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A Novel Beam Downtilt Selection Method for 3D Active
Antenna System Based Cellular Network

Wang Kai, Zhang Liang, Tan Guoping
(Institute of Communications and Information Systems, College of Computer and Information,

Hohai University, Nanjing 211100, China)

Abstract: Traditional 2D active antenna system can only carry on horizontal beam steering in cellular mobile radio
system. The existing 3D active antenna system based cellular network can obtain large throughput gain with the use
of vertical beam steering. The existing beam downtilt selection method for 3D active antenna system is based on the
information of pitch angle. The received power of the user is very low. A novel beam downtilt selection method for
3D active antenna system was proposed to improve the received power, which is based on the received reference
signal power. Simulation results show that the proposed method can improve the average throughput of the cell and
the system performance sharply.

Key words: three-dimensional active antenna, vertical beam steering, beam downtilt, throughput

ZaERel,

TE 5T e s [ 2 oh R RS
5K FH 7 B T A,k kG e R R
(half power beam width, HPBW ) # &% — 1> RN fEE

518
TERETAMRGE R, RERGERM LB K

ELYEXT B AP
AE 15 7K F- 4E 37
& YRR RSB AP 2 4 (F

INDC, SRR AR X R R T HE, R RER 2 . T
RETMENEERK, RETETARRLZSR
(active antenna system , AAS) F 3£ 3 R 40, % R 4838 if R
F R 0 K 2 730 B £ AR DL R S BOR T 2, AT DA A

75 B #A:2014-07-06; & [E H #7:2014-09-26

2015007-1

{7 5, It 30K R T8 M 0 £ B9 7 2 A BE A A R L HY
Ak B IR B B AR O TR T RGEMERE, T AN R R
0 L2 ORE A R 0 R A 2 A = 4 2 1] PR X o ]
IANYS NI IDRE TICERR KR A Rl 3 AN TS ))



BERFE 2015 £5 18

B ZR G0 I A7 ik R A SCRR R R 9 R G805 % 3DT
(three-dimensional scheme with downtilt) /7 %, TEZ &,
JES AR P A /N D 6 SR FR R R B R f Sk P
BIARGEE A0 T /N OB 8 RZ B R
BB B XA RN X TN 52 AR AR /N X
THAL FEBN 00 T /N DK 5 0 P, K2 R /DS
97T 6 Ay, AE K TT RE 2 XA AR AN X P AR R TR, AT
BN /N DX AR5 AR AR /N D 2 P T4, 55 SCik[4]
BT R TR A RV T AT, |
& BT BRI TE TN P E 5 B R A R
o, T RGN,

AR SRt — o B T 4 AR 5 T AR R BT i
M 3D HIERLH M T E, Pl RS %55 5l
Ty AR fg it ) RS £ S T AT M6 A Y R A
{5 DA H, KR RT DURE T P W 15 5 1Y 2 258 B d FR 1
DR B4R K], %07 BT LU P 3R S I R ok Ak
BT/ 30 2% F P 00 AR DL SOREAS AN X ) e
1 R 507 B P AR RE AR 23— D4R Tt

2 WAERTHMARFFTENARRE

TEXRT ID ARKZMAR T Rrh, BIR—F oy
SORIEI R R 2 AT 00 R0 f AN P IR %S
AR FH P A0 AR T 2 3 P A T 0 I R 09 A, AT 8 5
P 805 5 o

B () 0 5T 000 Ay o 8 O 0 5 T RO £ AR R A U
WO TR B (DUT % 3DTA ), &I DR T i
R AR L TR P D0 AS 6 F PR f RN R T
R e oA T 4 O A B RN Ak H AR KT 4 1 A8 A/
82, BT AT DL — S [ 7 AR B R 101 A R0 G 10 22 1 1
T AE—FRAT 3R T AR KK R R N
Z (LU F% 3D3TA J7 %) 0 g 5 B T i f @ 10
KAEMK (D) IR,

9,p<8
#p)=:13,8<p <11 (1)
17,0=11

TR0 £ 05 9 ORI A B 0y 5 R T O
T AR K TR A, 30 B AT RUBUINAS N X A5 5 56 46 45/
DG P T3E . SR, T IR f5 5 B R 0 3 0 3k
FHEXTUE TP, PR IR 5 15 5 U RO 0 B 0 N
Mo BT 3D3TA J7 B R S

