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Pilot allocation based on user location information
in massive MIMO systems
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(National Key Laboratory of Science and Technology on Communications, University Science and Technology of China, Chengdu 611731, China)

Abstract: In order to solve the problem of pilot contamination in massive MIMO systems, a pilot allocation scheme
based on user location information was proposed. The proposed scheme arranged the users according to the polar angle of
the user location in the polar coordinate system with the base station of the cell as the pole, and assigned the pilots se-
quentially. Combining with the characteristics of directional antenna, the scheme can reduce the pilot contamination and
improve the achievable rate of the system by controlling the multiplexing distance of the pilot to a far range. Simulation

results show that the proposed scheme can not only reduce the pilot pollution between users, but also reduce the perfor-
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mance gap between different users and improve the fairness of the system.

Key words: massive MIMO, pilot contamination, pilot allocation, directional antenna

1 3515

BEAE RS 5 B PO R e, ik % D48
I AR Tk 45 Bk TR TR R G i FEEE N
5% . 5 4G LTE MZeALL, 5G M ER HATH
e B A R . TR R et LU U R IR 45
T, KU MIMO 152 5G TR,
SEASHAS RN R, 28 2 MR, 5%
BT RGN L, KA MIMO FR 40l it 75 /M X
Ry P K ERER, RENSAE AE BAUR 5 IS RUR

Yis B ER: 2016-12-19; &= BHER: 2017-05-09

A R I TR

FEZ M MIMO RGEH, Lok EERAF R i 1)
{518 IR A5 EL(CSI, channel state information) X
CE 0 5 53 T4 B AR R MIMO &R 48
o, BRI AR AR AR AE S 4) WU T (FDD, fre-
quency division duplex) &4t I, 7£ FDD #X T, CSI
T A A BRI SOk RAS, RmifE RS
REHAAELET . B4R, fEXREE MIMO R4,
B Rl R 2 A B g, T SO R G T
AW R, ARG TIEAZ . 770 T

EE&WH: EEARPEERIINE (No.61370012,No.61571082); FZRHEHE K LA ZIINH (No.20162X03001015-004)
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. 2016Z2X03001015-004)

2017172-1



5 8 3] FEgE REE: BT MIMO R h Ik 111 (08 A5 K S50 il <157 -

(TDD, time division duplex)R&RZH, HT{5iEH Y
PERIAEAE, JEuln] DUE 23 1) S 4005 5 24T
T SRIRAFHAN () CSI®Y, T 38 A T KR 1 ok
JFA . DAk, TDD A X B A b 02 B A K A
MIMO F &I fE A

B Ll R 2 E AN IE I, /NP FH P TRD
ARG PLIR 5 e v LU 12 7 20, AH 218/ X T [
S T 7 AR A OGP0 IR ME — AN ] 2
TN Y, X BB R S g, 9
B Geos P B S M TE A v BORE Ak, JFBH 2 AR
RIS o R, anAn] 7 R B A 5 iy 4
EGETVZ I

SCHR[TOTUE B T 6 T30 S (R A4k 23 B, v]
DABRAR R A5 4y, FFe it 7 —Fh Ak T 6 A 1
IR A 7. 1% il — e Ik 5,
LS R AL IR 5 % . SR, ST
FHAR R R AT B ) R PERE, HABAk T
BT R . BN RGN R SR E R
B I, W L 7 Se gk i) A0 il 7
[T SR A e N " S 21 N o o 7 A A
BN T A RS A5 AR L 2 o IX Y AR
REEFE— B R BT g, o, BT A
A BRI 00 0 V5 T e S SR S B AL i
(R BRI, A P A ek B g Ko fHE, SRR,
X LT VE I R A BEMCAR AR e o SCHER[ 1S3 HH T
— R SAE ) ST 2, RN RIS R
WL A2 EXEE, B /XA E XIS R4
A, AR /N X A E X R P A ) A
AT T EBERBUR T — - e s e, (A
WEG T E M SRS S, RE TP ERE S T
PeME A L (SINR, signal to interference and noise
ratio)o [FFE, 4 T4 M7 &AL SINR, SCHR[16]
FIFAEE R R BT R E, 7 A/ X ) 4
I P IR S B 58 s e 22 7, A
TMEE 5 T AN P IR SINR AR 225K SCRR[17]4¢ H
TR IS AN A )R A R AR B, TR
MRS 23 35k 2 A #f BT s G AT . 3
HR18)45 SN ik, $EH T —Flowr 24 (1) 34
SR, FERHH P A B Bl — D AL T A0
3. HAh, FESEBRIEAE RET, BT PRI
B A M 25 5 30, e i I i A O e A ] 4
BRAER RGP vEAS R, T B A AR R
MIMO RZeH 1N IEZ 32 K

