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Latest progress on 3.5 GHz 5G NR trial

LIU Guangyi, WANG Qixing, LIU Jianjun, WANG Fei, ZHENG Yi
Department of Wireless and Device Technology, China Mobile Research Institute, Beijing 100053, China

Abstract: The 5™ generation mobile system (5G) was designed to fulfill the mobile market requirements for higher data
rate, lower latency and higher connection density beyond 2020. 3.5 GHz spectrum was a typical band for 5G deployment
and could be a global band for 5G development. The performance of 3.5 GHz 5G would be very meaningful as a refer-
ence for global operators. Based on the first release of 5G specification frozen in June 2018 by 3™ generation partner pro-
ject (3GPP), field trials of 5G network in typical urban area were conducted to validate the peak data rate, cell throughput
and latency of 5G network. The trial results show that 5G NR system can achieved 1 Gbit/s peak data rate and 4 ms la-
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tency of single direction.
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WX niE 5G By HEERE G A B . ALk, fE
IMT-2020 HEBEH IR ZE 5 RIT, [ A = KIsE 7%
GyTFUA T 5G AL .

AILa GO e RE, rdd 5G Tl Ik
uh RGBT RAL, Rl T ) 3.5 GHz () AT
¥ eRE R (SUL, supplementary uplink) 3475
HYEREVEAL, JETTRE 5G BESRENLINAMNA S8, )
5G ARG AR, ZH P e, &
PN AMEL w5 (1) BE AT SEBEAT T PR 40 AR 8 E

2 5G LIGHENIZIT

XY 5G FRESFENLI T, W RN A
155 L R BE AR S B R RBER 2 (R v A A o
21 5G EEHEERSH

TAESBL: 3 400~3 600 MHz, #4i7 %
=100 MHZ"?1,

B NATHER R R RS- 1E AT S
(CP-OFDM, cyclic prefix-orthogonal frequency di-
vision multiplexing); FAT#EH K H CP-OFDM F1E§
B B A5 745 OFDM  (DFT-S-OFDM, digital
Fourier transform spread orthogonal frequency divi-
sion multiplexing) ™ S HF N % il B YIHE AT IE

518 (PUSCH, physical uplink share channel) At &
WO SCRR I R T 0 CE By 3R AT e e
(PDCCH, physical downlink control channel) &7~
WA AT .

HEE 20t SCRF EATHERRAT AT HERS 1 1542
Z 4t (OFDMA, orthogonal frequency division mul-
tiple access)o

G EATHERR AN M ATHER B TR I
BIERIKAYS (LDPC, low density parity check code ),
EATHEBR R AT A BRG] Polar 5P,

W72 TATHEE SCFF QPSK (quadrature
phase shift keying). 16QAM (QAM, quadrature
amplitude modulation). 64QAM FI 256QAM; 1T

HE I S RF g —BPSK (BPSK, binary phase shift

keying), BPSK, QPSK, 16QAM #l 64QAM, #
WA H] 256QAM!,

MIMO (multiple input and multiple output):
AT P MIMO 3CFF 4 A~ MTHER MIMO )2,
AU 8 AN MTHEES MIMO 25 AT RERS . H
J*MIMO 3R 2 A EATHER MIMO 2, g U8

4 > EATHERR MIMO J2: MTHER 2 1T MIMO
X¥ES =16, FATHRERRZ ) MIMO SCHFIF)
JZH =8 SRR T SR R A 3L PDCCH 4 %
wog, WARSE A (SSB, system synchroniza-
tion/public broadcast channel block), 15 IE IR A&(F &
2% 155 (CSI-RS, channel status information ref-
erence signal), FIRE/NRFEIHE (RMSL re-
maining minimum system information) %; AR#E I
ITHEMARI 45 (SRS, sounding reference signal )
s AR Y, X UE M8 AT 5 D ok LU i

ik 100 MHz a7 e, M ATHERE I PE I &
70%, FATEER T URACE S 20%, DR TRIBE Ay
10%. IR ER . MTHERS 1.3 Gbit/s
(256 QAM, AT 4 MH AR 8 2 Gbit/s
(64 QAM, AT 8 Fffiift)s  LATHER 175 Mbit/s
(64 QAM, 2 ML) 5L 370 Mbit/s (64 QAM,
4 NEHRIRD . 2 P I/ DX AR A i SR A
AT KT 4 Gbit/s CKTF 16 MR, BT KT
700 Mbit/s CKT- 8 M. Z " MIMO AR
(KA 5G R AR AN o el (1 S ™), 5GRERL
W R 1 R

