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5G Mobile Communication Test Technology Progress and Challenges

Zhang Zhizhong, Mao Yali, Zhu Lei

(Communication Networks Testing Technology Engineering Research Center, Chongqing University of Posts and

Telecommunications, Chongqing, 400065, China)

Abstract: As a key part of communication industry chain, the 5th generation mobilecommunication system
(5G) testing technology makes it possible to simulate and test 5G network devices and evolving new
standard technology. Flexible and diverse test technology can truly reflect the network status, providing a
strong guarantee for enhancing the coverage of 5G network and improving the overall performance of the
network. This paper first gives a brief overview of global 5G development status and an introduction to
China’ s test progress in 5G key technology verification, core network verification and access network
verification. Then it particularly presents the over-the-air (OTA) testing technology of 5G NR (New
radio) and its advantages for massive MIMO. Finally, the challenges and development trends of future 5G
testing are forecasted.
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154 B W (Massive machine-type communications, mMTC) A M % B} ZE %5 7] %% 38 {7 (Ultra-reliable and
low-latency communications, URLLC)™, %) Haj A1k, 8 E L E L KEMPEHFEFE T 56
R %5 o

sl [ R 58 AR O e 70T 3 5G R IR 55 1 [ 58120, 7 S0 5k R v R o B R ol AN | 2 i 55
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multiple access, TDMA) Fl #i 43 £ 4l (Frequency division multiple access, FDMA) , 59 1IF 28 £ 1k # A
(Non-orthogonal multiple access, NOMA) f X} Fe 4 Bl 1B 7R o i 8 2 ik AR A 482 Wic s ) FH H2 W80 830 v (an
82 T PLHE T (Successive interference cancelation, SIC) S #E47T T A5 B W48, 7l LI R RE A
7% FIATE RO o T8 o S U BE AR L OB AL 22 ik B R G BB I8 B 1R Ak A 2 T AR RN A S 1A% e A 1Y

BRI,
T T T

TDMA f FDMA S NOMA f
F1 IExxZi59EIEs 245 b

Fig.1 Orthogonal multiple access and non-orthogonal multiple access comparison
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Fig.2 Channel coding and decoding process
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Tab.1 Test contents of 5G key technologies
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Tab.2 Key technology test results
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KA R IR 5 B4y A 5 K - TR B WA A 3 o KR IR 0 A N
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fedy (D Rk PERe A0 X 2 L 86 X (ML LTE) ;(2) ATH
P RESE PN - j(‘m”‘ HEPERE Y AN % KRR TR T 345 5 (3) AT S A B A L rh 2%l g
" Tl 488 K 5 4L 0l 48 7 ok i R R 48.5%
" oy i (l)JFﬂtIJJ%ﬁLI:‘%%IJJ%% 1Ao dBJfJﬁﬂﬁ'aéLkHzFiﬂ“,i%%EEUF*()FD}\fﬁﬁ?
: . X AT R, CP-OFDM 6 N [ 6 dB; (2) A B 25 1/2 45 %5 i Z&
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UF-OFDM [t CP-OFDM 1 fE#F- 2 dB.,
F ST AT AR A5 R ¢ (1) 3 P B W (B 2R ] 35 15.1 Gb/s; B A2 i
T ey /aiJr‘mj‘i 23.1fb/s;(Z)Mh%zlm‘ﬁﬁfﬂﬂfﬁﬁ#ﬁﬁ 7.7/\Gb/usu,3l5‘mﬁﬁ‘j§
- Bl =R LUK 4.3 Gb/s; (3) 3 A B 28 iy W (L R A< 1 3K 11.4 Gb/s, P> Ao 45 1 0l ik
i T T 011 Gh/ss (4) % SMOLEE 49 F A3 A k7.2 Gb/s, JEBLEE 5.1 Gb/s; (5)
] AT 35S R OB A 4
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alone , SA)JE 5G W £ & 55 i W5 F 7y X070, e 3 s