T EIRBEIUSCR, ASCER T BT
REEAR B SIS 2. %7 RETE T B IMRE
(R0 s, AR L EAE AR AE /N DX Rt A a1
BARARZR T IR A RN, R P AT HE I IRy
P 3. AHEE TR AT I SIS 58, 2T RAT
TR IRIEAO UL LN M, FELR i R G A
PEREMI I, IR 7 2 T AP (7
SRR, TR SR RE AT AN X RN 5
B, IFA AN Z I PR REZE 1

2 REGHER

ALHREIIE A L A ANILTE /K LRI
KEEE MIMO % /NX TDD #4755 W 2%, 22 Ge i A
Bl 1. REANK AL S K ARG 5 DL A
KRHRE MIMO Feuh, Feubith 6 ANl & MR
LR R LR R, RS KR IR 40 57 26 44
Eﬁgmﬁ%gﬁomﬁ%mﬁ%mﬁ@@,ﬁ4
KRB R Bl B L 6 S (045 5, 9 LA
[0 R A T P R A e 1 R, BN X
(R H ], 6 A a2 [ 2 B 7 1R 28 5 95 2 5 T
ENGIEICER S

A Hyk e Fif
HERS snxg
A | B
Bl 1 REpin
sz FH P 5 2l 2 Ta) (1) 36 VA 3 i /N RO 5

AR R g L m oo o Horr, /N ROBESEVR A Fin
FIEEVR, KRREEVR IR MR ) B A R AL . il
AN Ik S/NX R (R R AE T A
h,ecC", N

hj,k ~CN(0,,Bj,kIM) )
Wb, By R, 1, M B
TR ESET TR R B ke B, )

2017172-2



+ 158 ¢ W ofE %

38 %

C
By =m 2)
Horb, 2, /N LTk IARRR, b, FoR/bIX
RIS (R ARKR, & R AR IFESREL, C AR E S5
3 ESfEMAR

31 SR

T BRI RN R G IS,
B SAT T ShREsh. fE/NX 7, (BBl
B PSSk o, WA & RIHE S oh%
Jy L R E A TR o, AR

Jik

S5 B L (SNR, signal to noise rate) A ﬁz .
boj

XFFEbSANX A kAU T R
m, Fi E KRS, jOKE] R ORE B A
HA, WPk MfESEZEH7 m T, i
Sum =13 AW, gy, =0. REAm=kI, H
FUk SR m ST HFENSH; Bme ki,
BT S WAL IEAT, A, Feul j WIS &
NSRS

ilof p p
i = \ /’B—Th,,k + Zgjklk@fﬂ_fhﬂk +n, )
ik 1#j Ik

Fob, STk 1 E R AT b
ke B FAL AN TR 5 SR ITHER 7S,
ny ~CN(0,0‘2 ) o

32 (FEflit 5

I 1 /NIXj kg, 1 MMSE {5
A [0B..T "
hy, = - Y (@)

I#] Ik
W h, ~CN(0,8,1,),

o, jjkT

O, = 5
o pﬁjlk 2 ©)
PT+ Y S T+o
1#j :Bllk
h, (AR IEASTHRRZE
hjjk = hjjk - h/'jk (6)

th MMSE iR ERT S0,y 5 By, AR T

ik ik

L, H i’jjk NCN(O’(ﬂjjk - 5j‘jk M) -

MAMETERG T AR, T LA AR Y A
Ko HEBERARRIR A AN FEH A B 5 )5,
AT DU A W Ok o) s AT AR B, AT 43 9 HH
KB HARH PG R ARSCEFE TR ERR I I
KA Ff (MRC, maximum ratio combining) 572,
WX R kA RE N g, e CY L W

