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Pilot decontamination in massive MIMO system combining
time-shifted and cell sectorization pilot assignment

SONG Xin-lei, YANG Lin, DU Jia-liang

(National Key Laboratory of Science and Technology on Communications, University Science and Technology of China, Chengdu 611731, China)

Abstract: Pilot contamination is appeared in massive MIMO (multiple input multiple output) system when using the
same pilot sequences at different cells to get the channel state information. It becomes a bottleneck problem of massive
MIMO when the number of antenna goes infinite. In order to dealt with pilot contamination, a new TS-CSPA joint
scheme was proposed. This scheme can mitigate pilot contamination by reduce the reuse of pilot sequence through the
time domain and space domain. And the closed-form expression for the achieved rates and signal to interference plus

noise ratio(SINR) to verify the advantages of the proposed scheme were given. Numerical results show that significant

performance gains to mitigate pilot contamination problem compared to other methods.

Key words: massive MIMO, pilot contamination, spectral efficiency, channel estimate

jilll

1 35l

R ZME 10 £, MIMO AR —H BT
TAE IIFTE G, MIMO B AT LLE [RIFE (1945 18 i
TR IR R, e s E &R shim (s
RENIE R R IR R, MOCHBER R T A0 % 5
BN H 2K (A i s R T sk 2z o fE

BIE S 5 B ShBGEINHEH AR E, Marzetta
2BUE 2006 4F B JGAEALE S MIMO [R3ERE 4R T
T MIMO (R, HoAZ o SRR 38 i 7 o A

S BEA: 2016-04-20; &EI HHEF: 2016-10-26

ZEILTRERE FERRE kR m PR AR E
I, KRB MIMO BRI e e B AR
ARG 0 P (5 18 R A5 B (CSI, channel state in-
formation), AR 1R HEuh Ab R A H 034 0, &
GRRM CST MRS R 2 380, 4R H )+
To53 RIS, RGEHRAG THE E I EAS S HF 8 25
e FH RS RS TEAH I A], - AN ASE 990 2R G ik
P I AH I 1) sl 1T AR K b e R e (1) e e 3
HROE ST A A KB R B AR WIS 73 XL (TDD,
time division duplexing) % /7 (MU, multi-user)

E&WH: BF5ARRFILEEBIIH (No.61370012, No.61571082); [ 5 R KL THHE 42 W5 BY 15 H (No.2014ZX03004003)
Foundation Items: The National Natural Science Foundation of China (N0.61370012, No.61571082), The National Science and
Technology Major Project of the Ministry of Science and Technology of China (No. 2014ZX03004003)

2017038-1



<166 + wofE A

EiS 538 &

MIMO B8 /NX RGHA, Hha] LA B AT5E
T A5 3 R SRl /N SRIX CST IS, % 18 34k
A BRI AHT I T A, ATy SRAN AT T e b A AN [ (1) 58
NP AR [ R 8 T AL A S 40, ph e S
JE il MEAT AR T8 AN T I JC VT B H A N X T,
“SHiy54e” (pilot contamination) (1] @1 ph It 7=

MR MIMO R Ge 0 Heli R HR KL &
n= A G/ e 1 R IS sl R NI R Fp T <R T
JE, PRI/ RPEZETE KA, H P Fdksh 2
() PRI BEATLAR 18 O sl B AT, 107 st g o 45 FH
] R 11 DG PSC Y0808 2% P LAV o3k s AN FH G g 75 R /N X
W, SR T AR R Al TR ZE D
TCVEBEA REHIG IR . P s g e 1
(FESSE TSI

SCHR[S,6]13 Hh 12 [R5 I A 1 B Al oE A
BT PATH P BRI E AT, X 2 FOEe DA R
Ml DA FIAME A7 41 . AITTHE KRR MIMO
A T R AR A e e s SRR 7 AR A K
FFE MIMO 15 18 F8r 1IE A2 P AT (S 1 R B A v
W I AN 2 /0 35 (1) 3 090 1 it e W 7 2 R A TR A
R B, W] DAAE e R s/ N A s SCHR[8~11]
W38 2 R I BEM LI T AR A A7 RS 450 41 1R 0B
NI i/ A5 G 1)