B 1 3D3TA J5 Z& (1 i o 7 56 15 1l

B 1 R, R/NK 4R DTL DT2 F1 DT3 43 3 # %
3ANASTRD T 00 038, NI 20 R 3 A I3, 3 0 ko X
v A XCJBRRE [X 08, 5 R 0 KB BN T Ry B
FAL X 5 AL B B 7E Ry R Ry Z 610 F P A7 o X
B ARSI R AR R, MR, 22 1) P T X 3

i 3D3TA J5 a0, B P 140 F /N X i X, 3 o
R4 EAT IG5 SR I AA(5 B/ T 110, M5
SEEERE M R DT i MR 45 P 1, ()38 o i ol
PETWfh DT2 W M g5 P 2, ¥E 4 T Wi f ok DT3
BB R RS R 3, B LA, R DT R R
3 I F A fr 2 oP D DX TR A O DT2 DT3  oR 3
T e 1 200 X8, X R AR AR E —E BE LN &
P68 A8 48 /N IX 3 B T4 (E2 P IR 4 1R 5 Bl
DRS00 oA 3 7 ) HPBW B AICE A [ it
09 A 2 10 T RE A7 76 T 36 2, P R4S T R L e
YNER

3 HHERTHAREREFESZE

RPN CRE 1 S R € S AR i
FERE AR T — AR IR TR S R R R R
AR 3D AR REREHAM AR, ZHENTAERE
e 2 frR, BRI,

ST AR A B R (¥ CSI-RS (channel
state indication reference signal, {5iHREIERSH(ES )il
EReE OIS iR EiE T 1 R A EReE A QI
T o PR B R M A A R B R R B T B R R AR
B IRR AR B RS IR A5 Bkl . (ol SR ul AR A5 P AT DR

2015007-2



m HESFE

@HﬂF‘ Agfm A%iﬁz

LR B
[ CSI-RS
e [EEWE G RFCSIRSH
IR B
T RICSI-RSH K
TEERTH
B2 |§ﬁ%ﬁﬁm
AR
s Ve ER
" RAVH
s ERELR ]
" RRER
B 8
|

P2 T B4 TR A T vk L R

(K1 K 2T 240 1K Y- 4 JE SO B R B e 1 M K £
B, VUESE 2 3D A7 I8 K 4ok 1% R P 34T 3 A0 4L
gt | A g XU R A 7T LLARAS SRR G i st
EESYEVEDARIIE SE RN O (VR AR N/ T 2 L

SR 2 LA AT A R (R D A 17
WD AR A5 BAL R AW e i 0k B A5 BAE AR 465 45
P REGEE, & H AN R LR E R,

G 3 FEU R AL Y 2 48 5% IR A /N X P i

T8 et .
SRA HUBANX ARG L LA M
BIE

SHS R ES N RERIEERGER,
HaR/NX P B o, R G L
R GEERE R AL . 0 AN DX 2 45 B U0 % 0 A 1
B A SR T E R,

TEE 2 sy PR3 LR 4BA—Emk
k¥, ISR LIRS #E7, B3R 4 WATLIFE L3R 3
ZHiHAT

BFE R 3 AT A IR 55 AN P b T
FRUE 5 T AR PR AT £ 19 3D A I K ¢ ik il 46 9 )y
2] {75 B 3D3TEB (three-dimensional scheme with 3 downtilts
extended B), MLHF, 1 A7 B ol A 3 A X7 6 /)N
X, M RIS 5 (5 5 H O 2R iR T A R
JEHe HC R g Bkl Bl AR P R 1R B 5 RGBT
BB T A/ SN KT R, X

2015007-3

e /NSO AT DU B D R BRI 55 15 5 4R T
(G ACEE S

4 FEERS5SH

TR TR R, ACRE T 2AXMK
T B, — 4R IR 5 T 0000 A 5 B0 i RS 0 O
Ji % 3D2TA (R 2 A FWify ) 3D3TA CRH 3 4 F il
) A1 3D3TEA (A T4 ¥ 98 B0 ) =[] 9 44 fig X L
B4R SE — 4 R TR SR
B % 5 f (9 7 % 3D2TB 3D3TB Al 3D3TEB 2 ] f
BB XTI

T 3D A IR Rt s AL TR ta B B, APk
Ml HELREN RS # it miE, 5
o SR E T 19 AR A RS 3 A X B XOE
IR TE S TIE | 5l TR 476 B 5 flf oo 5 il ] ] 9 56 95
Hul 5 G S 5 S AR AL S 36.814 b AT
A5 B B0 T 7R 6°~90°3 Bl A BLEE#E % 1 B T &
G R EEBR,

