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Abstract: Mobile Internet and Internet of things (IoT) are two major driving forces for the future development of mobile
communications and will provide broad prospects for 5G. IoT expands the range of mobile communications services,
evolving from “Internet of people” to “Internet of everything”. 5G IoT scenarios include low-power massive-connections
and low-latency high-reliability. Low-power massive-connections scenario has the characteristics of small data packets,
low power consumption, mass connections. It not only requires the network to have the ability to support over a hundred
billion connections, but also ensures the terminal’s ultra-low power consumption and ultra-low cost. Low-latency
high-reliability scenario is primarily for applications, such as Internet of vehicle, autonomous driving, industrial control
and remote medical. Such applications requires extremely high requirements on latency and reliability. They require to
provide millisecond-level end-to-end latency and be close to 100% service reliability. Firstly, the technologies for
low-power massive-connections scenario were introduced, including LoRa (long range wide area network) and SigFox
operating on unlicensed spectrum and EC-GSM (extended coverage-GSM), LTE-M and NB-IoT (narrow band Internet of
things) operating on licensed spectrum. Then, an overview of service requirements and performance metrics for ultra-reliable
low latency communications was presented. Finally, the development of ITS (intelligent transport system) technologies for
both 3GPP V2X (vehicle-to-everything) and IEEE DSRC (dedicated short range communication) standards was described.
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X, B EAT T Z L SRk A2 b

BT s BRI () 2 Rl —LTE-M 5
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AL RE ) o LTE-M {578 it S ATy T H R
591 NB-IoT, {HHAEE(EHE AR B, EEGET)
Dy AEAEAR S, TG A N A S G =l oE
HRUUMABE T RGN ELbRiE, W7
ATLATE R E AN K R

LoRa # A H HIL LK, 18— Iiff v o 44
RO TT . LU LT YECM LK LPWAN
MR, HETCSLm I, R T Z M8
# 5] . LoRa ARG NB-IoT 5 LTE-M 144 £
T EH AN SRR, (2, SRR A
MR AT R ER 2T, T —4
ANH] 2R LPWAN AR . 4488, LoRa [FAIFfEt <
MG AR 2 Bk . LoRa ¥ A718 8 i 1S, A7
A7 AE S K99 % LoRa KM A BL, W AEArEAE
T3 B, R4 LoRa A B4t T4 68 ) o,
LoRaWAN iS04 & b A7 Bl ikt 0 () H5 it , (A4

AP HE DL 5E 4 3 A

MELARNEBEff EF, NB-IoT £l LoRa Wi %4
45« NB-ToT W44 0 T8 FH I 2%, 5 hruEAL I Bt
WG MR, LoRa M%7 T BUANAT
LW, Lol AME IR RS . Bk
Pt, LoRa /& NB-IoT HH J#h 7t

5 H AR, SigFox #l1 E R AR
e, SR T SigFox X HEAR AR RGN k421,
ZE|TREAPE T S RGN
Lora FARMIPRAR, [R]85 2K B D¢ 58 H AR btk
NB-IoT F1 LTE -M KI$kfik. HFT, SigFox MR I
AP IR LK o
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3.1 URLLC A & EKX

TV FZ BRI R 5G AR E & T 5837 5
PR EZ N 5.

XFT T I s By oh T B sh A i
Haht, M TGN 2SI 1S, 188HaHe,
I S5 40 T AR e 1) R SR B vy, 1 SRS 2 i 35
IS SR ] SEME I ER SA IAA 1ITEER T s+
AN FEIHT IEEE Arif 241, W IEEE 802.11 &4
Fr#E. Bluetooth R FFs#E. IEEE 802.15.4 R¥AxR
HESE

I B S 551 7T 37 35 19 o b — K8 Y 2 42 1k
W3 5e, RN son S K 4 Fis. 2015 4F
3 H,3GPP TSG SA 5 — TAEA R FF 4% v2X ok
F- I AR o H 3 BTN AR IR V2V V2P
A V2IN 3% 3 Z5EA5 K8 3 SCRTA ek,
V2V R4 S ; V2P (vehicle-to-pedestrian)
FOREHAA N L (AT NTFREZum. B AT
FZEF S S A% 5 RATHEE; V2UN
P AT T G B3 X 448 R AT 2 R i 10 B T/ I 45 1 3l
=, Hr, BRiAEIC (RSU, roadside unit) AT
ISR SR, AT DL LG R sl A UE 2878,

V2X k2543 b BEALHE 2 RN e AAH G
V2X kg5, RISCHE S CnfifEeE s . Bad
PREEAEY AR A oe VX kS, it 1A
G kb7 B 2B B 51 /3R R S V2X RSG5,
HaEEI T Bk PSS RS

bt 3T 3GPP ARtk R AR R e, 7
2016 4£ 12 /1, 3GPP TSG SA #5— T AT I EE %
5G V2X ME4SFFT I H A 5G eV2X 2 X T 5 KLt
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25 NI, 3GPP TS22.886! M4 (1 ) HEBL 25
W, B/ A ER . R AR IR g
V2X (Il 4 o) 15 RS gy .