AL H B IBE A I TR] S5l RH 22 ) 335 1R -5 400 O3
Be 7 28, e Kl g3 I EORN 4 1A) A BE X 2 AN YERE
K BEARIEAS AP A 410 52 FHRERE o AH LG 2 HT I
T3k, T EAT R ) S0 2 I el Ak B AR AS
BT S g A IR, R R I AT S AT
G, Wb T R S Rk, H ARG
B, AT A LRI D5k SE A A e Tt T
REMMERE. SCPHES T2 B SRS IR
KL R, JRe M RE O LA 45 R
I3

S € HONNNO R ITONE: Sk I Lo AP T
g Rk, ||'|| RONFEBEN Y54, diag{a} &~
SKEL a R0t S AR B SR, ] Al var{e} 53 3
NI 2
2 RIFIEEY

F 8 LA /NIATE MU-MIMO 1455 /NX 245, 15
WARANNX BENLI S A K AN FRRGH 7, Al
FEWifT M (K < M) ANRE, KR P A AR (1)
BT BRI, AN P AR AR 54 p, A p,

IR A AR ORFF IR TR )26

GBI 1 P, Hoh, XS m A
REE j/ANK AR ke AP 2Z 18] (R4S T8 1 75 30 AL -
Citom =\ Bt Mo » H, m=1,2,--,M, k=1,2,---, K,
=12, L, I BRSO REER T by, 200
S [F 4y A (idd, independent and identically dis-
tributed) FLARMISEN 0, J72h 1 INRIERD A
CN(0,1) 1 K R PEIEIE D5 B, W i JLAT 2 gl A1
AR SIER RN

B :0%”(

Ferb, oy R jANFEEAN AN A kAT 2 18]
HOBELES, 7 JERE T, oy TN O, HIRTHE
IEASBEAAR &, 0w ] AU 2 — AR

AL B,

. Kk
E 3 ] ®
siksiwn A = B
\/ﬂ—llkhllkm

Bl fFIER

Hi T TDD ZhkJy Uik E AN, B
I ERA R TR B, S MBI TE R
M-I

3 ESEEAR

31 EITSHFESIERS

Wikl 2 Pros, 8 BAT R AR, AR
7(7 = K) MIEAS PR S 5k, R 2 el
S & MNP Z I PEERE . B RNX 1 H
JUER ] — A% SR A A, A K AN
Wy A M K WM BE Y R on, Hoh,
L S PRTARERVS IR ik A 5 SNV (P
J /N kARS8

A L&A HAR N, HAd /N X RS L
S WE 2 Pror, WHRDNXS T, Wiz
X5 m RR M BNAE B A

2017038-2



52 19 AT

: EEA IR AR 53 5 2 E S MIMO 245075 4+ .+ 167 ¢

L K
= zz\/ﬁcﬂz{m'/’ﬂ +n,, (D

Jj=1 k=l

;H\:EP; n,m%ﬁﬂ‘@lél”ﬁéﬁy lekm: ﬁjlkhjlkm °

—— HHfEE e — TR

K2 AT ST SR
1 /INX TR A 5 R R R 7R R
L
Y, =\prY ¥,C,+N,
j=1

L 1
=ptY ¥ D3H  +N, )
=l
o, Y = yu vl Ny=ln, n,nyl, %J
AN F IR, =[y ), W, w ], FEIAEKR
RﬁﬁggD _dlag{[ﬁn ﬂ/z “ﬂ/lK }o
hj]ll ’ hj[]M
H,=| | . 3)
hjll(l ’ hj]KM

FESRH A B EAT MMSE A 7 1] 42
H,=\pz 2?‘*[1+pr72¥',-1)#:“] Y, 4

3.2 FR4RADEERE
M B8 2 ()15 T8 Al v &5 R n] DU N AT Rk H s
HEAT TR AL PR, A SCREu o BT 32 Bdls A F e vk
ZF T b pg )
IA{:([’\IZIIA{;I)_I
o[(H,HIH™"
KT AR E S R E g, X6) T AL
w{w'wl=1.
3.3 TITEUERWE
wEl 3 o, B MTAEmEAEE, PRk