1

8= W i’.z’fk (7
5132 hy, ) MMSE 4l !
. B, -
hy = ——===h, (3)
VBB
B, ~CN(0,8,1,,), Hrh
<%=%%£%k ©)
h, GBS THR 2R
Iy =ty =y, (10)

W, by, 5k, WTCAT, Hoh, ~CN(O, (B, -

§j,k)IM) o
i G 2 v
ﬁ'lk rTH 1
E{g'h, }=———% B h )+
JkCjlk M §jjk m Jik "k
1 Ny~
E{h'h ) (11)
M§jjk Tk

513 3 4 X £[x,x,,,x,] » Y[y,
Vo1 X 5 ¥ MRS FLA A DL R 4
fi, X~CN(0,621,), Y ~CN(0,021,), M¥
E[| X"X ]=0'M(M +2) (12)
E[| X"Y 1=0’0iM (13)

it XD 5518 3 v]1g
M+2)B, 4 B =0y

> (
E{| g;hﬂk |} N MB.,Bu Moy,
i J]

(14)
SNtmzk,

2
H 2_ 1 L H _ ﬁ'lm
E{|gjkhjlm |} _E{|Wh[fkhﬂm |} —M+;jjk (15)

Jik

2017172-3



2 8 1 Fh3E B KR MIMO R4 6T ) A7 B 45 B S 4040 i + 159«
3.3 LATALERE nPARIR N

g N A ke AEBL S 2R @ AN SE )
REPEL I E v B, A AfE LAT B
R R PN A I3 NNE RN DN

KRN
W _ NN / Y
yj;a = Zzg_szm hjlmslm +n, (16)
I=1 m=l B

Hr, s, € C RN TP m RIZEIEHEFS
Hik LB s, [} =1; WJa—IRpRRKERES] i 20K
R IE T S, B, ~ CN(0,0°1,,) -

PRI, XN P ke Rk Bl G i 4 SR

L K
[ p
Xk zzzg‘fklm ﬂ_g;hjlmslm +g;—1[(nji (17)
IIm

I=1 m=1

(ERBEAE AT IS TR TR B A o] AR S S 45
T, K e SRRSO R T AT R
i, M a/NX 7P & R TIs

T
R, = (1 —EJlb(l +SINR,, ) (18)
e, SINR, Ros/NX AT b HES T 3RS

tbo WAR, R, 5 SINR, RIEAHG. BT,
SINR,, (13t 54X (19 P

1Y% H 2
EE“ gjkhjjk |}

SINR,, =

Jkim
=1 m=1 ,Bum

L& 1Y% H 2 1% H 2 2 2
Zzg E{|gjkhjlm | }_FE{‘ gjkh[fk |} +o E{ngk || }

(19)

Jik

KA, A FARBEPH G S I RIE L, 70 BERZS [R5 R R Z B 91 7 2 7o Bl FA i - X H

B P S A TR 25 B K R S e 7

ﬁﬁk

g4 AHFA5), T (198 I TE N

%(M+2)+ﬂjjk _5j‘jk

'B./f/'k

SINR,, =

ﬂ ilm
Z Sigm T Z Z S jkim S Z S juak
B,

mzk 1#] m#k 1%

QO IIBEH, 2 TR RN X A AR
X B S S 3G B T3, 55 iR oA
NP bR AL AN [R] S5 50 P 3 R T
o, B =B H AN 5 H AR 2R T A
SR B 3G SR G 3, fa — s
PERE

4 SMOEARE

41 SMSEAREKTE

B 1 P, RRAE bR/ DBt AN E 1R
LB AN R VB, W RE RS 6 AR IEIX
o TR R R, AT H ARGy
A HARD I R A TR, 7T LUACEL,
FERE R BRI IX I8, R X T o (T AR A i T
TN, HARDCEA ] Bz ik 1 140
DRI B Hem 2, AT/, JREART
A TP A2k H AR Ak Py 1R 32 B 3
Voke NIk, TR SR, AL H AR
AP TR 23 IR A A ik 8 H AR 1

(20)