[ —— JE i) | ———— >

#0  #1 #2 #3  #4 #5 #6  #7 #8 #9

DL | DL | DL S (UL [ DL | DL | DL S | UL

i} fi—
(0.5 ms)

0|1(2]3|4|5]|6]|7|GP[GPGPIGP12]13

1 5GFERLIEE

MSERIR 2.5 ms AR5 A SCFF 2~4 55
GP IiL & (Bltn 4 NFFS GP); #0. #1. #2 IFBEE
2.5 ms 5% N AT ER. #3 IFBE 4 T-GP—_LAT
K& AT A B SSB {55 il LAZE#O #1
#2 Je#3 BTG #4 ISR 2 b EATINER, B
WU NS ] LLLE 4 I B AL
2.2 AHIEREANZIT R

ST IREBEREN LB RITIT &, B2 200 W s &% 55
THEF 100 MHz 5 58 B3R AN, ok ikl k A
T RFUBER L (BRI o

X 3.5 GHz Bl 5 Bk B0 K R T (12
sk, RN T 0.5 m? ISR, 2K IKE 7 ]
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BEoaim e, BLA 0.75 P By el B, 11
BB A S5 R 25, — IR TS FE AT DAA 1 192 ANFET,
REABET IR 7 17 96 A, @il 2 fiow, Kl “x”
TR A 2 DR TG

Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]x]x]=x
Xlx|x|xjx]jx]x]=x

K2 3.5 GHz FTRER A IR R R 2 ST RUR e 85041 =i

8 R MR BT 5 AR 2k B 2 A
H, TWEMNAA T RZH 0 (AAU, active antenna
unit) FTSC A (RF, radio frequency) 1HiE 4,
W E A A R e 1T 8. A E T AR
AR LA, R S 1 B0 R IR 2 IR,
200 4N 8 16 320, 644 1284

ZEA 25 FEAN TR R G I B0 B RE i xS LE, 64
T R 2R AE T e b HA R R e
T8 T 55 SIS AR IR RS, P LATE S5 SR s 8e
KK 64 HIE[ 3D-MIMO K%k,
2.3 CPRI/eCPRI HYi%#

XFFSCFF 100MHz 5 56, 64 33 K 2 b 1 (1)
3.5 GHz 3D-MIMO R4k, 1 1% & RF AR —
AN AAU, F525E L AAU MIKE 7 Ab 32 [H]
HHE L. %441 (CPRI, common public radio

interface) #%1, X 100 MHz 1 64 i1 K £ i
111 3.5 GHz AR UL, W25 FEAL41) CPRI #2111,
16 bit 54t 73X, CPRI ()32 1 25 ER I 259.5 Gbit/s,
T2 3 4R 100 Gbit/s IE4F, F5alext T C-RAN
(centralized radio access network) [£E 4L H 1
56 ROGCE I RE R R E AR BRI, S B e LA
SRR ER . R, BT H TR AR 1 e R
JRAS LA, B AR BT, PR
SO T7 %8, DL HESN 100 Gbit/s HGAR
B () J5 AN A R B

1) CPRI 4

CPRI 4575 %, i FRARCREE A AL L RE
BRI A TE, e 2.6:1 MESER, K]
PLFH—A~ 100 Gbit/s (ROGHEUH 2 BRI R, K
MR PR AR, RN CRBERE /D, 42 H B 8 FEAIR,
SRR INE> . HAT, 100 Gbit/s [ROGHIH
T 2020 AEHT AT LA, I HSAS o] BUKHRBE 1 B,
Wi A2 2020 4 5G 7 BB oK

2) AR AL T4 I ArifE (eCPRI, en-
hanced common public radio interface)

eCPRIFZ 7% ¥—aWH)Z (PHY J2)
Ui LR AAU 1, WIHE FATAUE S gnts f5 (141
W, 7E EATUE A AL (MIMO Ab3ED 22 J5 1
e, w3 Pras, NIRRT A& Al vE .

eCPRI W35l ERE v LA AN (15 X, il 3
JiiR, MEZELL R EE SE4k LR ) aeinT L BB 2
AAU, BEI#Z, % AAU k&K .

eCPRI A 1 25 Gbit/s #1155, AAU 5K
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i
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Digital BF. {SiEflivl/ 455 0h6e. -5l B3]
AAU, N T BN TIFE . ARFRIRm, ] RefRi i
DARRARAC IR 2R, dEIfi 2K 3D-MIMO ¥k fE.

eCPRI 52 2x25 Gbit/s 1% H, AAU =
BL5EHE digital BF [FZhfg, WHE A2 HPEHAH 2 T
T A MERR L AR, PERERGR T AVESIEL, Wk
WAL 34 (SRS 5, DMRS), VEfET B

X T eCPRI R T, BRI T H: 75811
Wl B, AR R T VR 2 IR ) R R, FF AR IS
A 7 o ARG I, BARDR .