W, = (MK') 6))

FIT Ak /I DRI J) R A 406 /0 DX R 38 i BT 8326 1R 80088 1)
Al

—> H3EE

---------- — TR
K3 N EEE AR

BN RN, Az R AR s k
AR S, =[5, s, 5, 1" HIZE[s,1=0,,
Els,s" =1 . UEAT ZF T4 05 J5 14 4 0 200
0 =W,S,, W 1 /NG kA P kS Bl
=57

\/ZZZ\/FJII[ jlil /112 ’ jliM]qji + 2y (6)

J=li

bz, It T
7xlk \/pfﬂjl[ it P+ jl'M]WjiﬁzT—\‘l/J\le
F L /NX i REIN AR, (6) T 5 N

_xlkslk+ z x S T Zy (7)

ST 1 SO

2452 Uy [/ NXAR P BT, 56 3 I nte
BN EMR . TR O 7 T L 0

2
Ik
(=]

SINR, = 5 8
1+var{|x§,’{‘|}+ Z E[|x1/’f| } ®
(j.i#l k)
AN P AR AT IR RN
R = ilb(] + SINR,) 9
EH T A0 e 1) ), A Al TE AN W] A s

S B, miﬁﬁkﬁ%ﬂ%ifﬂ% MIMO F &g ] ik
H A BRI R, P, ASCHRHLCR 5k

2017038-3



<168 ¢ wofE A

EiS 538 &

KNI GG, NP RGN R R
4 BERBIXSNEBARE

41 EKJFIE
FESCHR[14, 15179, B RGe L AN /NX A # L 4)
WA TANL, RowHh GLG,,,G o

4 53 0 3 A7 %8, AEINH 1) 4073 BC (TSPA,

time shifted pilot assignment) 1, JH ' RIEH] T
AR 51 IS TE) I B DX 3 I, A RSN /N X
JURIE RR ST A, AEASF AL NX ] 73 00/
AN (I Ta] PRI B b e, a2, A AL
%ﬁﬁ%ﬁﬁ@%%%uﬁﬁﬁﬁ%ﬁﬁﬁ%@

75 B T IR L R R w2 Wi ) U AR AL AN A G
(R M AT EE T

i) o
I [ [ 7 G
| [ [ G
I [ [ V77  Gs
O =m0 [ ] vrose AT

SRR e

TEWBRNX TRk fE b, — Pl 2 7
P TIUAE FoPh i R B3l 3208 &
Sh4r TSPA 5%, ASCHEH — RIS IR AN X 2%
BRI 23 00 S 4000 e 7 v (TS-CSPA), ATJ7 RARHAE
FICE I TR R[] 2 AN B 04T 3 40005 G 11 Bl 125 o

15, HWE S PR R R R H bx
N Z BIFRLNX T, 2% TSPA 34550 Bic
DM R A N 3 NN, HA
AN PN PR IR A IR, A2 (1) /N X
TEAES FATE, R L R P 4

ARG A A BE R Ze B ARG AN X 38 51 % 43
h 6 MR 0 = MIER L X 0 For, &
AN DR 1) R 2 B A1 AR 45 g v v R e S L A 5 DX 3
WG S Wl 5 P, BASNXERS A 4L By C
Dy E M FIX 6 #55, X Fr/NXm) 4 X, 3L
IR R 26 B A 7E H A0 5 IR A & 2 31 e
bl e R N P A€ e 7/ O s 1 R O N
TSPA [AfHOL T, A R B 25728 IR i £ %

st
21

V224 G
Bl S ke mE RS RIS A X AR LS

T [_la

AR T S, BB LN X A4 X,
FE_EATROE AN, A DR R R AL 2
52 P ARG I /N X O A S22 1 1 DXCa0 - 1
NATAREE T, AR TALGE A0 AN X
KL MIMO {58 A 5k, S0 JAE IR R
AR T E, HAUE IR AN R AT
TR