ﬁ ik ﬁllk ﬁllk p

T 2 S HAR A S0, w] DA 2%
PR ARG S IG5 48, AT i R T IA &

DL, ARSCREH TN T A AR BN
TV SR SRR T (B S

PE 1 EAFR R DR, AR
FEANXTE BN bR R, I, TN XA
A AR AR 7 16 o

TR 2 TSI AR . AR D SR
AP RIAL B R AR, KT AL AR Dk %/
DAARAR AR B IRIA AR, SErb, P (KA A AR A T

OFKN, -n<O<m,

W3 T, WA 0 MR, XN
(WA P AT TR HE

BB 4 FHRC. HIESARE 1,2, -,

NIN<t) A HEF e I P 34T 2 5 » REAN G 5 70 5T
NN EAZ 3

X ASNXT el R AN X N B
AN EAR R, IFog s Ll 0 B T AT .
XFFANFENXT AN Xt A E 58 T 7

2017172-4



160 * W ofE %

38 %

AN PRI TAE, AT S 5 HALNX S
A FeAT55

DB 1 A3l 2 AR, 1 2(a) T 2(b)
IR T R B S A 53 I 7 S FNAE Ge B ML
BT G M S A R 29, DX LK
HARNX, ANX L AT AR X P52
M EARH P AROE AP ki ks B SI0G0 5 r
XN —ANEARR . TN, 5 HEH R
CRGIGE  Red Ry WA EUAR SO NE R Ty S D AB A= T b
geo FECHH AN, 5T S 2
B ELEE RN, BT A RN, RS
FAERZ AN F A a5, Bl 2(b) LR
TR D

aftvlie FI
Lol R % K

adtyh e fiIf
[ RGH = X 3

(b) fRGEREHLSHSBLTT 5
B2 SH RS AR

4.2 THEESHR

Wikl 3 s, AR AN ) 1) R 2R RS 1)
Bacyul, RN ISR A 6 Xk, 4l
M BE A~F Fride EPTER I SAT LT S, AR
WA AERRICI RN, AR R P A B340, DAL,
AT P 85 3 BE B OL  AEAN RN X B AT [
— ARG I P A RO AT BB T 4 5 A [ T
X, Wl 2w, TN LS EbsH P

ks ko ST AHIRL A P 9 3 AGAE X I E s
MIARAE T AR B . TTAE AR e R REAL 300
SrBCT S W 200)0R, THMX S E A AT
A, B elae S H s P =2 HIAH R 50

CERPNS G

42.1 fFifEitiE £
i
B EAN
4 ; m B, 577 l | z,, _b;f |

XFF RSN R P AE TE A TSR
13575 1% % (NMSE, normalized mean square error),

M5B 1 A
2
o
’ ﬂjlm + E
=E > (22)

O
1+lujlm +—
0T

R
im h/’/'m

h 2
[

NMSE = E{

2
ST, BT a, <1+ 2, FEk, mLl

jlm

yols
¥ NMSE I HUE Ky
2
O
E{p;, )+ or
NMSE ~——FP% 23)
O
1+9
0T

R @3) T, (AT NMSE B2 5S
W54, SNR LU SR MW, 1, Elu, )
AR72 G Y] NMSE X IR, %45 005 T
POP OB T A0 AT 3, T LA i P A e 1
FH S A s kg . SLit5Eatn

H Zim _b1 H

d
jﬁm—@ﬁ
E{ﬂﬂ4}=2;§mm - flao (24)

Horb, Qs 5 BRI E AR S A TP
(K334 DX Ao AEREAL S BC T S, %X 08T

2017172-5



%8

FEgE REE: BT MIMO R h Ik 111 (08 A5 K S50 il - 161 -

PN XA ERTa s e T SR e,
HAEH o A S s DL R, 12 DX Sl i o 4/
DX 1 55 H b DX sl 5 AH 7] 1R = AR T X
@y, 5 HAbs S AR ST
PO P B H bRl s, 3 1 A e
/b, NMSE Wi, AR, Brit iy £ 7 S0
MR HEE, SESMBNLSHRC T EHL, 1%
T EAEFEAN T E R R
422 fF5FHREA 1
MREEB M — o I, 2 (20) A LI T K

: ﬂllk _ 1
lim SINR,, ;jg,-k,k( ﬂ,,kJ ;ﬂ;k (25)