O K AAU &, ARBURIDIFRE, B0 TR
S 2 R it 1 M S

@ PHERe LR, A TOMCE S DIFERTA
U, ATRETEALSVEMERE, b S Sl (1) B AR T B

@ V=R B, W AAU BEkEs, i
INAK R TR AE PIRERE, 703G I 2 E 47 A

@ Jeatr B, B R RE 70T Re A DU 2 Rk
WSEHE . HREARMYIEZ DR EER, kb
[HIIEE $a3E

FEN RIUBR L HEwli 1R J LT AIE, A HE LI
i ROT L ARTRAE, BEAH LB AAU (25K,
5G FENLI I LATRAE R 1 .

TDD % SEAT X AR 4, AT 2% i 42 7 55 7
ai P B AT AR S G

TR SUL 5N G PEREA — AN BRI T
A5 1.8 GHz (10 MHz) SUL HEAT T BB 1)
BT, PRI EAR BN 2 FToR, i B R
i mE 4 R,

*z2 AEIF R
25 UiE
Y 3D-Uma ISD 500m

REMAHE TR 36.873 FLEHM 2

F*1 5G #EHL B JLIRTHHE
JF 3R /m? it /kg
880 mmx*450 mmx140 mm 04 21 43

3 LiTHENE® (SUL)

T 5G HIMa s, %82 H T4k o i
Mk Z % 5G PR #AE 3 GHz UL b, T 78 %
Re Ktk 4G AR Z %, 4 THETF SGNR (15
S E SR, FElE RATHEBR M B SR E
3GPP 7E 5G FRUEH 5| N T —Fidi B AT 20k >k 1
s EATE R AR, BEDAEh s A B BATE AN
i, K SG B AT BERE DI B — AN ARSI,
TNATEERE AT AR R B A A B . XA, R R
A B Uf AL e, T LU T 5G R & HAT
B 0 E P RE .

TERS M (3.5 GHz BB ) & % M o 4%
Bl 5G RGN, WRBAAIE FAT AR M 55 2 IR
R e o 2 52 R ) L, R FH AR B 1Y) SUL W]
AU MR AR ) . K AR A AT R
(f 1.8 GHz ] 10 MHz) 5 —/~ BAT A 36 %2 BRI

N2 ! FTP Model 1 453 41K/A 0.5 MB, lambda= 6
RE T 10 MHz (50 PRB)
UE AL 25T CRS i1 0 ff) RSRP [
BN 3D-Uma ISD 500 m: 2 GHz
T 3D-Uma ISD 500 m: 100°
UE % 3 km/h
UE 4> #ii 4 TR36.873
UE RE&BLE 2 Rx 38 XAHAL (+90°/0°)
K T7 TDD
CQI [t 5 ms
SRS P & 2Tx, 10 ms J&3, Seas A7
S — HERR, B .
(R jé-m/ri;k 10, —A CSL %, 3)Z& SUMU-MIMO H
&R
T FATEHMEE 3 AN, 8 PRB 2 A CRS i1
Pl J% DMRS #5455 12 A~ RE
LE)E2CRTR AR PR RS, AR TTL AT AR BE 2 AN P
e 278
ﬁﬁg 1.5 GHz (4R, 23 dBm)
=g
%‘@ 3.5 GHz (64R, 23 dBm) 0.67 4.2y
WK
%ﬁ 3.5 GHz (64R, 26 dBm) 0.84 3.3x
A 0 05 10 15 20 25 30
(a) RFHE:  EATILG A P nli/(Mbits™)
gu E—
L@ !8CHZ(4R 23 dBm) 1.02
g
%;@ 3.5 GHz (64R, 23 dBm) 022 16
-
R
I ]
§$§( 3.5 GHz (64R, 26 dBm)| | 0.34 ax

0 02 04 06 08 10 12
(b) WFBEM: TG P AR/ (Mbits™)