N TT LA N ] 43 21 R0 25 ) 43 2 b 34T 2k
— YT, AR T LUS T e 4L, /N
—MNAANR RSP NEH , AT BRI 7 E
SEBRFAT I TR RE, LUK P BSR4
KR, BOWARTIRTaA R, aBse Ty 7, 3

BRI T A G, = H . T

LRHR I RIS WIARRT B, o] DUERER NI
N TP, 16 =30°,60°,90°,180°--- . ff )ik
N, ORI R B
4.2 HEESR

XS s RE B o AT b, Sefh AN IX
FALAT 7, XFF TS-CSPA {1 S ik, TS
AR B — AN 43 X PN L3l R 2 15 5 ol

G,N6

e 1
Y,=ptY¥D:H,+[p, > B,Q +N, (10)
j=l

Jj#l

Horp, B, AR j/DIXEIN /N TE R HL R AT

2017038-4



82 AR

S5 RS IR AN [ J7 SRR MIMO 345t 4

* 169 *

{24 0 J5 2200 T INEIERM AT CN(0,D) » Q%R j
AN L IE LG T R . G, N O RoRTEREHE
w2/, S0 P FRIL I R ARER
PRt o (K2 8. R10) AL 1 Tk
N H BRI SIS, 5B 2 TR R F X 4k
WM G, i Rk g T B, N, ik s .
X2 (10)HH 7T MMSE {53 {1l 13 0(11).
AT T E, H AR X A
W H BRI TR ATEOR, B R G A F A
)2 N R AT BRI P Rk K EAT 300 S, Ak

T A sA2) s XA2) AN 13509 H
LR AT B, 5 2 BRI b 6, 404 T AT

fokcde, AIE S W EUE AR IZA RSN A

O 73X I MATEdE 20 A AR > X P IR I3,
% 3 TR Gy 1A P A& I S O e e

RS, L 2on TR 5 B Z 4
TEHRE, Z JnbEmgrs . R 5 R E = (6)~=(8) M4k

SR W] LA B S A A A e LR S
K3)FR, Hd, w FoRpAH G, 7E LT

IS 16 P9 A T A o P 2 A 3 i B 1

1 o G,Ne 1 1\
H,=\prD¥" (HMZ DY¥"+p, 2 D Q‘,.<§,-,1_%,‘3>Q;‘1_>‘,%J Y, (1n
j=l J#l
o 1
l_]1 = p.f 22211_1 I’Z‘S \[p/ Z DﬂHﬂ "S/ +\/p7rz rﬂ%—'—Zl (12)
JEG JEGs
, E[h,w,]’
S[NRTS-LSPA: — pfﬂll| [ IIWI]L ~ _ (13)
1 2 2 2 3
1+Var[\lpfﬁ/1h11wi]+ Z pfﬂj]E[|hjle| I+ Z p/ﬂle[|hjlw;ld ]+ZprTlBj1
Jj#l Jj=1 =1
2 25 511 R 305 0T DA 0, 0 7 7L e 2 (16) T 7
FER LN . 1B,
E[h,w,1=E[|h}) |1 = I - F——El0] (18)
. Jp.B, \/HprTZﬂi +p, 2B
h; = : are VY, (14) s e
I+p, TZIB/"'prIB/ M
' e, 6= Z|um|2 Hou, M CN(O,1)
= (14) 2 o TAEER/MNX j
PG (16)iL T 14
! H .
A/l — YIHWZ (15) 27 - 2 hjl . hjl‘l[
h; ”'/’ Yl” E["hﬂwl" ]_E[ ki }r ik >
i I
FRPEA(13) T AR H 7
(13) = P, e E[Gz +
h s B
hw, =ty = [ 2 ae) p T3, 3
hfl h./'l sz@
I+p, TZIB/ tp; z B,
. 0,
Hrp, h, kM CN| 0, Ll e 1 |- H Gzﬂ@ (19)
1+pr2'z,3ﬂ +p, z B, I+p, Tzﬂll +p, ZI: By
i=1 i#l i#

iy = I~ SV EREE L f AT, S

G,Ne

I+p, TZﬂ,+pf Z B,
cn| o, 1

G2 n@

I+p, Tzﬁll +p, Z B,

i#j i#l

(17)