AR, MM — oo i, HARME S SINR ¥452 i
TG, PG YA TR SINR (1) 2
Fo RIS R, BS80S bl
AERAIE I, SINR AEAE# AL HUAS 5 IR

AREHA RN, AXQo)yT LUREL, B T B
SIS R P AR IR A e A, TR R R R 5
T NI AR a6 B RS P g . e
B BB — e RS, SE g SINR 15
e JLF- 0] LA o BT 7 8 KA ORAE T S I
PEE, Befds A0S s e BARTE Bl N, e S 0
T DM HAER ™ BRSO, wT LUk BB
TC AT R (1 B o
423 F%haTHE

ARG P RC T, SA0UF 5 R B AL 3 ic
SAFEMP . B 20)%, THX L NIRRT
P Re S S HEsH P ks ko AR S50, 1
AN T 1R 52 AR o H A FH P 3 B S5 A5 A7 A
FHERMZEN. WK 2w, H7 kL RsiE
MEEBIEAST Tk P b B2 BNTART ks
(A0S A, AT SRAG B s R Tk dd e . R
TEAL G M BENL A5 Be 7 b, ARAEE ™ B A
AP

FTe 7 SR T P A B AE I, AR AR A
KKK F A3 B A, AP /NX A AR AR
SEAE REd o) Uk SRR PN S e SR ERE
FERCNFEIT o AE—N 58 M R ER MR 1 I 7 5 Y [ Y
1T H AR 35 (0 F P B AR ) 00 (A
) FH P 52 3 (1) A5 G o B AR Fa . Rtk o
P RAEE R LR R RGN A T, AT
A H B REIR A i 1) P I

5 (MEEZR

AT XS PR T TR RERE 2D AT, AR
RS B H I Frie T S M REREAT T L
FEAGILARG, BB T Al L NN
JRRIIEE 85 1 2%, RSN DAL KA BRG] BA K
—ANKRIBOR Ze vl REA LS Y 6 MECH MARK
LRI E [ R EEFE AN, BREAS R 3 3l 78 i A

Eﬁ%%%%&ﬁ,ﬁﬁﬁﬂmﬁlﬁﬁoﬁ&ﬁ
(R FESKA TDD Bit, (S MM s, B
SHRCEAD TN ] 9 AR R AR AS . R 0K i) MRC
ik, REMBRAT LS HmE 1 Fix.

#z1 HESH
ZH Hfl
N L=7
EDRES k=16
S 7 =16
NX AR /m R=500
HARFESR 2L K=3.7
KL M=128
{14k L /dB £ 10
2

N T BENs R ML T T PR REUEAT 20 AT
AT (A7 B R G I 1AL SE R BEAL T 050 BE T
%, BHESHISMIC (SPA, smart pilot assignment) 774!
DL TG S5 et U E o . o, SPA & E G
ARG TE IR R B 9% R BOH S HAs DX N IT
M2 2012 H P TR, JHRYE 32 T-PiomEE iR
AN P TIPS, SR AT I 75 2 TV EL e R
SR B H kit i R 590, SPA 7% H
Tt B I 53 28 T VEARAM O O AN TR T e s AR
A, 207 R O(K 1gK) , TBEAL
SR BCTT S A SRS T R T AN 2295 25 54
AR, RN 0Q) .

Q4 PTULUE H, fETHH P 2T/ X 3k
MER B G O0R, TR 3 H AR N X L )
PREGERE, X HERH IS AR . P TT &
TR AT 21 H BRI 1R PR 2 i il /R e
SN, AT H bR 52 20 S 5. 36 2
M 3 Jpolgs b TR 2 H AR NX DU
FE/N DRI A [ R B B /N X AR 2 bl 0 LEBERL