®1 REUNIERGSH

2 HuE
Wepr et NG RR XK RA S AL 3 A X
i ] 500 m
e 19

R AT 2 GHz
B 5 2 % 8 dB
Bl P AL 5dB
el R 1 Tx

FH TS R A 9 dB
JH P R H 1 Rx
Bl MR 4T R 46 dBm
R RS 8h 3 km/h

B34 T SRR B AL, 5 TR0 5 B A0 R
TR T R Z A RE X H, Hodr 3D2TA 7 E W
AN SRR T PR 130R 1700 f BE #5 T, HPBW L 10,
3D3TA J5 8 M Bl o0 T 100 £ 254 9° 1300 17°0 1 B #5 T
HPBW 1t 10°;3D3TEA J5 5 ) 3 5T 10 f 2 £ 9° 13° A1)
17°0 f FE 4 1, HPBW JX 10°,

B3 AT DL Y, 2SR T 00 A A0 £ 80 a8 3 1
FARE BT s, FEuh R WA N WA A 3D2TA J7 Rtk e
B, M ECT 3D2TA % 23R 3 4N T A A9 3D3TA



BERFE 2015 £5 18

—%—3D2TA
—0—3D3TA
—8-3D3TEA

20 25

-5 0 5 10 15
TATIEHAE TR IL/dB

Pl 3 TR AOD i R B O SR R RE X L

TR KA T3 P R O A B T R B O 7
For RN R TR, A TR Z )5, /X 5k
SR PR A =T

Bl 4 4tk T S H0R BB, FHRRE SRk #
PEH N W R 2 AP RE X H, oA 3D2TB 5 R M I
BT A BE 13001 29°0 i B 45 L, HPBW JiL 9°;3D3TB
7 0 RN M f T 100 1701 25° ) 41 JEE #5 L, HPBW
W 5.5°;3D3TEB J5 5 35 T M f 3£ % 10°  17° 1 25° 1%
A 14, HPBW J 6.5°,

1.0
09t
08}
0.7+
0.6 f

04t
03}
02t
0.1F

(] ]
-5 0

—%—3D2TB
—0—3D3TB
—=-3D3TEB

5 1.0 1I5 20 25
TATFEAAE TR be/dB
B4 ST 5% {5 B % Bk R 0 e Iy e BE XY I
M4 TT UL HY 2R T 3 05 5 DR A0 T M
V8B O EE B 3D2TB R PG A P S T LR
3.52 dB,3D3TB 75 & il % M 7 s T W 1L 3 hn %) 5.28 dB,
INK G P REA TR K A EGE LRI A TR B
JABLH 9 3D3TEB 77 5, % P {5 T W L AT ik 2
10.06 dB, P REH £ B AR TH . 76 RGE V-1 RE DT T, 3D2TB
3D3TB #1 3D3TEB J5 -7 205 T M bRk 17

% 1t 3D2TA 15 3D2TB 3D3TA 45 3D3TB .3D3TEA 5
3D3TEB 3 417 Rtk e M & vl LA, 18 H AL 2 80 [F)
FIEOLT R T 2% (5 5 4% 00 2 0 U0 Mo Ay 2 4%
LIS G T DU AR A TR L, RGCT
Ret B ERT .

RLBL T AT ET ARG IR,

K2 AEAARMRZERILE

LES WG PR TR/ AR5 TR /B
3D2TA 2.43 10.12
3D2TB 3.52 11.88
3D3TA 2.26 9.01
3D3TB 5.28 13.78
3D3TEA 3.41 9.46
3D3TEB 10.06 15.48

IR 2B T LR B AR T TR SR
IR PR MR T R, R 3T HME DA
TR R S0 3 77 3R PR AN T AR £ SV BB 4 v 5 A
PO OO0 A0 B0 TR MR B P T 5% R TR S R R
£ ORS00 2 458 7 58 AT LUARAS T e Y R M AR 4, X
M TRENERER TR — SR THIRES %
oo, e 1N AR T LU RERE

