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Figure 1 Two dimensions antenna array in massive MIMO system
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2 CSI-RS #ZRNEKREE

Figure 2 Beamforming of CSI-RS resources
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Beamforming vector in antenna element
vertical dimension
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Figure 3 Vertical beamforming for CSI-RS and data
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CDF of vertial angle distribution
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Figure 4 Distribution of ZOD in LOS scenarios for UMi and UMa
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*1 HERER

Table 1 Evaluation assumption

Parameter Values

Base station antenna configurations Horizontal: 8 elements, X-pol (4/—45), 0.5\ space

Vertical: 8 elements, 0.8\ space

UE antenna configuration 2 elements, X-pol (0/+90)
Scenarios 3D-UMi and 3D-UMa with 200m ISD
Bandwidth 10 MHz (50PRB)
Carrier frequency 2 GHz
CSI frequency domain granularity Wideband (50PRB) for vertical

Narrowband (6PRB) for horizontal

Feedback periodicity 10 ms
UE speed 3 km/h
HARQ Max 4 transmissions
Traffic model Full buffer

FTP, 0.5 Mbyte packet size
Poisson distribution with inter-arrival rate A=4
Overhead 3 symbols for DL CCHs
2 CRS ports and DM-RS with 12 REs per PRB

Handover margin 3dB

X (5) THE B P B AT Igmig R, v LA —P N A ZF, MMSE 8(# SLNR %50, 15%] MU
gD AE . THEE R T IA LTE R4 /K TF4Er 2 P idm i 12, X BAFIER.

FHE TR R A EEL4EMH T CSIRS W, APFAETRET UE RIGHEHT TS, 1 7E 5L
bR serh, ACPLER R L BB H AT BT 8, BRI /KT 2 AR Tt 75 T ). SR 448 132 4 ) dF
ATIRTE, W) bRk 72 [FIRE o] DA T 7K 48 R an SRk 4 AN 2 B 4E R HECA 1 CSI-RS /2R Y, W2
TR TR BT F A A 2 5 B B 01T (1, (H TG A R0 R At 2 A R] 7).

4 RHEHER

AT RGP ESE R, VP T4 1 3D IRIEHLEIE KR L5 R G Tk bE. 1
HBHSHEER 1, REPITTHEE RN 64 H Ny = Ny = 8. {FESILEMR T 19 MEDX, — LA
57 ANMEIX MO ARAFEH T Full-buffer ML45 81 FTP 45 F R Sk B 00 N PERE. X Fars, TR
(1) UE #UR 2, B> UE WK 82 EER L5, o T /a7, AT BLSCHR 00R I Rank & M.
Py AR FEBIAS ) SU/MU-MIMO V¥, HinZ 3 #F 8 A~ UE . RN ES, DEEYER
FATE 2 A (100°/104°) {E AL 3EHE, X2 B ATsebr RGP BON S s Bl 2. FIEE, Brg
(1) CSI kAT LTE R b Il 1 s

4.1 ETERMEZEE YR

FERR X EFR I T ELAETR VP A b, BATMER B R B e IS B — N2 N AU IE L, Bof it
ATARAT I REAAL, U RAE SIS TE AN R 2 v 11 2 (]34T A4 tH T ANF DFT 54K (4/8/16)
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#* 2 CSI-RS FRETHAEIE (3D-UMI)
Table 2 Down tilt values of CSI-RS beams (3D-UMi)

Number of beams Down tilt values for 3D-UMi (°)
N=4 81.01 88.21 95.38 102.64
N=8 75.5 82.8 86.4 90 93.6 97.2 100.8 108.2
N=16 71.79 75.52 79.19 82.82 84.62 86.42 88.21 90

91.79 93.58 95.38 97.18 98.99 102.64 106.33 110.11

% 3 CSI-RS ERMTHiANE (3D-UMa-200 m)
Table 3 Down tilt values of CSI-RS beams (3D-UMa-200 m)

Number of beams Down tilt values for 3D-UMa-200 m (°)
N=4 95.38 102.64 108.21 115.94
N=8 90 93.6 97.2 100.8 104.5 108.2 112 115.9
N=16 91.79 93.58 95.38 97.18 98.99 100.81 102.64 104.48

