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A Beam Contracted Dipole Antenna for Massive MIMO System

HUANG He
(School of Aerospace Science and Technology, Xidian University, Xi’an, Shaanxi 710126, China)

Abstract: To cater to the needs of further miniaturization of antenna array in massive multiple input multiple output
(MIMO) base station of the fifth generation(5G) communication system, a new single dipole is proposed in this paper to re-
place the original 1 X 2 array. To achieve equivalent substitution, the beam width of a single dipole should be halved. There-
fore, a two-layered metasurface equipped with phase gradient property is placed above the traditional dipole. It concentrates
the energy radiated from the dipole. The simulated half power beam width(HPBW) of the dipole is decreased to 37°, the
simulated gain is enhanced to 14.1 dBi, and the average cross polarization discrimination(XPD) within the main beam is im-
proved by 3.3~8.5 dB. To verify the antenna design, a prototype is manufactured and tested. Good agreement between the
simulation and measurement results are obtained. In conclusion, the single dipole with metasurface added can replace the or-
dinary 1X2 array, equivalent to reduce the ordinary array size by half. The above scheme is very potential in 5G massive MI-
MO application.

Key words: beam contracted ; dipole antenna;dual-polarized antenna; massive MIMO system ; base station antenna;

antenna miniaturization

1 5§ W RN R R, i, 78 AR A LB E A
NIRRT | e SR
JAUBMIMO i W T (R g gy DM IRBUIRIETR S R RARAS R T

: bl £ e N TGS AR . 55— s/ R4 RSF Y
ARZ - AEHECE R A RRE, TSR o m g3k [ 6 ISR B/ I B O 0 2 S

Bl At , S m e e g AT REME . FERXRI IO , R/ gyt
TIALHE AT A Y] . HAv, SEBRZ/ N EMEA PiA T RSO T — Bl S BN K R B 5 RS BB 7

Wk H 1 :2020-12-31; & 1 H 11 :2021-08-17; BT 4 - Mg 5 m
HEWH . HE AARFESE (No.61901321)



2300 H, ¥

2%, BIOR FH — A 2348 2 T A9 (AR 1 R R AR 3 1Y
12 FF . GniEl 1 s s AE AR b (AR 1 98 29k
1.24, A 24 3.55 GHz X W (1) F £h 23 [R] )% 4 ) 19 B A
T2 IR T8 22 65°+10° , ELL AL 1x2 TR ,
E T2 D 505 T U 45 21 35°+5° , Ik B e ] i 75 14
FEAE .70 Z2 A7 T i P A SCHR o i) 4 )2 38 55 °F- T
Tofs B 254 710 T BN T b, AT A B A SR
TSI BR R A Tn) EA  1) I8 et ol TR
1 65°£10°W8/NEI 35°5°, 4 T Ix2 FIER E TR 58 . A<
SCEAAMEAL TR SF 250 1.20x1.20x0.250 5 4 5 1%2 1
TR AR R ST 290 1.9A%1.94%0.25A ; 7EEAANE 7
o 2 RS, iR R K T A 1 H il
K vE , T LA [a] RSF 55 A A T b b 9 1)
JOSFARTR] AR 38 00 2 0.5 2245, FHRE R SF o 1.2A %
1.2A%0.51. %8R IR KL 200 5 R B, MK
2 BT B AR SR SR 3~7 em A2 AT, TR LA 1)
FRUST B 388 Jinsxeh R e B ML oy B2 1 s g e 5 Ak . 28 1 T
I R gk T 2 T B VR o BT AT AL
R4, R ol A 2 R ) RSO/, X 7R KBRS MIMO &R 45+
TaaH.

P 12 [ L i 2 T ) sl 1

2 REFHMRNZIT S S0

WK 2 frR 2 R IE— G AT )=
FMLEM . AL G T 58 SR 1% o 45 F i —
A MR B . T2 AR B A L AR Z5 R AN 8] 3 (a)
(b)) FIT7R . F48 SA F 5A4~ ER o 72 2 2 4 0.8 mm, A FL
WRON 4.4, B IEVI N 0.02 4 FAR 1 1958 AB AR T
R . B — M T A AR R A R
FEITIEN R . A8 B4R BHA T A AN 2548, 43
TOAMC FEL 25 R RIS FL A A T 5 A A TR T A TN
AP B - e A IS R &R AR LI R
SIS R R R, 4R T i s
TS| 5 b b P . 2445 5 Mt 1 1T 2 5 AR
P 104 0 a5 b 68 4 4% i 0 A2 SUM AR 7 I, T i +45°
Y AR AL .