2017172-6



© 162 ¢ W ofE %

BT T S5 TP r S B v LUR L, 2 AN
e ST BB AE /N X Rl ) ()P B e L
B METER T G AT I H AR X R 12
P R BN BT S R, BERL T
FH, AR AT YU 5 H FR i (8] () 2
ARWHEIL, %A 7 AT RE SN H BRI P i ™
P ae. ok, Pridi b AR 21 H
PR/ RS PR RS IR 22 AR, U] T AN
X FUb P 368 FS ) S 405 e 5 22 ) SE /N, AT
R EREE T RGN A X TR TR
SPA T S MEE AT LORIL, Vg B s b ST
PuFH 3 H AR HESE R P EE B 5, {1 SPA R
TP P 380 A /N DX st ] ) LA B
H1Q24) T LR IL, TR 5 5 5P - 20
FE/NX IR EE BB A VI G R . XA ATy
FLRGON T A D AT T Dzl i i
B TAE /NIRRT, T RS TR AR, XA
RN TR AT B PG . A, T
55 SPA 7 ML REM i e 2D LR

x2 SHTHARIBRNEESRERES NXFEZLE

Ji% Py R ME FHIME JiZe
KLY HiC 1.04 1.80 0.21
VI VIES 1.68 2.19 0.08
SPA Ji % 1.37 1.93 0.10

x3 SHTHAPRIMENEESRERES NXFEZE

VES SIS de /M S T
BEHLS> T 0.25 0.62 0.042
PR Tr % 0.25 0.62 0.042
SPA % 0.19 0.46 0.035

el 4 pron, fEAE SNR T, B Iy &IH—
W7 R AW AR TAL L BENL 30 e 5 565
T U5 SR eAT R fF B A T RS . 5 SPA
JI SN, Py MR iR = s e, El
HREIT . 535h, 24 SNR BUICIN, P Jr%. SPA
J7 UL R TG PTG G N 1A TR E ok
I, UUIEAG SNR TG DL N, Py LK SPA
T B Re e HRIT e S I G LR « BEFE SNR 1)
bew, BENLOBCTT 5 PrieJr bl & SPA J5 RINI
AR E MG TR, BRI, RS
TR T ERRE, PP RSON T RS TE
TS R e TR 3

38 %
]01)
#4107
B
=
ty
2
| \
o102
—— BEAILA L
—A— iR TR
—o— SPA TR
|- m
1075 0 5 10 15

SNR/dB
B4 ORI R Ay i

Bl S 25 TR RLR U il /N P B A1
FURRTERGE R . B S aTLLEH, 76 S AYS Yty
FEMIZAT T, SPA JF M IA M H i, it i %
K2, BENLSINIC 7 MR 22 R, 4
R REHD T 10° I, PR RY SPA 7&K
PERET 24, Sair T J0 3005 QL I L - B X(20)
AICLENIE, fEREuh REEBD GO T, s G
DIAMOFHER = (BHE 2 H P S s 4%,
DU R SRR AE AP0 72T A5 5 s8R o 4
BKLLTE . B, M As Y PR3 e s Ga
RTAES T, PIG Yt nl ik AE R (1) 5 0
JUT T LA o T BT )7 2 B K SPA T ZE 3 RN
S YA IR AR VS Y, 7E R ZR B D (N
{5, REMSHLALET JC ARG Y P e . B LR
LRERE I, S GAE PR A ) L ek
NP S 710 o7 W Y s A (6 - A L D B R
W o B2 T%n, MREHIE T I KI5, SINR
5 S PG Y ioT Jr x be . S PR R R 4y i) R
NBENLABC . T4 7 LA K SPA J5 AR & E U
FIETF KIF, /NDR T P ] s 03 26 11 7 10 A FR o

—E—hE AL AL
—A— R AR
—O—SPA T &
—o—JC S Y

- O -l AL B A EAR PR
- £ - iR 7 RGHEAR PR
- < -SPA ] ROHHERIR)

/N AT SRR/ (bits - Hz el ™)

10! 102

10° 10° 10° 10°
REHM

Bl 5 ANFEIREEL T /X IR RE A

2017172-7



%8

FEgE REE: BT MIMO R h Ik 111 (08 A5 K S50 il <163+

TEFI G GAFAE LT, ANX IR RTE R R B R
SR D) NI T S A 15 8 [ < U W 5 144
B o TR TG ARG Y B0 N, ANX IR AR
BENS 5 R SR AR FRIL BB LU SE R