MK R F , SA A& 5G AR By F U7 W, (5 7% 1& 3 Hi
W A5 5G B B VF 208 5 W 4 e T NSA BUELH &
T2 W 1] SA T, Sy M SRR LTE op fift % 38 3 23 2H 4%
LM (Evolved packet core, EPC)RYINRE . SAE N 5G M 45 5
LRy KTy ], HA O AR A T 2% 1) fE R U4k (Net-
work function virtualization, NFV ) 1 4% 4 & L /W 4% (Soft de-
fined network, SDN) 45 ¢ RS B A RCHE T 19 46 7236 P | A A0 38 A |, 3243k 25 1) 7 3080 i 4 A g
% M5 .

BEXEAZ 0 N, 5G HE 41 #8018 12 B R A R LN AR S AL R 2 5l ak 7E MT Net 56 50 % #5 ¢
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K3 NSA/SA%EH
Fig.3 NSA/SA architecture
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Tab.3 NSA core network test
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Tab.4 SA core network test
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1.3 S5GENME AN EHRE

B2 A H — 263 B e B R A S R R . R T 5G BT AR B R M A AG v HLTE 55 Y FL AR D
PRI 5G 35 3t 350 B 110 0 88 4 398 K, T B LA e 560 T 6 O =, /N SRl el B o o TS T T R e R A 4 A
Ko BN R NMBESGFERGRAT BN E 73T 3.5/4.9 GHz 535 LA KT [ 357 3K L 1Y 2.6 GHz AR
SR FEh R R BLE R S s o

3 4 S =RV S ‘_—I;\LIAE‘

WA, OF A AL S5 00 15 35 4 3.5 GHz/4.9 GHz Tab.5 Base station antenna configuration
W AT T B R DR e e e T REAEY
(Over the air, OTA) M iz 75 15 1@ B 1Y W5 % b % 35 64 192 200

3.5 GHz M Bt (1) B vl 'k BE 48 bR A7 5 . NSA / 49 64 192 Je B4R <200
SATAMMIALE R WL 6, 7THR. N 5GHRK Y 2.6 64  128/192 200
MK S5 R AXER H

F6 NSABEANWMIK (3% 3. 5GHz /4. 9GHz / 2. 6GHz)
Tab. 6 NSA access network tests(Frequency: 3.5 GHz /4.9 GHz /2. 6 GHz)

WRHNE IR 455
YrH 2R IRE , £ Rk, WGE
37 ST KT KA
i I hE BB A DN SIE I PN

WA M OTAM B I 5 1 5 R R 56 AT 3.5 GHZ Jeili K& A4S b 1) it | £
T 5 R O I TE A ) AR 1% EIRP, Pattern, EVM(64QAM , 256 QAM) , EIS %
2 FR G0 /N X LY 46 i T R 236 100 %6
NSASMg  Geit btk V-3 nt &t B IR 8 3 T 47 & ki 350 Mb/s 2247, P34 1
it 80 Mb/s 247

LR

F7 SAEANRMIK (30X 3.5 GHz)
Tab.7 SA access network tests(Frequency:3.5 GHz)

Wik o 28 Wik R
FH ATkt 1.14 Gb/s, it
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FLUh T fE . 5G FL Ul &k U T0%
SA AN < /N I P TR T SE 2/ A o ORI B S 5 R B
DR B PE L 147 48 36 0 3 P O B

(1)5G ZGe 20 W HE AL 58 1, B 732 78 i 30 8 W 2% o HEdE 40 72 N AMAHEAT T 5G Fk ik 5 %0 W 1%
FOE, O EEAR B4 T S Re A A MR Ty . o, 2.6 GHz M B 1% 5 0 2y e 00 35 ok %of o [0 % 3l
F18 ) 2% 5 385 2 38 4 A