T AL S5 11 [
|III Y
t» X

2 RELHIE(Amm , H =39, H=9,d=14.9,d, = 14,d, = 13,
d,=12)

Xy

|
ot T Bt gk
(b) A% -5t H L AR 25 4 5]

B3l S5 B (R mm, g, = 2, g,= 5,0, = 12.3,r, = 8.1,d, = 3,
p,=198,p,=78,p,=7,p,=17,p;=8.6,p;=4, H,=21)

J— I, 7R B AR L H AL AT 6x6 T
A AR, R TR S A B R S I E 4
FR . BERE S — A BRI B A 2.2 BAE A E )
0.002 41 Ji - (995 MG A . i ok 28 33 26 07 G A i3t
AR, AT DL S B e (A F i e i B . S T
TG XTI B 34T T 905, g5 0 10 R i
KN d,, G502 M Bl & R d,, 95 R 3 B9 A il
KN d,. WEI2FTLLE X e TG A Al s a5
R RS B AR R ZR ] 43 Ry 4 A4S XS A — X A X T e
AL SRR 5 B — XA 3x3 AN HLTT , 31X 3X3 R IT Y A
— B B 5 AN HEA AR 1-1-1 .1-2-3  1-2-3 (1)
SE S

RIS T UM KN d, d,.d, 5, T
BT ML R R 2 . NEL S AT LLE Y 7E 3.3~



% 09 # CRTRVE R WS 2 V2 N E i SR S2 2301

10 —~——-300
08 g :-350
g |

0.6 ] =
= 450 B
¥ 04l ]
&Y N
VA -500 &
~ ﬂ

0.2¢ 4550

00 v e e s N T 600

25 3.0 35 4.0 45

A% /GHz

5 ANTRITT TN 204K 0] 107 ) 2 THT BT A2 il 2% 500 AL 157

3.8 GHz N, f& 4 2 500 MR B 2 K T 0.9, 156 WY H e ]
DAFEIZ AR N 25 385 0 2% 11 45 480 5 1 i 22 B30 AR S0 7 0
N FEA R 457 AU AE T N T ZRPEAR A6 B L KA
5 JIT 7 9 8 2 T PR CHES B 1 TR (8 254, AS [ R 6
T H TG W A AV 22 23 T8 LSS AT T 38 4 PO AR T 8
A A Wb 5 e 1% o v O e T A EL A e A ) 1) T
W, 7= R FERL

Kl 6(a)~(c)s Mgt TG JREsm—)2 a8
WUZ B SR I KRR L 0 A s i 1 R 25 . A
Hn] LA SR IR 2 T A b T e R O L ik
P FE R L I 35 A TN i — 2R A (A 5
S BRI A A T T A R, R R A
— AR BE BUSCAT , (R 2R SRR B A 38 SR AR 6 1
AR B 25 AUA 2 dBi 22 A FAR T, KR B R R 45 2%
TN INRUZ A 8 I, B~ S5 0% K 1 30t 7 Ak B
W, 2 T R 5 W 46 2] 37° HL S5 A )N, 4 25 $ T
2 14.1 dBi, X P EFR 5 [F T —A> 1x2 FRER T8 15, 7
A IR 0 - 359 58 SR AR S ) BE 4R v T 6~10 dB, X
PR A5 45 T8 22 100 A R FRGE 4 , (A58 M 7 32 4 A
SRS