106.33 108.21 110.11 112.02 113.97 115.94 117.95 120

70.00% 70.00%
(@ (b)
60.00% 60.00%
50.00% - 50.00%
40.00% 40.00%
30.00% 30.00%
20.00% 20.00%
10.00% 10.00%
0.00% - 0.00%
4 beams 8 beams 16 beams 4 beams 8 beams 16 beams
Cell average SE Gain u Cell edge SE Gain Cell average SE Gain ® Cell edge SE gain

5 ETESERMEEMMIEEE (3D-UMI)
Figure 5 Performance of sub-array based vertical beamforming (3D-UMi). (a) Full-buffer; (b) FTP traffic
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TR EAS 2 RSRP H T35 B 4k A% 5.

Bl 5 Fl 6 gy T Wik S N BARM O g 1. b, BRARPR AR B 4R s R R, Ak
P DR 25 T30 4 i B 1 T T A X T AT I 2R U 7 R /N ISP Y R/ X A AT i R 3 2. 7E Full-
buffer M4 F1 3D-UMi 375 R, B AN A K/ 3 B 4ERD A ST F LS HER 40%~55% /N X T
B A 50%~65% H/NX DG FE B, MrE 3D-UMa 355 F, REIDA KN AT DL
30%~50% MH-FHA38 e fIA 38 5. 7E FTP W55, B4l FIRE A L al I, RIS, OB RIS AR R/
(4t SR T LA I, 1 o 7 AN B & R A (1) 14 DT B G 0. RS AR T 8 I, 3D MBI R ik 3] — A
R, LEES CSI-RS B YR 4 1 5 M T 159 3 (1 IR 48 43

4.2 ETEEEZRNEEHRK

FEAER TR HAEIR T 7 30T, B4 CSI-RS BORATBRS 2 — Dok S AU 1E, i E 2 7 5
HEFTA N 8 AN REHTT B N T WEFAS R A I h 2 3 WO PERE I REm, FRATZE T RS R ARBE T
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E 6 ETHoEEiERRREMELE (3D-UMa-200 m)
Figure 6 Performance of sub-array based vertical beamforming (3D-UMa-200 m). (a) Full-buffer; (b) FTP traffic
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B 7 ETxeEEnEERREMEE (3D-UMI)
Figure 7 Performance of full-connection based vertical beamforming (3D-UMi). (a) Full-buffer; (b) FTP traffic
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8 HETEEEEMEEMMIEEE (3D-UMa-200 m)
Figure 8 Performance of full-connection based vertical beamforming (3D-UMa-200 m). (a) Full-buffer; (b) FTP traffic
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Precoding and feedback for massive MIMO via beamformed
CSIRS

Wenhong CHEN*, Qiubin GAO, Runhua CHEN, Hui LI, Tamrakar RAKESH & Shaohui SUN

State Key Laboratory of Wireless Mobile Communications, China Academy of Telecommunications Technology
(CATT), Beijing 100191, China
*E-mail: chenwenhong@catt.cn

Abstract The application of massive MIMO is an efficient method to improve spectrum efficiency in 5G mo-
bile communication systems. The number of antenna elements increases significantly in a massive MIMO. The
elements can be connected to different numbers of Tx radio chains and then mapped to different numbers of
antenna ports. Since antenna elements can form different shapes of antenna arrays, e.g. tall or wide arrays,
it will be challenging to design a common feedback framework for massive MIMO. In this paper, we analyze a
method to implement precoding in multiple dimensions for massive MIMOs based on the widely used feedback
mechanism for a 2D antenna array. This method can fully exploit the antenna gain and beamforming gain of
a massive MIMO via precoding, respectively, in the vertical and horizontal dimensions. From our analysis and
simulation, the implicit CSI feedback based on beamformed CSI-RS and corresponding transparent precoding can
provide significant gains compared with a baseline scheme with a fixed elevation downtilt, but only needs some
implementation for beam selection and precoding at the base station. This is fully transparent to UEs.

Keywords massive MIMO, CSI-RS, beamforming, precoding, feedback, LTE
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