TH b e &6 SR e AP 2 2R (13) 4 TE A
(RS EE R 240 53 Ky

prT Jjl
G,Ne

[hllwl]
\/1+P 72131 tp, z B,

E[6]

2017038-5



+170 + wofE A

EiS 538 &

.7
var {||h11w, "} = — G,No

1+pr721311 +p, 2 :le

i#l

var{0} +

G,N6

1+prTZ B, + Py Z B,
t#/ i#l (20)

G,N6

1+PrTZ ﬂ;/ +p, Z ﬂ;l

i#l

F(M+;j
TiGh, El0]=———%, H I'(s) 2005 R %L,

(M)
E[0* |=M , var{6} =M —E*[6] . WA 13)7] 5
X2,

U RLH TN RN IIA(22).

SINRTS-CSPA

pfﬂll¢E2 [ ]

Gne
aneltp.T Z IBI;
b, S R g s, 5
" l+pr z B;
- Gne
ane 1+DpT z B;
G Y, L BRI PR G
2 1+pr Z B;
i=l1

T, R, BTN, AT TSPA
FUASAL Y T 40075 G A S50 (1 175 o T AT 230 /)
THFRE, 53 AR Eds 4 nT Ul i AL Se 1 7
PANEL G AT SRR @),
TS-CSPA {Ef5ME L E_ LA T TSPA F1 CSPA, #E—
W, BT EMRG AR SR

GNe

o @D

l+pfﬂll¢var{l9}+ z pf,Bj,¢E[l92]+ Z P8, +Zpr2' B

>N EP ’
_ A7
¢1_ s G,NO
I+p, Tzﬂzl +p, z By
i#l
_ pIT jl
452 - G,N6
1+Prz'z B, + Py Z B,
i#l
G,NG
1+prrzﬂll Tr Z B,
¢ I#] i#l
3 G,NO
1+PrTZ:le +p z B,
i#l
Vi
TS-CSPA _
SINR,,",.. GNo - GN6

G,NO 1+prTZIBI] Glﬂ@1+prTZIBI/

Z 'Bﬂ crinI@ + Z cm@

= +pr Z B, "1+pr Z B;
i=1 i=1

(22)

5 HEER

A A Ky 3k D A B A IR Ty
FAEYERE B ROOLSA, SR 2 7 KU MIMO [
Z/NX RS, JHEH TDD X LA, ik (s iE
FEREEVE I, (FIESHAE— AT I A A DR A
A2, FEIEEFORBAGIN KA ZF Mg i )5 2.
NN ARMMESTAS K 5, REIR

ZHINE 1 iR,

*1 FESH
ZH 1
NXHEL 7
TANX I P K 8
/NX AR r/km 1.0
I SE AT 3.8
B 5 R IEAREE 0,40, /dB 8.0
SHPHIKE « 8
BS 4% p, 15
UT 14t % p, 4

SOOI T RGAEEA SNG4
(TSPA) FH4MHC J7 &M AEHI/MX 43X (CSPA)
SHR I TT O e RS A2 X ) AR LT R
<mc&m>ﬁ$ﬁ%%ﬁﬁ RN L LT
(197N D FH P i) s R ) il 2

W 6 Fion, AR SAEEI R s 3
WG gy, e RS %%, IF H TS-CSPA X}
T TSPA FI CSPA it —20 3% o 7k TS-CSPA J7

&¢“W ST RGEENT 3 4y 2 dixt

Lb, DA AR 73 60° K14 12000/ F L, S ARBE
5 I SR A3 [ VRN ) o L, Reds S0 A Rt e
R MIERE

2017038-6



824 ABTE A WA IR A )R 37 AR MIMO 34505 4 <171

[ ]
(=}

R G e i Sk 4

H—a— & 05 id (341)

-+ - INBSHI R (241

- o= XML (120°)

[—=— 2 X i Ad (60°)

- * - RAIE RIS X (120°)

|| —— e IR A X (60°)
—v— WA S

S~ O

S N
T T

F AT (bitsHz )