T, BATHE X KL PERES A KPS S50
B SEOE PR BRI Z M I H, %S850 T
A 2% 1T B4 30 T IR AL, X6 3 A K 2R (%) BEL Bt D i A2 3
KPP TEEA BT . 7)) B H T A

n# — 2k i
(a) XOZIfiH 534

T X A T

T BT R

% —— RI CERA)
120 [ — 2 (R
,,,,, MERE (LRl

150

180 0
210 330
—v—ARnEk (XA
240 300 AR EXARAL
70 —o— MEAE (SR

(b) 3.55 GHz Jy ] [&] th £k

12 -

g | — R
S | momERE
| -

8

33 ‘ 3.4 ‘ 3.5 ‘ 3.6 ‘ 3.7 ‘ 3.8
Hi#%/GHz
(c) Hags ik
Fl6 Aim#k. fUNE—2 . IngAUZ 8% mnf K& AR

H XL R ZR S ZH M 4 Ay nl i 26, &t ik, =
BOH EHE 9 mm, A 52 P 3.3~3.6 GHz Y78 55, 3154
T P R TE LS A SO M AR IR 2 T 2 (A A B
B H, ZSHYOE T RERER A tH ol .

E8(a)~(e) AT TS 45 R, Y 1 /N T
39 mm i}, REPE T 06 , RAERE ) — M, M HI I =
39 mm B, RAERE ) R4, HEAsT, D e e R Y 35°+5° /)
JL RPN, 24 H BN 2 49 mm, I 58 ARSI 24 H, 4k
SEIE RS, 2 T R R 0t A4 T RE ek, K R



2302 R S 2022 4
90 —— H=4 mm (EHR
0. 120 60 H=9 mm (EAL)
L T TN e H=14 mm (FEHALD
150 30
g [ Hmm(S,) o 4 mm(s))
|20 F H:9\\1\nm( |S}1D"’\TLR H=9 mm(|S,,) 180 0
8 [ gD e H-14 mm(s,,)
210 330
‘ ‘ —v—H=4 mm (32 Xtk
3.6 4.0 240 300 —4—H=9 mm (AL
% /GHz 270 —o—H=14 mm (¢ X#%Ak)
(a) SZHEUMLRE H (A [ T ARk 1 15 (b) 71 et H A ASTR] I AR AL 1 0
7 AN HAEX N S BB TE BL
or — 1=29 mm(S,,)

”””” H=39 mm(|S,,[)
—4— H =49 mm(|S,,|) .
H1:89 mm(|S,,[) /,x’/

(a) SZHUMLBE H (AR AL ALK 17 5

(b) T AHZREE H, AT TS AL 15 B

(¢) 2SR ALHRZR G H B4 AS [8] i A2 A i 17

B8 AR H (R RS B i

A T ik, 5 KRR L ST L R B AR R
V8 BB T B /N H B (39 mm, 2524 0.50) , 3 1T K
LR B TE R RO . 25 L B, R EPE
TRERE AR, RS R, nT U |,
i e B e 4 28 H BRAEE BB DY, PR 0 it AR T A R
BV HL .

3 HESMRERMT L RS

19 R 2 RZ I S B 1% R AR T I =
AT T I 181 10Ca) ~(e) 25 1 T % R 2R 05 EL RIS
WSS Hin 2k 1) IR £ 18 35 R f D 23R ki 58 1 i
2, NEER AT LLE % K2 n] B 35 3.3~3.8 GHz, 7l N
5 LRI 32 B 5 0 0 )3k 33.5 dB A1 29 dB LA L, 1 A
AN 4K 1) 2F Ty Sk e T8 B 43 R 377 +1.2° Fl 36.7° +
1.8° 47 ELAIIN R (A W (B 14 25 53591 8y 14 dBi F1113.6 dBi.

K9 KERySLPIE



CORNCI B TR MU 2 A 22t R e I RO A 1 R 2303

0 —
:\\\ — 1S, HEDH——|S),| GO
>A ————— ISl (B2 (S| G

-10 P \\\ e FED > |S,] (imﬁ}/
[ ——y S
m L
<) L
20 -
=30 ;
40l | T S | . |
3.0 32 34 3.6 3.8 4.0
Hi# /GHz

(a) D5 ELANSEN S SRt £

90 — ER HED
120 60 WAl sz

150

180

210 330

XA (30
240 300 —A R (D

270

(¢) 3.55 GHz 77 [ [&

90 — EWH (FIED
120 60 EMAL CSEID

150

180 0
210 330
—— XA (D
240 300 —OAEXMRAL (5D
270
(b) 3.3 GHz 7 [ [&l
90 — T (D
120 60 ER U RE 3D
150 30
180 0
210 330
——ZE XA (HED
240 300 —L—RE AL CEID

