T=17,5 py =Py »
b=1

2) for b=1:16

3) while ¢, —g>0

4) q=q,

5) BN py, » UL O, A H AR AL
thr NS 8 z,, 7, « argmax{Q3 (T,pd0 )} :

6) WAz, LLO, o HARER SR
P NITHEH p, + py, < argmax {0, (7. p, )} :

D RIS B R0 (2.0, p,) » T



iﬂm HRE5F%

« 94«

T g, [PAE:
T K
(I—TJZRk (z’,b,pd)
k=1
q;, =
Ptot (T’b:pd)
8) RIFDEE 3)
9) end while
10) end for

11) return(z,b, p, )

Hrr, BB S ~BER 6) ] LAk
Kftke LIRS Ml 45 EWIUGME py=p,, » PO,

Jy HARREARAL 7, AERIIR .
B py=py, AL (15) 15

Q4(r,pd0)=[1—%jglb{1+

At
Br+C,

]—DIT+D2

Q¥D)
A4, = a3pd0pt (M +1):Bk2 ’

K
Bk:azpt(pdoﬁkZﬂiJr(l_za )pdoﬂk2+pt'8k) ’
it

L

G =(a’+07) (Pdiﬂerlj’ D'Zﬁ(pt_pdo)’
i=1 nr

Kp,,
D, = +MR)S +KPu +MP, e tB,. -
n
O, KT 3R — Ik FHM Ik FH, &t
o0, (7,
o ow o om 2Er) o
or
=0
0 , o . 7,
Oler) o TR o
or i T
O, i & « M 1 ok 8 mm o A, &
a£24(T’bO’pd0)  =R=NAN/Se] »
RO WAL, BT DR
IR AL SRAS F AR IS Y () 7 B
[RIFE AR PR 6).

5 HEERSHH

B — A H N XK MIMO R 4L /N X
123517 500 mo FELLITBRCEE T=196 symbol.

AN PR ELS A o A e B 2 kit d ) =100 m
SN E . KRIEEERRE B, =2/1ld, /d, | »
Horbrz, RN 10 dB. IRAKHEE 235045 (1 b
B, d R kAR BIE G2 6] ()
v=3.8 NELHHFER T, RHEES N 0.01, Z
e E RGNS =GN S6 & i]
HA)EESHIZK 2.

*2 HESHE

Y 1t
5 ADC HRI I EfH 2 107
5 ADC MR EE o 1
DI BFH T 7 03
BS SRR R LR A BE FELIR B, 1w
A F P AL BN REL) % B, 02W
HAbHy i W FEDIH B, 5W
MK 10

Bl 3 25 T Ik REECh 100 F1200 PIAFEHL T
ANFI AN EURFEL b AT SRR . AL 3 Hhm] A
B, B R RO =, RS SRSRE,
SRJE A TAGE, IXJE T A LR 3
BN, RN R AORS R LT AN, it 3R
TG AN iy 38 AT LA A R A RS AN
TR REHIITE U, AR SCEER S SR W s T
S A L 1) 22 SCHR 81 0%

32
30F ¢— 4 4 < < q
2 28
22T > > > > >
Z 24}
s
% 22 + A+
§ 20
K 18 —B— —E— —E— —B- —8—
—%— AL A 5E, M=100
164 e 2B ROIEE, M=100
14 —a— AR T 5, M=200
| —— 2E RO, M=200
! 2 4 6 3 10 12 14
it

3 AEEAL FURAE b OSSR R A R



« 05 .

BIERE 2020 5 6 A

K 4 gyt T AR LER B b XS N RE LR
o WK 4R DA, BEE R RO
RGeS, HEREOCT 4 1,
REERCRITUG N RE, X2t TR R =
MRS RER S DTG 0, RS L3R i 21— 2
I, Y (RS AR AN B e, R JERT N
AL A TR RAREON G, A R G DR N,
RERR AR AR I AT LUA HAEAH ) H ARG B AN 5t
U REHIRE DL, A SCEVE R RE SR W] 8
TS ICIRISIM BERLACR -

0.90

o

o0

[
T

|

o
~i
%

T

AERERCR/(bit 1)
(=]
STe
(=}

o
o)
o

—— AR TR, M=100
—8— 2 HSCR[O15%:, M=100
—a— AR TR, M=200

—p— ZESCRRIO15:, M=200

10 12 14

2 4 6

8
BRSO
Bl 4 ARl FURRE b 3T B B8 (R

K 5 45 T AR RSO0~ RETHRE
AR S RTLUE Y, B AR RN
Rm, RGMEEMERLERR, Ra LS N FEH,
Kot T REACE R R s, (FiEE
TIEAH,  FHEINR LA ASRERE R oMl ok
Py, ERRSAERGUBIIFERIIN, &R R AR
B ] LU HAEAR R BT O b, AT
PNy & IR T e B N R 1) s oy & S