5 HWiE

ASCHE T — R B HE T 3D A IR R & R G T i A
TR P RIS 55 HE sl 3¢ 50 19 8R4
f B, I He B 5t 25 Al | 0 R0 D P B 9 1 B 2 %
ROV, TR 7RG TR, (7 HEREM,
T UL 5 2 ARG DR A 2 R 7 ST DA R 4
(R TR B 0 s R BT, hTH
TN T AR PR E AR S % F S W
KRG B T ROEL RS
BEOMAR G AT N — 25 AR AR A0 7 0 ol it — 25
(75 AR AL

S % Uk

1 3G Americas. MIMO and Smart Antennas for 3G and 4G
Wireless Systems, 2010
2 LiQ, Li G, Lee W, et al. MIMO techniques in WiMAX and

LTE: a feature overview. IEEE Communications Magazine, 2010,

48(5): 86~92

2015007-4



‘ﬁ WS F%

3 Saur S, Halbauer H. Exploring the vertical dimension of dynamic
beam steering. Proceedings of the 8th International Workshop on
Multi-Carrier Systems and Solutions, Herrsching, Germany,
2011: 1~5

4 Halbauer H, Saur S, Koppenborg J, et al. Interference avoidance
with dynamic vertical beamsteering in real deployments.
Proceedings of IEEE Wireless Communications and Networking
Conference, Paris, France, 2012: 294~299

5  Koppenborg J, Halbauer H, Saur S, et al. 3D beamforming trials
with an active antenna array. Proceedings of International 1TG
Workshop on Smart Antennas, Dresden, Germany, 2012: 110~114

6 Wunder G, Kasparick M, Stolyar A, et al. Self-organizing
distributed inter-cell beam coordination in cellular networks with
best effort traffic. Proceedings of the 8th International
Symposium on Modeling and Optimization in Mobile, Ad Hoc and
Wireless Networks, Avignon, France, 2010: 295~302

7 ks, R, WESE. — R RS T 3D AR K LA MK T
PR D5 %6, ST TR, 2014(9): 137~141
Zhang L, Yang X, Tan G P. A novel interference coordination
scheme for 3D active antenna system based cellular networks.
Electronic Design Engineering, 2014(9): 137~141

8 Dartmann G, Jordan M, Gong X, et al, Inter-cell interference
mitigation with long-term beamforming and low SINR feedback rate
in a multiuser multi-cell unicast scenario. Proceedings of the 69th
Vehicular Technology Conference, Barcelona, Spain, 2009: 1~5

9 D’Amico V, Botella C, Giese J, et al. Advanced interference
management in ARTIST4G: interference avoidance. Proceedings

2015007-5

of European Wireless Technology Conference, Paris, France,
2010: 21~24

10 D’Amico V, Botella C, Giese J, et al. Innovative Advanced Signal
Processing Algorithms for Interference Avoidance. EU FP7-Project

ARTIST4G, 2011

[ME&E ]

EGL, BRI LS (E S Bl
F5E B REV I+ & | FEIF5E Ty
i Ry AR A AL

S, U9 R T S LS AE B B
HEHEEREV R Lk, BT
If] Sy Jo e 22 RGBS

BEE, S ML R LS ER
R A5 B REM TR B, B8
W m s BHM . &L Bk
W B AL 2% 00 1 5 47 56 R 0 2 45 B8

(£ #: 2015024-7)

7 Aggarwal G, Bawa M, Ganesan P, et al. Two can keep a secret:
a distributed architecture for secure database services.
Proceedings of the 2nd Biennial Conference on Innovatire Data
Systems Research, Asilomar, CA, USA, 2005,4(11): 186~189

8 Canim M, Kantarcioglu M, Hore B, et al. Building disclosure
risk aware query optimizers for relational databases. Proceedings
of VLDB Singapore, 2010, 3(12): 13~24

9 Guo D, Shi W, Hou M. Improvement and implementation
of Hadoop HDFS model in private cloud. Proceedings of the
9th International Symposium on Linear Drives for Industry
Applications, Volume 4, Berlin, Germany, 2014: 663~670

10 Moussa R. TPC-H Benchmark Analytics Scenarios and
Performances on Hadoop Data Clouds. Communications in
Computer and Information Science, 2012(293) Berlin Heidelberg:
Springer, 2012: 220~234

2015024-8

GER
U5 A B ROE S SRR
B T, 2 % B 55 07 1 4 25 EE R K
VLBLIN

HER, 5PN B LR A 5 SR 2 B U, 3 2w
FEIT 1) N A A K i Ak B

EF, 0, WA DO E LA B R B, 3BT
T7 18 g AR ) R B b B SR