270

(d) 3.8 GHz 711 [&

16 80
"
[ © © b g0
12 - 60 =2
. W (D i
g o R D =
e - 50 ¥
o | ;X
- B
8 & 140 R
***** PIEBIREE (710 130
L v CRThEPOR T GO
4 L | | L | L | 20
33 34 3.5 3.6 3.7 3.8
M /GHz

(e) 25 AN T 20 96
FEI10 Ry B At ih £

4 it

AR SCR M AE 1 T  3 TH 2H F) J7  A
300 i R PO OB L 8 PR A AR AR 1 9 1 E S
e N LA S R e VA N 71 L PN A S Wi D O
>R 08 3% T 45 4041 6x6 A BRTT , B — > BT i AH IR
9 mm (1 P JE A B ZH B, 9 Bt b 5 B B4 AN [ 1

KIS Bl AR 0 B s A SRR AN
[ Ul e B4 A7 A T A 3 T A R I A 3, (e A A
Tk e s —F W eI/ INE 37° A A 5 (A TR £
A PR A it s A O B 2 R R R RF 7E 33.5 dB Al
29 dB LA I 5 45 BRI G A 04 {8 25 T 3K 2 14 dBi A1
13.6 dBi. £ Tk, Jin#k 1 #E  im () f8 d 1 T LARRAR



2304 H, T

2022 4F

12 10 FHE A SRS A 220 3R e P
R

S Sk

(1]

VANNITHAMBY R, TALWAR S. Towards 5G: Applica-
tions, Requirements and Candidate Technologies[M].
Chichester: John Wiley & Sons Inc, 2017:9-22.

SRR, 2V, RIE . s I B R S B A B K il
TR HL P24, 2016, 44(4): 775-779.

ZHANG J F, L1 P H, ZHU T. Design of wideband dual-po-
larized microstrip antenna with high isolation[J]. Acta
Electronica Sinica, 2016, 44(4): 775-779. (in Chinese)
HUANG H, LIU Y, GONG S X. A broadband dual-polar-
ized base station antenna with sturdy construction[J]. IEEE
Antennas and Wireless Propagation Letters, 2017, 16:
665-668.

ZHAI H Q, ZHANG K D, YANG S, et al. A low-profile
dual-band dual-polarized antenna with an AMC surface for
WLAN applications[J]. IEEE Antennas and Wireless Prop-
agation Letters, 2017, 16: 2692-2695.

LIU Y, WANG J, GONG S X. Low-profile dual-polarized
planar antenna with compact structure for base stations[J].
Chinese Journal of Electronics, 2017, 26(5): 1092-1095.
HAO Z, PENG H L, JIN W Q, et al. A new low-profile
and closely spaced dual-polarized antenna for massive-MI-
MO applications[C]//2016 IEEE International Conference
on Microwave and Millimeter Wave Technology. Piscat-
away: IEEE, 2016: 659-661.

YU N F, GENEVET P, KATS M A, et al. Light propaga-
tion with phase discontinuities: Generalized laws of reflec-
tion and refraction[J]. Science, 2011, 334(6054): 333-337.
LI X, XIAO S Y, CAI B G, et al. Flat metasurfaces to fo-
cus electromagnetic waves in reflection geometry[J]. Op-
tics Letters, 2012, 37(23): 4940-4942.

WAN X, JIANG W X, MA H F, et al. A broadband trans-
formation-optics metasurface lens[J]. Applied Physics Let-
ters, 2014, 104(15): 151601.

[10] LI H P, WANG G M, LIANG J G, et al. Single-layer fo-

cusing gradient metasurface for ultrathin planar lens an-
tenna application[J]. IEEE Transactions on Antennas and
Propagation, 2017, 65(3): 1452-1457.

B OA L, 19904 IR TR BUATY
B PR RS B SR 2B R B it
A I EERETET [ RIS S T

E-mail: huanghe@xidian.edu.cn