6 LHRIE

ASCHEFE T HNARR . ADC ) K AR
MIMO AR SERERI AAL I BEE o B ), $EH T
RO AR Bl DR DL R A R A T I
EERI/R A RE SRR e D WP =PI E 2R K 04
i) e 73 gt Ay AR B AUAL A T A LA, S

1.3
—o— AR R, k=20
12 —e—2% RO, K=20
—o— AP R, K=15
PR —<— 2% ROV, K=15
Zlo —>— AR R, k=10
& —a- 2% RO, K=10
3%
%0.9
g,
0.7
0.6
O'550 1(.)0 1.50 2(I)0 25‘0 360 350 4(30 45IO 500

HIEREH M
K5 bR BRI R B (s 0

R RS BRSO I RERUR KL . R &
RIWT TR 2t — 2% IR G B ADC X RERLIN

AP

S 3Lk

[1] ALKHATEEB A, NAM Y H, ZHANG J, et al. Massive MIMO
combining with switches[J]. IEEE Wireless Communications
Letters, 2016, 5(3): 232-235.

[2] MARZETTA T L. Noncooperative cellular wireless with unli-
mited numbers of base station antenna[J]. IEEE Transactions on
Wireless Communications, 2010, 9(11): 3590-3600.

[3] ORHAN O, ERKIP E, RANGAN S. Low power ana-
log-to-digital conversion in millimeter wave systems: impact of
resolution and bandwidth on performance[Z]. 2015.

[4] BAI Q, MEZGHANI A, NOSSEK J A. On the optimization of
ADC resolution in multi-antenna systems[C]//Proceedings of
IEEE ISWCS 2013. Piscataway: IEEE Press, 2013: 1-5.

[5] SINGH J, DABEER O, MADHOW U. On the limits of com-
munication with low-precision analog-to-digital conversion at
the receiver[J]. IEEE Transactions on Wireless Communications,
2010, 9(11): 3590-3600.

[6] FAN L, JIN S, WEN C, et al. Uplink achievable rate for mas-
sive MIMO systems with low-resolution ADC[J]. IEEE Com-
munications Letters, 2015, 19(12): 2186-2189.

[71 FAN L, QIAO D, JIN S, et al. Optimal pilot length for uplink
massive MIMO systems with low-resolution ADC[C]// Pro-
ceedings of Sensor Array & Multichannel Signal Processing
Workshop. Piscataway: IEEE Press, 2016.

[8] QIAO D, YANG X, TAN W, et al. Low-cost massive MIMO:
pilot length and ADC resolution[J]. Journal of Communications
& Information Networks, 2018, 3(2): 23-36.

[91 Hrifgte, Wk, J70r, 4 KNHBE MIMO R4 Pk T R
KA R A U ENET]. ARREY, 2017, 33(12): 84-90.
CAO H L, FENG R R, FANG X, et al. A joint optimization al-



‘ﬁ ARE5F &

+ 96«

gorithm based on energy efficiency maximization for massive
MIMO systems[J]. Telecommunications Science, 2017, 33(12):
84-90.

[10] 7%, WREAPL, m KK, A5 RO BE B AL I G2 A i o
WU D], HUEREE, 2017, 33(6): 21-33.

QIAO D, WEN C K, GAO F F, et al. An overview of low reso-
lution quantization in wireless communication system[J]. Tele-
communications Science, 2017, 33(6): 21-33.

[11] YANG H, MARZETTA T L. Total energy efficiency of cellular
large scale antenna system multiple access mobile net-
works[C]//Proceedings of 2013 IEEE Online Conference on
Green Communications. Piscataway: IEEE Press, 2013.

[12] BEZDEK J C, HATHAWAY R J. Convergence of alternating
optimization[J]. Neural Parallel & Scientific Computations,
2003, 11(4): 351-368.

[13] DINKELBACH W. On nonlinear fractional programming[J].
Management Science, 1967, 13(7): 492-498.

[EEE T

Bk (1975- ), &, WL, FUNETR
BOR SR %, EEUIIT R Lk
RGMEEmMY . F 50N, LTE Yz
PRIESE

&>

AL (1994 ) , 2, BN TR
WitAe, FERFIOT MG R % K
B MIMO R G H R R A

BRI (1995- ) , &, BUMBETRERE
A, EROTFOT A TLIEE R K
B MIMO R 40 I RERL AL BER

WA (1980- ) , %, WUINETRIBCRS
PRI, RIS A SR SIS R G
FOCHEEOR, IR TIHBIRNS . L BHIR
LN

FEE (1975- ), Lo, BUME TR ERIEBR, FEEY
J7 7k 4G/5G B3l s E 2 5.



	10-20167-ùwÕ.pdf