(2)OTA M 7 278 5G NR W i B 22 P 58 @ o A6 BL Uk FE 3 3 v, O T A I 5 3 AN AN
SFEARVE R 1 B8 IE , I8 2 5 UE AT R R 2R W R A S A BRI AR A 1 B R . ik RS R TR A A
BT W LT R OT AR J7 v il Fc A7 280 b 2 07 78 B SE SR8 T (A 0, LT AT M

2 5G NRHJOTA MK H A K 7 £ oh X &KX p Rz A
T LTE,5G 725 M AR T W A& 4 T R IAE AL, i Massive MIMO £ K )12 Jl i 71 J0 4 K
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B TN . B RZ R/ B R 2 A $ A3 S Al 422 11 L xE D3R 43 5 ) R T O TA
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5G OTA MK £ Ry 3R L3 GG E 45 o X3 B S AR [a] |, A 78 46 A Ik | 37 1 22
SROFI B AR B AR S5 Ty T A AN [R] 4 2 B, 3R 8 DN 5 46 A 1) 5 M B2 22 1 A B X 3 b g M R AT XS L
8 MikHFRILE

Tab.8 Test scheme comparison table

»F LA bR P} b7 B4
e L e E Y TS QS A5 e
FAHE (B A In) R /A 804 0] RABUEE) LS LS LS
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er ration, ACLR)
15 2% W] 12 i & (Error vector magnitude, EVM) HEs) T SZ PR Al Sz
J5 ] & AL AHRCRAR i) RIS (HRLCRAR
E IRkl ER R K w5 Z3pi5 E3p4i
1 LR = BN 7N
PEAZHAFE ] i {8
& i £ 3t B i
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U SEHIN REE AR o R G ik B g 22 P R RE 0, I HR /N DT 3 AN B I K A e AR e . B
A7 B R R 8 37 I B B 5 AR S R L, e, A e 3 ol i BRSO 3 AN B e A 0 R A
{14 I
(2) 37 N3 - 3 S D K A D00 e R/ (T DIERE i R B e R PR R A (U
Gy I BB AORT B, BT A AR o TR O 37 R AR A A S I E AR A e B b, AL S
Al S o TR 22 0 L, X T A A 1) A9 48 ARt 2R A A 1] BB 15 B L 10K S B0 B RCR R AR
3) B4 I < B A6 S 0 1SR TR K U5 7 A Y SR AT 90 e g JBF T, s 1R B RN B
ﬂiETE%ﬁ?m o SRR G X A5 A A 1 B S D) AR A R 1) REORE R 2 1 A W RE R AR8 T Vi U 4 S 0
B S 4 s £ 00 4 A 3 0 AR e AT (P B B B B TR R 2 2 A B R A TR
WA, B4 G otk AT 2 P s
FEXF I8 T S MV AR Y e A, ol LUFR X 3 a7 b J0 325 B2 5 0T A7 1 5G AT, it , 76 3K
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2.2 Massive MIMO BIiUliX 77 =
kT B R R A O R P R T AR R Y D e v 3 e A R i, R R U DL
SRS DR AR AR AT I A . MIMO K2 69 1 BB I i U7 v 22 2547 IR R % (Reverberation chamber, RC) 48
5P 2L 1 (Radiated two-stage, RTS), Z 8 3k 1 A % (£ % 3k 1§ & % (Multi-probe anechoic chamber,
MPAC) J7#)0OTA J5 k41, 3 Rt Jy 2 63 He i 2 9 B .
x99 REFRMNKFE

Tab.9 Antenna active test method
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Wk

R

Mo 2 i A B A P R A R GE T ST R R AR A
B AN RE AR S R T 1 o
P A AT AR 1) M A 3 5 BT T Rt
RTS @A AE T AN KK RS {W'ﬁﬁfﬁriﬁcﬁ?%ﬁ?%}i(ﬂ"ﬁﬂ:?ﬁ?ﬂﬁﬂ’](ﬁﬁﬁfﬁ: PRK R IE 7 ELA5 9E 5
55 0 1 A TR R ) R B L TR A e R R B e K
A T b A S T A N AR, A (DS e 5 T AR e T P 1
Bk S 3D R BRI RGN N A%, AR R HE AR e v W T A T &