1) HahHE\Z 3 (vehicle platooning): ZF4H5))
ASHEBAHTAT, P BAS e B 250 A SR AR B
K BAF ) f5 S A ] LUoE i X A 05 TR R
FRROEH R B RY, F5 4 b e r) 75 X
[F] 1) 270 BAA T 28t

2) ZEY ALK (extended sensor): fE4-.
RSU AT AN V2X Ik 55 % ) A% i A i Aot 55
SRR S, DAE T R0 e 8 1 Ao 3L i b 2R
S5 (R AR o e BB R S 2R 25 1) — A
FRHE

3) F/4eHBZE D (advanced driving): i IT
PR 2 N ZERRN/BE RSU [R) L 2% B AR IR 2 3R AT
TN H5CH TR AT R 280 R R 205 (1) 38 47 s 0 22 B
A

4) ZFEZ (remote driving): ICFEZ LY 51k
Wi V2xX N H AL TG H O R el A fE
W EAEE R T2y, flhn, ALz,
P T e A [ o vl 2 v R i R S AT
ANFEATTEIZ T o M 55 w5 n] FE P AR I ZE 2 3

5) FEATEK (general): FEATE RALFE 440 n]
PLAEANF] IR 3GPP L4 NBOR AL . 22 M 45 Y,
MYpst. B 5G e N T 4210 M5 e 4
AT

R4 SAT eV2X T A, TSG RAN CL4&# eV2X

RN 5G NR 7K I 5 N TR38.913.

5 LTE Release 14 V2X jifi /& 20~100 ms [¥]I5] 4E
TioRANA], 5G eV2X 77 ZI IE /b 3] 3~5 mso BRI
FEZ AN, 5 V2X ML, eV2X B LLR 4 U5 IR
H TR,

1) AJEEME: FERl V2X b 25 1 d K AT S 5 ok
& 80%~95% L4 FEVE. H T 3GPP Release 14
V2X 1Tt 2 IE AL R ORAUE AT SE P K o 6 T
5G eV2X, WEEMESE ] 90%~99.999%

2) B K/N:LTE V2X 328 K/NA 50~1 200 B
ISR, 1T eV2X F7 22 3CFF 50~6 500 B, Ml
L2 F] 12 000 B

3) HiR . RIEEE, V2X TR iR E
P L) 0.1 Gbit/s, eV2X 77 % )55 K B 5 )
ik 1 Gbit/s.

4) b V2X A5 R ES 100~320 m, eV2X
T A Y0 R 20 3CKF 1000 me
32 V2X

3GPP V2X trdEiilE 0 W AT 3 AN B

1) Briel

2015 £ 6 H—2016 £ 9 H, H RANI1 £FJF
Ja T X LTE-V2X k7R 2 TAE, ik SA1
TAEAL A, B e o T o LR H AR
T (V2V) TG AT AR UERE , 5885 1 LTE V2V
PRl e TAE. 2016 4F 9 H—2017 £ 3 A, 3GPP
5E/% LTE Release 14 V2X (L5 V2P fl V2I/N) 4=
BkRUE, WL LTE-V2X 45 s i sk o

V2V A HIBF AT LTE Release 12 Fll
Release 13 H[f] D2D i K. 4 7E D2D [Hnifitt
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FHAEILT PC5 3 116 D2D AR (IRl 447
I I v THURS Bl R B2 s B0 22 S A T I .
P ARGRAFE N 3 AT TH .

(D DMRS #43i1

h T R 2R v AL B I e 22 M g e CREX
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5.9 GHz 1 misiiB  7E)74 D2D DMRS & F
HHAT 78858, % V2V Fiiif) DMRS f55 %8 4
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LB R S R RT AT 5

@ SA FEL A TR 53 Be e o
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PERE, ARdERLE T B ICHR 2 EE e TR E
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B R AR BRI 4E o 5348, 3GPP bRt AN T
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HEAT AR %o

@ FIANH IR

V2V ity B SCFE 2 iRt AR 3
At 4.