S N~ O ®
T T

20 40 60 80 100 120 140 160
FuEREHM
6 AN PR B R 2

B 7 I8 T ARG R 5 8 KRR AL
RS, BN BE FE s R E BN 100 iR, A K
L, KRRV T R G AT LU 152,
T T KRB e /D AR RIS A 7 e, i
LL/NDE SRR S A0S Sedifil & 7 2 5 (K, /s
DX A3/ T8 g D] B M T 3 A e i e ™
H, WTIFE TS-CSPA JjVALE/INX AR AAL 15 DL
A G IO AKOR R RE AP IR

30

—e— AL P SR e 0
—a— ISR (341)
25% —o— SF X SHUMIL (120°)
= —— AIMBEAINIX (120°)
:‘]N: —v— BAT A
Tz‘n 20 L
é
151
=
2
210
Y
A
5

0.05 0.10 0.15 020 025 030 035 0.40 045 0.50
INK AR R R 50

B 7 AN AT AR O RS S TN 7 (142 1L

Kl 8 ¢ il THE FATHWRAL SIS (1) SINR (¥ 31
SIAEREL (CDF) #hek, woe REREHN 10 ).
100 ARAT 1000 F (BT T~ J 0t b R 2 AR PR 490D
AR L, RE% B2 HOBT ) 5 AR CARE 1)
JiVEAE SINR ARG MFETHER, 1 H4
REEHI AN 10 5 PEREH & K4 10 dB (142
Fho ANId MR R H A A0 5 |k (1) 2 R AR 1 T DL
R E I TR Z 0, YRR T & AR 1S
X 2% o

1.0 T
08}
L50.6 - =X AT A
O b .
04} —A— A2 S I
—E— XS
02} —o— A INEL AN X
0 ol e —— AT SRS
-30 -20 -10 0 10 20 30 40 50
SINR/dB
(a) M=10

k06t —d— AT S e
8 Al Ik
0.4t —2— IE ) L
—E— X SR
02f —e IR X
—v— RAT SR

-30 -20 -10 0 10 20 30 40 50

SINR/dB
(b) M=100
1.0
0.8 Ll R SIS
: Mk
=06l —A— BT
QOB AR s
O g 4| Batipasix
[T AT S
02}
0 gt ettt b A A 2
-30  -20 -10 0 10
SINR/dB
(¢) M=1 000

8 MATAEA IR IR Bl SINR (9 CDF 5341

Wik 9 frox, 2rnlgs b 7T AN A 0007 G
7V AT A T SR N U7 2 (MSE, mean
squared error) BERZE ARG, W] LUE H e
K] TS-CSPA Sty Gegiiihill Jy i AR 22 1 ) LAk
TNEAE GBS TR R A e R R TE.

100

== AL G ) 1k
—A— [ S (34L)
—6— 4 X 43 L(120°)
== A IR X.(120)
= B4 T R

50 100 150 200 250 300
vk R HM

B o IS A 3 FeAmibl VA I B TE A o MSE

K10 34 H LR AS R 7 VE AT R AT Hdis
4y, Vg FEu AR R 2k 100 R4 A QPSK |77
AT L H A 1 (1) LEARE % (BER, bit error ratio)
itk , % % i TS-CSPA J7 VL A% T TSPA FIl CSPA
JTiEA /NG BER, HEEE(FWELL R, T aets

2017038-7



172 o

KU RIS

10°

107!

B

—k— RIS
104} | —A— MBSHIEGCH)
—6— 4 XS4 AHE(120°)

—e— DA R(120°)
—v— WA ,
-5 1 1 1 1 1 1 1 1 1
OI0 =85 =6 4 2 0 2 4 6 & 10
SINR/dB

B 10 AN R S Beamibl o i £ 5t BER

LR EWTLAE Y, ARSCRE IR IR AR RER
2Rl or NP 7 TR T BTG e R e A LR
HUARMIRCR, X RGeS HAE A 52 3T
e

6 ZERIE

ASCHE ) TS-CSPA U5 S HIRZ 0 AR - 5 b
AT P ORGE AN AR AT ) AT KA MIMO
AL TN, 3 I I R 3 ) £ IR BRI
SR E IR Z T MR, S T4
HIZITE AR BUE T HEARIE S, R4 T /hIX
ARG IEER NI RS F W, Widizrikhe
47 O AR 05 G R, S i R AN T KRG
R, 7850 R CRUEE MIMO BRI 34k 4 i 2
G52 AR I T 2

Sk

[1] FREDRIK R, DANIEL P, BUON K L, Scaling up MIMO: opportuni-
ties and challenges with very large arrays[J]. IEEE Signal Processing
Magazine, 2013, 30(1): 40-60.