RC

MPAC

K MPAC 2 B9 KL R G 4 Fros 2 008 &R 58 th 2 08k A PG 28 38 R0 A28 04X
SELN . T ORIEDN BUAE TC S S HL TG (] 3 A BRI v BEAT 8 A I A D9 TR 4 SR SR A S A T i
AR o R IR R BN B A R T A P R ER b 2R SR T A A S A I D B AR AT R
5 1 3 R 8 B B A B B R 0 U A TR e (R 2 1k ) A2 47 B0 758 I 8 #f , AT A A ek ek A 00

P
et
UES Ttk R

P25 73 A

K4 MIMO REMIR R 4
Fig.4 MIMO antenna test system

g it MPAC 5 ¥k RERS SC B 5G K& R G OTA MR, 1M HLi% 7 2 HA 58 4l 45 1 7 B A 1
EAL A 412 2 E 5G DN B 3D A ) R 5 3 i AE A A BRI 2Bk LB S S
Ii] R 38 N4 Sk 5 00 0 B R A I R G % AR o DR R L A XA T i L

1b Ik 2 S I R A b ek



s P F.5GHFH BTN X IR E L P 983

3 RSk 5G iR A T i B Bk A

HEPEALAE 2018 4R 50 4 BT 2858 ML T 5G AN K5, FEA 58 L 1 2 vl Dy REMK , © 2k 1) 15035
TR, I RLRIAE 2019 4R TF )8 By A S AL R F A K . fEHEAT — B BE 5G I, 75 i i 25 PR

(1)5G e A7 22 2K I 452 A D3 ) Pk I = 22 K Dk Ry G 32 3 i85 A kAR 38 SR 1) SC B R R 4 Bl 4
ARAFGE Ty i W & AR 58 0 o B, 26 GHz #1139 GHz M Bk Ay 2 fe A v R ik F ) 4 ) 22 K
BB o AR AL AR R, HEAT AN 7 DN A, DR I 2 A SRR B Bk A

(2)5G I 1) ' RETE K & B b A < Aok 5G 46 B4 8 REAL AN A1 S AL I BE T, RERE 4% 75 L 115 b 52
PEA R AT W LAY 55 37 5, 52 T 28 P RE A ACR M. [N 78 5G az 4E By Be g Pl 3t 15 22 1) B e fk A
J e RS G4 | A BRI S RS I 25 D R TR BE AL A, AR A 12 A TR ORI £ R AR B 2 2
) — £ 18 4E I 55 vh o | AR REAL 5 78 52 T 32 2 R0 10 (] I 3k 3] [ A1 0 2 R AR i 3R

(3)5G ) 28 I 3452 A 577 ity 9 06 A« 30 Aok TR 246 0 4 S B B AR = B A Y PR 4 (Keey~
sigh) JEEAE (Spirent) , 2 8 5 il FL 2 2> 7l (RE.S)F T, w1 A Ml AT 2R T ZE M T3 [ 3k 11 98 0 v i (X A2
BEA A8 SR B 0 SR I 247 2 T 0 TR I 3 20 1 R 5 AR A5 T Ik S BRI A, R, O T AT s
Sl 2B W, 0 T PR FE K R 2% 4 4 R Jie T A IR EER A E 2L

4 H5RIE

R T A bR 5G R P IE SEAT A SR ST o A28 L 1 A ok RURRIE B A HILAL 1 4 1 AL
423 1) 5G BEARWE BRI B B LA K — 52 8 B 00l o vh gEAT T I e SR 2R BT, B wn b [5G
it HOU A, B A K B 1 F KO, B 1 R 8 1 A A

K HI'T Massive MIMO R H AN 5G Bl , AUAELRM F R A T840 W AE Il i #6455 05 ik 1
RAE T BUE o ARG AR K T R T AR AR R SR . ST, OTA WA 7 o A 2 3 L 38
1 B BE G S I b K O'T At 7 58 W7 LU 80000 o R 26 1) 1 RE 4 s o