Ao 3 mdkul s dihix i, 51648 LTE i
FE 25, ¢ E-UTRAN 78 w5 V0 [ N, 2
RRC_CONNECTED RZAT, i oy Bt A kA4
WK, O B4R AE BN AS 20 e B AL S S
ST ST AR IR, AT AT HEA 2R
PR T IR IR IS, 5 240 8] (1) 5 &A%
BT BOE LT Uu 200,

X 4 oG, 2R 4 40/UE
AT B b0 2 o T AR AT ek
WA R AR AL o 1 aF Akt BT V2 vk gy
FLA A APE RS A, UE mT DL ok W W 38E 5 47 %€ JF:
MR V22X JE I M 25 AR AR Al LR Rk T g kAR
I ZENG O, AR EEAT TR U5 IR T AP RE o 7R X
5B R, R IE UE B9 B S M 4 KLt 1
JA 54 B UE P61 e I MCS 3 [ R A
A K BT A 00 R s g 5 07 3o LR i r R
5 3E F T AS TR 5 98, 400 10 MHz 8% 20 MHz 45 5

M T2 UE [A@ i PCS B AT V2V 164,
AL R T LTE % A\ M 78 55 F1%A LTE
PN G 2 Mg Ol T $e AL st X 1
A, FEZAL A IS g 6 4 A B R 1
JE L, AT /D /R T P A R ) 1
oo ShSZRFRET Uu #2001 V2P A V2I/N 1L,
47 SC-PTM F MBSFN A% i 3 4 51 i 1 1 55 )
HILLAR RN E o 1548 o D) FE, fEAEHRi 4
FEAls b SCHEER 4y W W BB AL PR T R A . Utk
Gb, bRUEE SCHRR RN FE 2 AN 800k BT, b
W P AE AN B Un B0 aE s — 4
Bk Bt PCSAE, BOH AR 2 ANk Bl it
PCS WEATHAE.

2) Brix2

YR RT Sk 3GPP SA1 LAEHITE T X 5G
V2X M4SN R R TAE. Bk, M 2017
3 H—2018 £ 6 H, 3GPP RANI L35k LTE
Release 15 V2X FrefEfyifile TE, LHKETX
LTE-V 3GPP Release 14 friftidEAT 3455 LU AL 585
5G eV2X I 5t 5 7 kM. MC s R AR 5
Release 14 V2X HiAR G MFE%, WHEGIABIE S,
SCRF 64QAM =TI, SCRFARAE S SRR D I GBS

3) B3

7E 5G NR FrfEflE A, 3GPP AnifEZH 23t T
URIET 5G FRUEM) V2X BFFT TAE. M 2017 45 6 H
i, 3GPP RAN Fll RAN1 TAEJFUA4S 5G eV2X i E
INERATHA T S, Fr8i3) 2018 4F 6 H,
ZJa TFUREHT 5G eV2X (Release 16) brifEIH &
TAE. X+ NRV2X [f] 5G RAN #¢it, F5EEERERS
VX PRALIR S AE R eVaX $RALIRSS . R AL
SeiE Vax gy, NR V2X /54 LTE V2X [f)#h 7 5F
H3 4 5 LTE V2X 1 34k
3.3 DSRC

ERET 3GPP ARvER V2X B2 /T, iy b
TR B AR L H E ST IEEE FRdE
DSRC #r#fE R4, QFEEE . BRI HA Fringk.
5 [H 4% [{ ¥y 5L T DSRC AR BlE 7T AE K ITS

(intelligent transport system) Fr#fE, W% 2 fix.

M 2 ATLLAEH, 5 3GPP V2X ArUEATH], DSRC 1Y
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X Rel-14 b7, AR#% 3GPP TS36.101
H5T (KR Band47 SMH4Ax 34T B
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DL: 1805~1 880 MHz
BB 5 850~5 925 MHz Ei“dg 500~2 570 MH. X T Release 14 #5ifE,
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DL: 2 620~2 690 MHz
Band 8
UL: 880~915 MHz
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T 10 MHz % 20 MHz 1.4, 3. 5. 10+ 15 8% 20 JeMizz/(5iE 10 8% 20 JR#22/15 18
R o eNB: %k 43 dBm -
L% ‘ . : g
RF KIXTHF/EIRP % K 33 dBm EIRP UE: ik 23 5% 33 dBm 5 K 23 ©% 33 dBm
?2'(32%'8}23% 47: QPSK SC-FDMA, 16QAM
st QP’;QK_O%DM SC-FDMA, 64QAM SC-FDMA; QPSK SC-FDMA,
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52 subcarriers OFDMA, 64QAM OFDMA
T 21 BB, rate :% , % B Turbo 1) B Turbo 1)
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EFFWEFEANT Y. 4, FRIE T S0 B A
LT J MR 7R Yo 5 TAE RN HE B 2 e AC 18 AH ¢
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Y£24 LTE-V2X BEEEEAR MM E, JF il
fEMERER B AN . AT A A 1E 7T, -
WRZERI . SR ELENUN il N RS T
JERBEACIE LTE-V2X T &N R, f
VR4 TR KR K G R e
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