4 FATIDG AR IR BN L

MK 4 B g BT LU S fER BT N
IR, 1.8 GHz fE3kul 4 KW G 23 dBm
RS (4R, 12dBm) EHL T, /DNXik
G Ak 2,78 Mbit/s; 1] 3.5 GHz {F 64 K2k
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E £ i s ES) vomins
K55G szi M4
RN 23 dBm RS IIE T (R FK 64R, 23 dBm), R
-2 = . S 2 T/
FATIA G EM =R 0.67 Mbit/s; TR _EAT RS h &R 10+ Gbit/s
#9026 dBm (ffjFK 64R, 26 dBm), NIFFIT: i A] T
BN 0.84 Mbit/s. IFLL 1.8 GHz i) SUL FIT 3.5 e
GHz, A[BGMIIAZ0E % 2.3~3.2 {5, X T a5 =
AT KU

IWEREE, 1.8 GHz 1) SUL (138250 2~3.6 5.
4 5G HMFHZLIE

H TR 5G RGH W . 7 5 T ReiAT
BRI UE, [ RIS, AR AR R R
HWT 5G AN, 6 g, 1%
DI AT B AR BRI IR, R LU AR, b
JRE . HEAS SR VISR A5 ] 5 s, AR
R 2yl ARSI FIRZ 0 M

I 5G WIS R R A% B S i N
WA NX ARk, 5N B A6 AR ) RN T
e RARRE R W R Re AR R . I, 7EARM7 5K
o, DN LR DU RBE M Refebr b AT TR
B AEMAA, BLE 70%MW I B H T R AT4%
B, TR IR TR A DR IS Bt IR B R AT AR St U
XTI 5256, FENLSZFE QPSK. 64QAM., 256QAM
E TN DS EZL I TR
4.1 B PIEEERZENR

FLFH P AR T AR B (Y — R e A, 0T
SPRMZEIFTE 2 KNS @S, L, AT 58
HIAR AR, ASCERE T A MATHUE 5o
(RSRP, reference signal received power) &% K[1
MR ST IR AR MRS, R W& 6 Fros,
LL T 100 MHz 7 % 1) 5G i1 10 MHz ¥ % (1] 4G FDD
(LTE FDD, long term evolution, fullduplex division)
()N AT AT AT AR A

800 Mbit/s

16JiF 8H 4HP
6 AT R AR I

42 IXIBEMEHELE

75 ] PRI R RS T, 58 T
Z RN S AR, RS R 7 R

MRS R0 LR H, MTIE E 16 MR 32 4
Bhu i al s T 10 Gbit/s [IEEER, 7 8 4
eI 2.5 Gbit/'s [/hX ks 1 _EAT 4 H
FU S BT BAT A O B AR R TR SRR PR, A R] S
IL 800 Mbit/s [ AT /X iR, (HTUH EAT 5]
SHMH P EEZ, AT e .

TN XA
>10 Gbit/s

TN R
2.5 Gbit/s

EAT/N X e
800 Mbit/s

1o/ 8 4P
K7 52 5G /N X AR AR i
5 4G &% 40 Mbit/s« 20 MHz [#J 3L /N X 45
AL, MR )E, SG ATRASEENEL 10 £%

PLER AT/ N s . Rk, 5 4G ML,
3D-MIMO A LLSZER 5G MIE AR T2 4G 1
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%3 ERBEWEMRER
1.8 GHz 3.5 GHz
47 . A FRHE 25 /1
“F4T RSRP/dBm AT i /(Mbits ™) “F4T RSRP/dBm FATZR I R/(Mbits )
i —95.69 15.96 -105.60 5.27 2.03
HEEN
—99.46 15.88 -106.17 3.87 3.1
-100.45 17.73 -108.67 2.15 7.26
-100.72 18.90 -109.62 1.75 9.8
TR PE = N -103.92 13.69 -108.97 1.65 7.31
-102.51 17.34 -108.41 1.44 11
-100.68 12.97 -106.97 3.74 2.47

3~5 {5 H AR, AL 3GPP [/ M REER
43 ENEBZBEN

KT 5G &Y, FAMENE G EAREE (021,
outdoor to indoor) FIPEREAEH I8, K4 80%k
G RATEZ N, LI S 43 18 2 Pk 45 A2
AN R T E N BT RL, AR R
FISIN T S AN E 35 = A IR, Rl e xf Lk T 1.8
GHz SUL #1{X 3.5 GHz NR [N [{jil g & 1k fig, L
PRIRASE R 3 .