[ B, 22 oK gt Bt il i B Be v, O TA WU 7 ¥ K TH AR Rl sttt o 76 003K 58 1 /9 5G & FH BT, 38
15 1 7% 7 LIz 8 s % iz 8 B B 1 0 ) A R T SRR TG R I (R AT Ml G L AR R R )
ZUiRe . H ah Ak BT R R AR T 1) R R AR e T SR R A A B A U 28 B I ARSI
K H FERIHHY 5G 45 MR AR 2R 2%

S E Xk

(1] IMT-2020(5GHfEREAL . 5G JE 55 5 oK R 5 [R] AL AT IMT-2020(5G) 2, 2014,
IMT-2020 (5G) promotion group. White paper on 5G vision and demand[R]. Beijing: IMT-2020(5G) SUMMIT , 2014.

(2] EOCE, XFiks . 2Bk 5G K ELRIR[T] M AF IS, 2019(5): 25-26,39.
Wu Wenxing, Liu Ruiting.Overview of global 5G development[J]. Digital Communication World, 2019(5): 25-26, 39.

(8] JA—5, Wh¥kpd, MIEM, % 50 AR WAE R L 5G r i R 35 SCHE H AR 058 (7], Bodls R 54 B, 2015, 30(4):
714-724.
Zhou Yiqing, Pan Zhengang, Zhai Guowei , et al. Standardization and key technologies for future fifth generation of mobile
communication systems [J].Journal of Data Acquisition and Processing , 2015, 30(4): 714-724.

[4] Li R, Zhao Z, Zhou X, et al. Intelligent 5G: When cellular networks meet artificial intelligence[J]. IEEE Wireless
communications, 2017, 24(5): 175-183.

(5]  Bwisk . 5G et A A PERT B fERE R B 2[T]. G m R AL, 2017(8): 82.
Liang Liwen.5G competition into the white-hot stage, who can break out?[J].Financial Technology Time, 2017(8): 82.

[6] AkyildizI F, Nie S, Lin S C, etal. 5G roadmap: 10 key enabling technologies[J]. Computer Networks, 2016, 106: 17-48.



984 R E B L Journal of Data Acquisition and Processing Vol. 34, No. 6, 2019

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

(28]

[29]

EPAS, Whilie, fEw i, S 5G SCHEHIR SRS A[T] AFREA, 2017,33(11): 112-122.

Wang Qingyang, Xie Peirong, Xiong Shangkun, et al. Key technology and standardization progress for 5G[J]. Telecommunica-
tions Science, 2017,33(11): 112-122.

Larsson E G, Edfors O, Tufvesson F, et al. Massive MIMO for next generation wireless systems[J]. IEEE Communications
Magazine, 2013, 52(2): 186-195.

Ngo H Q . Massive MIMO: Fundamentals and system designs[D].Swedish: Linképing University, 2015.

Swindlehurst A L, Ayanoglu E, Heydari P, et al. Millimeter-wave massive MIMO: the next wireless revolution? [J]. IEEE
Communications Magazine, 2014, 52(9): 56-62.

Bjornson E, Larsson E G, Debbah M. Massive MIMO for maximal spectral efficiency: How many users and pilots should be
allocated? [J]. IEEE Transactions on Wireless Communications, 2014, 2014(2): 1293-1308.

Gao X, Edfors O, Rusek F, et al. Massive MIMO performance evaluation based on measured propagation data[J]. IEEE
Transactions on Wireless Communications, 2015, 14(7): 3899-3911.

Cohen A, Heller J, Viterbi A. A new coding technique for asynchronous multiple access communication[J]. IEEE Transactions
on Communication Technology, 2003, 19(5): 849-855.

Dai X, Zhang Z, Bai B, et al. Pattern division multiple access: A new multiple access technology for 5G[J]. IEEE Wireless
Communications, 2018, 25(2): 54-60.