[2] ERIK G L, OVE E, FREDRIK T. Massive MIMO for next generation
wireless systems[J]. IEEE Communications Magazine, 2014, 52(2):
186-195.

[3] THOMAS L M. Noncooperative cellular wireless with unlimited
numbers of base station antennas[J]. IEEE Transactions on Wireless
Communications, 2010, 9(11): 3590-3600.

[4] THOMAS L M. How much training is required for multiuser
MIMO?[C]//Signals, Systems and Computers. 2006: 359-363.

[5] RALF R M, LAURA C, MIKKO V.Blind pilot decontamination[J].
IEEE Journal of Selected Topics in Signal Processing, 2014, 8(5):

773-786.

[6] HU D, HE L H, WANG X D. Semi-blind pilot decontamination for
massive MIMO system[J]. IEEE Transactions on Wireless Communi-
cations, 2016, 15(1): 525-536.

[71 BIEN Q N, ERIK G L. EVD-based channel estimation in multiuser
MIMO systems with very large antenna arrays[C]//IEEE International
Conference on Acoustics Speech and Signal Processing (ICASSP).
2012: 3249-3252.

[8] DZEVDAN K, GAN Z, KAI-KIT W. Detection of pilot contamination
attack using random training and massive MIMO[C]//IEEE 24th In-
ternational Symposium. 2013:13-18.

[91 ZHU X D, DAI L L, WANG Z C. Graph coloring based pilot alloca-
tion to mitigate pilot contamination for multi-cell massive MIMO sys-
tems[J]. IEEE Communications Letters, 2015,19(10):1842-1845.

[10] JESPER H S, ELISABETH D C. Pilot decontamination through pilot
sequence hopping in massive MIMO systems[C]//Signal Processing
for Communications Symposium-Globecom. 2014: 3285-3290.

[11] ZHU X D, WANG Z C, DAI L L. Smart pilot assignment for massive
MIMOIJ]. IEEE Communications Letters, 2015, 19(9): 1644-1647.

[12] JUBIN J, ALEXEI A, THOMAS L M. Pilot contamination and pre-
coding in multi-cell TDD systems[J]. IEEE Transactions on Wireless
Communications, 2011,10(8): 2640-2651.

[13] FABIO F, ALEXEI A, THOMAS L M. Inter-cell interference in non-
cooperative TDD large scale antenna systems[J]. IEEE Journal on Se-
lected Areas in Communications, 2013, 31(2): 192-201.

[14] MAHYIDDIN W A W M, MARTIN P A, SMITH P J. Pilot contami-
nation reduction using time-shifted pilots in finite massive MIMO sys-
tems[C]//Vehicular Technology Conference. 2014:1-5.

[15] JIN S, WANG X Y, WONG K K. On massive MIMO zero-forcing
transceiver using time-shifted pilots[J]. IEEE Transactions on Vehicu-
lar Technology, 2016,65(1): 59-74.

[16] ZHAO Z, CHEN Z G, LIU Y T. Cell sectorization based pilot assign-
ment scheme in massive MIMO systems[C]//Wireless Telecommuni-

cations Symposium. 2015:1-5.

TEZ BN

KRE:F (1989-) , 5, WEEELAN,
B RS RS, EERIT AR
KA MIMO 45175 Be4iiihi 792

r

B (1977-) , 5, WHBLE A, B R
P, LI B LR SR . BUGEAE H I S
b HE .

HER (1993-) , 55, J7RITIMA, RO
b, FEWFIT ) KA MIMO 32 ) R BEBOA
ST RS o

2017038-8



	18