AEMRRH, ARSCIERE T LL 5578 05 1) AT X
EEIR, BN A 1.8 GHZ/3.5 GHz 1) R T8
5 5 RSRP FIAH N [ _FAT A Sl s AE RS
MEERATLUE H, fE9978 a2 BN, 1.8 GHz SUL
ATLAA K 2 £i5 BB IK AT e Tt
44 9 /hXESBEMHRENIR

N T HE—L IR 5G SR ISR, A
X} 5G W 2% 3 S 75 i AT (10 A S R AT —
ANELMR . FARI IS R B 8~ 11 s
Horp B 8 FE 9 73l FAT B N AT 50% %k
ZAF RIS PR AR I A0 A NG SR T DL
B BIRX (400 m ublAIEED, 254 AR
AT 50% ]k 600 Mbit/s: N A0 R K,
B 5 BUKT 600 Mbit/s [ LLEIRTE ETF, B 22%
FFHE] 54%.

100% F =3 PDF
6| —CDF
80% [
60%
40% [
20% [
[ | | ==

(~,400)
P8 AT B A A/ (Mbits )

(400,600) (600,800) (800,1 000) (1 000,+w)

=1 PDF
100% | — cpF
80% [
60% [
40%

0 ) O

(—0,400)  (400,600) (600,800) (800,1 000) (1 000,+o0)
B9 FAT 50% Ak i 2P R 43 A7 /(Mbits ™)

Bl 10 AE 11 2300l FAT AR 5dB KR T
Je BT P e e 1R o A B o DU S mT A
FE i, - IIX (400 moSEAIEE), A AR
AT R KCER Sy AT LA F] 100 Mbit/s BA_E s Ingxt 2
I (RS LUK, ‘S BUIR T 100 Mbit/s (1 LA KR
T, 24% EFHR) 37%.

100% | | =3 PDF 100%
80% |
60% |
40% |
20% |
0
(—0,10) (10,50)  (50,100)  (100,200)  (200,+w0)
B 10 EATAS A AR R A /(Mbits ™)
100% | = PDF
o | — CDF
80% [
60% [
40%
20%
o | | 1
(—0,10) (10,50)  (50,100)  (100,200)  (200,+w)

B 11 AT 5dB MR TR K5 )0 25 M A/(Mbit-s )
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FH PV SE, 0 B CH 1 AR S R i 4, 2
5G WMEMEEFRIERZ —. MR,
ASCINS7 MR T B ) P B0 A B A5 A I TR) e X
NAETC S 1 FATEGE FAT 7 ), S Uk
JZ 2 80 )2 3 SDU A [ A 215 sty U i kR )2 2 3
JZ 3 SDU Hi A, e D A& i — AN I 2 43 4 i A
PRI ZED o WK, AR5y B A ALK /N FTP %4
oy dl, I IR A B o 4L 0 A i 4 Ay B
B, SRIGALE 1 s (KR a) & A 3E4T 73,

S92 45 B R, eMBB ML 4% I 7 I AE
I 7E 3.5~4 ms, 5G brifEn] LU AL 5 58 (1) 7% 3 58
N 3 56 R 025 RIS ZE /N T 4 ms [RZESK

5 ZRiE

HT 3GPP s B R ELAERE, AT 5G B
TR LR FENL B v . SUL 2 it 389 5 A 1 e 7
I, DAUIOH TER5 5 5G A5 RGcdlM . 7 i 55
PERERI SR, X 5G TAF RGeS A A
M 2R, SN AN o e ) AN SEBEAT
T AL WE R 27, 5GHBFER
GEnl LA L 3GPP & SIS 9 B8 5 96 i M 55 1 55
1 5G PEREFRFRFT R, Aok 5 4 LB G 2%
T J34h, SUL MK FDD Sl i) 8 4
R EAE SR, WAL AR T 3.5 GHz M
RIS B A5 P AT R, XRSK 5G
W 2% 3 T DA K I g b A5 A oK, TR S
B S8 I 5 BEHAT SO I 2 M S B, KB
SOMNECSE T PO o [R5 B8 SN 2345 PRk 55
[t 41 URLLC (ultra reliable and low latency
communication) BLACHIIR PS5V 55 T ok, T 2L
TN T 1) B 05 7 TE SRS, ORAIEAE [F]— R 2% 1 RE W
A2 P55 (R K
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