Fan B, Su X, Zeng J, et al. A unified framework of new multiple access for 5G systems [C]//World Conference on
Information Systems and Technologies. Madeira, Portugal: [s.n.], 2017: 1034-1038.

Yang M J, Hsieh H Y. Moving towards non-orthogonal multiple access in next-generation wireless access networks[C]// IEEE
International Conference on Communications. London, UK: [s.n.], 2015: 5633-5638.

Schaich F, Wild T. Waveform contenders for 5G-OFDM vs. FBMC vs. UFMC[C]// International Symposium on
Communications. Athens: [s.n.],2014: 457-460.

Schellmann M, Zhao Z, Hao L., et al. FBMC-based air interface for 5G mobile: Challenges and proposed solutions[C]//
International Conference on Cognitive Radio Oriented Wireless Networks & Communications. [S.1.]: [IEEE, 2014.

Nikopour H, Baligh H. Sparse code multiple access[C]// IEEE International Symposium on Personal Indoor & Mobile Radio
Communications. London, UK: IEEE, 2013: 332-336.

Wei Fan, Chen Wen. Low complexity iterative receiver design for sparse code multiple access[J]. IEEE Transactions on
Communications, 2017, 65(2): 621-634.

Chen Xiaoming, Zhang Shuai, Zhang Anxue. On MIMO-UFMC in the presence of phase noise and antenna mutual coupling[J].
Radio Science, 2017,52(11): 1386-1394.

Corre Y, Tenoux T, Stéphan J, et al. Analysis of outdoor propagation and multi-cell coverage from ray-based simulations in
sub-6GHz and mmwave bands[C]// European Conference on Antennas &. Propagation. Davos, Switzerland: IEEE, 2016: 1-5.
Imai T, Kitao K, Tran N, et al. Development of high frequency band over 6 GHz for 5G mobile communication systems[C]//
European Conference on Antennas &. Propagation. Lisbon, Portugal: IEEE,2015: 1-4.

Suyama S, Mashino J, Kishiyama Y, et al. 5G multi-antenna technology and experimental trials[C]// IEEE International
Conference on Communication Systems.Shenzhen, China: IEEE, 2016: 1-6.

Zhang Jianhua, Tang Pan, Tian Lei, et al. 6-100 GHz research progress and challenges from a channel perspective for fifth
generation (5G) and future wireless communication[J]. Sciece China Information Sciences, 2017, 60(8): 301.

Roh W, Seol J Y, Park J, et al. Millimeter-wave beamforming as an enabling technology for 5G cellular communications:
Theoretical feasibility and prototype results[J]. Communications Magazine IEEE, 2014, 52(2): 106-113.

Han Shuangfeng, Chihlin I, Xu Zhikun, et al. Large-scale antenna systems with hybrid analog and digital beamforming for
millimeter wave 5G[J]. IEEE Communications Magazine, 2015, 53(1): 186-194.

PRSP . Bl R 2R I R S HC R AT 5[ D). 94 22 9422 s 7 BHE K 2%, 2013.

Bai Xiaoping.Study of beamforming for base station antennas and its application[D].Xi'an: Xidian University, 2013.

Leung V C M, Zhang Haijun. Ultra-Dense networking architectures and technologies for 5G[J]. ZTE Communications, 2018,
16(2):5-6.



s P F.5GHFH BTN X IR E L P 985

[30] Chuang M C, Chen M C, Yeali S. Resource management issues in 5G ultra dense smallcell networks[C]// International
Conference on Information Networking. Cambodia, Cambodia, IEEE, 2015: 159-64.

(317 RAREL, WHH R, B 3. 5G % G2 20 19 1o 25 Z by K S BRT). s AR, 2016, 32(6): 36-43.
Zhang Jianmin, Xie Weiliang, Yang Fengyi. Architecture and solutions of 5G ultra dense network[J]. Telecommunications
Science, 2016, 32(6): 36-43.