K 6 4 8 B AT (8PSK, 8 phase shift keying)
W _EAT E A R LERE % (BER, bt error
rate). WIE 6 FI7R, LERGEANSA R T,
FTde i %55 SPA J7 Wi Lo -4k, 30
KT RENL A BT 5. AEILIT B, KHARE MIMO
BEulial i L RERC & — AR OR 2 . S IIN T Uy
EHIME RIS T SPA 7%, (U5 BRI e 7 &1
WAL T SPA J5 %, P i FAL K br R %
Hh ik AT SR BAT ORI A e

] 0()

—=— LML .
105} (A= R D % )
—0— SPAJT R
—o— Joiis R
-6 1 1 1 1 1 1 1 1 1
106100 200 300 200 500 600 700 800 900 1 000

RéHM
Bl6 AFRLEFBE S fefik tigh 5

Bl 7 25 T FATAR R ST P SINR (1 2
ATk %L (CDF, cumulative distribution function) .
7EF 7 v, CDF [ i S BBEN, 15 WA 7] FH P 1] 1)
SINR ZE58/N, REMAPrEBE . SR, it
77 %\ SPA J5 L KT 3 A0S B R 1K) CDF it
2R ] b LE BRI 4005 iE 7 22 1% CDF i 2 BE
UL 7 % SPA U7 5 UL AR TG T A0S Bt Ol
TRHRARENRGE AP Falkh, EE%N
BEAL S BT =, A KME 10% 1 7 SINR
IKT 10 dB, %655 H P IR Al Ik s 3Rz IC e A
P, JFHM R T ERREA L. M
JIT 7 S LA K SPA J5 %, JLF A HI T ) SINR
L 10 dB, A& H P I8 A5 it E AT T ORRE .
FAN, WL 7 Rt CDF £k i e B K B AT
LI H, SPA J57 &M CDF ik b fir $2 7 2 s bk
W, Ui SPA 7 EINRG AR &y, (H AR
T XAIEA R K.

1.0

—— LS Al
09 —a—FriR H%
0.8 B~ SPAJI %

o= B IS
07

=o.6T

Sost
%;04 r
03
02Ff

0.1

30

B 7 FE S HE S TP s LR SR pa 5

6 ZERiIE

¥ NSV I ey LiP7 S o DR A R RSN INES 3
PIC T 5o 207 SR HL P A7 B A DLITAE /N X Sl
BRI AE AR 2R R (AR AR AN, X BEAT HE YO
IR IPBE I T REG S T FRENRF A, fE
g F 7 IRV S 05 e BB B S5 1)
FLARARW], P s SERe e A R AR H] 1] 1 9
TG0, TS m e A VIO L, ST A
FrRlIER, IR R AR R LR R . S 5h,
JITi T3 S L B A A B (K BEALYE, AR
(K] SINR SN, em T R . K
SEE T, Prie T EMPERE S SPA i xR, H
IRV SR R S i D EE A

S K-

[1] BALDEMAIR R, DAHLMAN E, FODOR G, et al. Evolving wireless
communications: addressing the challenges and expectations of the
future[J]. IEEE Vehicular Technology Magazine, 2013, 8(1): 24-30.

[2] AGIWAL M, ROY A, SAXENA N. Next generation 5G wireless
networks: a comprehensive survey[J]. IEEE Communications Surveys
and Tutorials, 2016, 18(3): 1617-1655.

[3] LARSSON E, EDFORS O, TUFVESSON F, et al. Massive MIMO for
next generation wireless systems[J]. IEEE Communications Magazine,
2014, 52(2): 186-195.

[4] LUL,LIGY, SWINDLEHURST AL, et al. An overview of massive
MIMO: benefits and challenges[J]. IEEE Journal of Selected Topics in
Signal Processing, 2014, 8(5): 742-758.

[5] ZUOJ, ZHANG J, YUEN C, et al. Multicell multiuser massive MIMO
transmission with downlink training and pilot contamination precod-
ing[J]. IEEE Transactions on Vehicular Technology, 2016, 65(8):
6301-6314.

[6] FANG X, FANG S, YING N, et al. The performance of massive MI-
MO systems under correlated channel[C]// IEEE International Confe-
rence on Networks (ICON). Singapore, 2013: 1-4.

2017172-8



“ 164+

WG

1%

38 %

(71

(8]

[

[1o]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

YUAN F, YANG C, WANG G, et al. Adaptive channel feedback for
coordinated beamforming in heterogeneous networks[J]. IEEE Trans-
actions on Wireless Communications, 2013, 12(8): 3980-3994.