[32] B, Fh— . XIRUFL . 5G M4 &5 Jr 5L (1], i EOBrE (5, 2018,20(10): 69.
Zhao Jing,Sun Y1, Liu Shufan.Research on 5G network deployment plan[J].China New Telecommunications, 2018,20(10): 69.

[33] AEWESE . 5G 2 A 4L 1% 16 265 50 by K S B AR (D). Bl A i 5, 2017(10):127.
Cui Xiaoliang. 5G ultra-dense networking network architecture and implementation path[J]. Digital Communication World, 2017
(10): 127.

[34] Hashemi S A, Condo C, Gross W J. A fast polar code list decoder architecture based on sphere decoding[J]. IEEE
Transactions on Circuits & Systems I Regular Papers, 2016, 63(12): 2368-2380.

[35] SeoJ, Lee J, Kim K. Decoding of polar code by using deep feed-forward neural networks[C]// 2018 International Conference
on Computing, Networking and Communications (ICNC). Maui, HI, USA: IEEE, 2018: 238-242.

[36] HH I . I 45 ) 5G N 1] % 2019 4F 58 s Ah 7 41 M B TiE [T, 28 3 {5, 2016,40(17): 82.
China United Telecommunications Co. Ltd. China United Telecommunications Co. Ltd has given a timetable for 5G to be
completed in 2019[J]. Mobile Communications, 2016,40(17): 82.

[37] #4T8, H  & HK-, A55G 100 2% 30 5 A sk 0 M it SR [T, rR (R R27 L 2018(6): 138-146.
Yang Xu, Xiao Ziyu, Shao Yongping, et al. Deployment mode selection and evolution strategy of 5G network[J] .
Telecommunications Science, 2018(6): 138-146.

[38] Blanco B, Fajardo J O, Giannoulakis I, et al. Technology pillars in the architecture of future 5G mobile networks: NFV, MEC
and SDN[J]. Computer Standards &. Interfaces, 2017, 54: 216-228.

[39] Rk . 5G 55 =K B LA, ik B U S5 R [T]. 38 {5 i 5, 2019(4): 34-35.
Cheng Linlin. The third phase of 5G test was completed and achieved the expected results[J]. Communications World, 2019(4):
34-35.

[40] L2 . Massive MIMO il itk Ji& S PEGE 20 #7 (7], 3 5 15, 2018(22): 33.
Jiang Xiaoyu. Massive MIMO test progress and performance analysis[J]. Communications World, 2018(22):33.

[41] GarciaFernandez M A, Sanchez-Herndndez D A. Challenges for effective and realistic 5G OTA testing[J]. Microwave
Journal, 2019, 62(2): 70-80.

[42] Zhang P, Yang X, Chen J, et al. A survey of testing for 5G: Solutions, opportunities, and challenges[J]. China
Communications, 2019, 16(1): 69-85.

[43] Shafi M, Molisch A F, Smith P J, et al. 5G: A tutorial overview of standards, trials, challenges, deployment and practice[J].
IEEE Journal on Selected Areas in Communications, 2017, 35(6): 1201-1221.

[44] JuB s, sk, R, S HET ATEY 5G FOR-BEFE s 14 S I[T]. F E B2 fF BR 2, 2018, 48(12): 1589-1602.
You Xiaohu, Zhang Chuan, Tan Xiaosi, et al. Al for 5G: Research directions and paradigms[J].Scientia Sinica(Informationis),

2018,48(12): 1589-1602.

fEH AN

Wi (19720) B iz,
A 0, W5 125G
B gl {5 & 5t i A5 M
BB 1 B 2%, E-mail :

zhangzz@cqupt.edu.cn.

£ (1995, %, A -1 HF
g8 A WSS 5 A« B A A
[EIRURZ v

RE(1994-), 5 5
Ao WF5E D5 1) < B% 2 A
IR SRR

(%4 TR 3% )