YAN X, YIN H, XIA M, et al. Pilot sequences allocation in TDD
massive MIMO systems[C]// IEEE Wireless Communications and
Networking Conference. New Orleans, 2015: 1488-1493.
MARZETTA T L. Noncooperative cellular wireless with unlimited
numbers of base station antennas[J]. IEEE Transactions on Wireless
Communications, 2010, 9(11): 3590-3600.

MOCHAOURAB R, BIORNSON E, BENGTSSON M. Adaptive pilot
clustering in heterogeneous massive MIMO networks[J]. IEEE Trans-
actions on Wireless Communications, 2015, 15(8): 5555-5568.

ZHU X, DAI L, WANG Z. Graph coloring based pilot allocation to
mitigate pilot contamination for multi-cell massive MIMO systems[J].
IEEE Communications Letters, 2015, 19(10): 1842-1845.

DONG G, ZHOU X, ZHANG H, et al. Linear programming based
pilot allocation in TDD massive multiple-input multiple-output sys-
tems[C]//IEEE Vehicular Technology Conference. Nanjing, 2016: 1-5.
CHENJ C, WEN C K, JIN S, et al. A low complexity pilot scheduling
algorithm for massive MIMO[J]. IEEE Wireless Communications
Letters, 2017, 6(1): 18-21.

ZHANG B, BAI Z Q, LI J H, et al. Artificial fish swarm algorithm
based pilot allocation in massive MIMO system[C]/IEEE Internation-
al Symposium on Communications and Information Technologies
(ISCIT). Qingdao, 2016: 82-86.

ATZENI I, ARNAU J, DEBBAH M. Fractional pilot reuse in massive
MIMO systems[C]//IEEE International Conference on Communication
Workshop (ICCW). London, 2015: 1030-1035.

ZHU X, WANG Z, DAI L, et al. Smart pilot assignment for massive
MIMOIJ]. IEEE Communications Letters, 2015, 19(9): 1644-1647.
KFTH, WAk, FhEE R B IR R ) R 43 Ty V4 R A
MIMO 345075 4[], 845 274K, 2017, 38(2): 165-172.

SONG X L, YANG L, DU J L. Pilot decontamination in massive
MIMO system combining time-shifted and cell sectorization pilot as-
signment[J]. Journal on Communications, 2017, 38(2): 165-172.
ZHAO P, WANG Z, QIAN C, et al. Location-aware pilot assignment
for massive MIMO systems in heterogeneous networks[J]. IEEE
Transactions on Vehicular Technology, 2016, 65(8): 6815-6821.
ABU-SHABAN Z, ZHOU X, ABHAYAPALA T D. A novel
TOA-based mobile localization technique under mixed LOS/NLOS

conditions for cellular networks[J]. IEEE Transactions on Vehicular

[20]

[21]

[22]

Technology, 2016, 65(11): 8841-8853.

TARANTO R D, MUPPIRISETTY S, RAULEFS R, et al. Loca-
tion-aware communications for 5G networks: how location informa-
tion can improve scalability, latency, and robustness of 5G[J]. IEEE
Signal Processing Magazine, 2014, 31(6): 102-112.

BJORNSON E, LARSSON E G, DEBBAH M. Massive MIMO for
maximal spectral efficiency: how many users and pilots should be al-
located?[J]. IEEE Transactions on Wireless Communications, 2016,
15(2): 1293-1308.

NGO H Q, LARSSON E G, MARZETTA T L. Energy and spectral
efficiency of very large multiuser MIMO systems[J]. IEEE Transac-
tions on Communications, 2013, 61(4): 1436-1449.

EEEIT:

2017172-9

HER (1993 , B, J"&HKIMA,

R N2 [ A S o2 | T A I TN

| BB MIMO RAMEZ PR B
B YRR .

W& (1977-) , 5, WIZEAN, &
TRBOR R BR, BT ) Tk
Boahiife . BUCHEE T (E 5 2.

RIFEF (1989-) , B, WEEEAN,
WL T RHE R A, FEEAFER 5 kK
AL MIMO 545175 Ye kil v



	16

