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5519 CONGESTION CONTROL FOR LTE-V2V
o ol=(Us) | 371 | &&el : Qualcomm Incorporated; |
i; Zelwis © 15585635 (2017.05.03.) |
=70HS 20180048572 (2018.02.15.)
Improvements may be made for the congestion control considering different technologies, types of
radio resources, and priorities of different packets. The apparatus may be a UE. The UE determines
ook an energy-based channel busy ratio (CBR) based on a number of probes on a set of radio resources
- having respective energy levels greater than an energy threshold. The UE performs congestion control
based on the energy-based CBR by adjusting at least one transmission parameter of one or more transmission
parameters or transmission power of the UE based on the energy-based CBR.
559 CONGESTION CONTROL FOR VEHICULAR-TO-ANYTHING SERVICES
o ol=(Us) | 371 | &&2l : Intel Corporation; |
i; 9IS 15754531 (2016.04.01.)]
SMHS 20180242190 (2018.08.23.)
Methods and apparatus for communicating in a wireless network supporting vehicle-to-anything (V2X)
communication including a terminal comprising: transceiver circuitry to communicate via uplink and
downlink radio interface with a radio access network of a wireless communication network and communicate
ook directly via sidelink radio interface with one or more out of a vehicle terminal and/or a roadside
- unit; and control circuitry coupled to the transceiver circuitry to determine one or more indicator
related to the apparatus and/or surrounding environment and control the transceiver circuitry to
control communication over the sidelink radio interface based on the determined one or more indicator
to control congestion on V2X spectrum resources.
() =] AFEA B AR

- A AR AARFAR Fte] B B3 glor], BE A5s} T gl A5st TR 1 it
S| 9he. SPAARFRE Adtslr] s A ofEl AL AR 1A e FAlo] TRsalof st
oA

A V2X 541 7]&2 [EEE 802.11p/WAVE <F 3GPP C-V2Xo] &AfstH, gHAaFagolA Q1= E 452

BAFsE7] S’ V2X A1) Tis AA|, A, AS TRlE gt 22AES Sl 9§31, vl 42
S o2 =7telA = SIS

= A0 2F ARl V2X HIES #4F & Alo] 7]ae AT Adsh] gt A 71E Sl

SRl V2X SAlollA A & 9= PDR B A A5 el it ZAlES 9714 0= sidd 4= Sl

wepA] FHe 233 Alo] 7[&2 V2X B4l 7I1eEA BE B 35 A5 X A 5 R, o

wopel| izt A4 FEdE GRS 4 e
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(4) T Fope] Huje] B3} B9

- V2X B4 dYAgFHS A Yshr] Yt dM7Ie2 A [EEE 802.11p/WAVES}F 3GPP Cellular
V2X(C-V2X)9] Bt 99 A

- FEETES A Hol] Yelixt= V2X FAlo] uie W A A =2 AREE 711 glojof of, o]E
A3l 5GelA= Mz2 NRNew Radio) 71HFe] C-V2X31 5G C-V2Xoj tigh B3 7k Folr, 2019W714]
5G C-V2X ZEFEQ] Release 16 7N $t28 o9, whha], 5G C-V2X7t AA| eHFoA 2851 22
20259 0|37t 2 Zo= o/fE.

— wfeba], A& level 371 AFESIE T 5G C-V2X EUE7] o= @A =0} Q= WAVERF C-V2X7}
FHAETRS e V2X TAle=E ARE A9 E3E 5G C-V2X =9 o]Fo WAVE 2 C-V2X&}
5G C-V2X7F A% HebHog 2a%E A9
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2+ =S (cooperative autonomous driving) 7|& Y g

- 258 2 3(conditional automation) oVg o= WS | oixl= AFEAt AFAS] Q14 9 Alof &
oftel V2X sAlS o83k A 7o) A, At ko] AF9] "a/do] diF.

- ERh AaFogAtel AR A FHE glold, goltt B) RhoEs W ARy AR HelA WS A
AR 4= Qe A AL

- webA, o9t B2 AIE SESIAL level 3 o] AFaFae S| floliMe, A Qlmeprt Q1A
FH S V2X FALE Bl ot Aol AT 4 Q= BMHE A7 88 A4 (cooperative
sensing) I} A5F 7hof] &7 o g V2X FAS Foll wikeh= @8 mHH|(cooperative maneuvering) ]|
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= Level 3 o] 27882 Adskr] Sflide Al oftiAu AAA 1A= 24 S-4lo] 7Fssfiof sh, o5
Q5] V2X EAl7|&o0] D4A,

2 M (cooperative maneuvering) 7HE ] [®42d MIA(cooperative sensing) 7HE ]

4G 5G
| >—
LTE 7|8k V2X LTE 7|8t enhanced V2X NR 7|2t enhanced V2X
C-ITS QHHA{H|A Advanced QtHAMH|A &AMEFH X & HEXETY MH[A
3GPP C-V2X(Release 14) 3GPP eV2X(Release 15) 3GPP 5G NR C-V2X(Release16)

C-ITS QtFMH|A
IEEE 802.11p/WAVE

HZES @ = ® >
2017.3 2018.6 2019.12

ME|AE O VX B4 71&= ARgE 2 9)S.

- T35k 20184 6o 3GPP 5G 7]&<] Relesase 159 LTE 7]5te] enhanced V2X(eV2X, Release 15) E0]
=0} C-ITS AH|Aet FEzEFR-S I3 V2X FAl 7[&=2 83t oAof 2.
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parameter &3} 7|& 7fdo] Q.
HReTAMHA s 24 9% A7 B AlEEelEe thaat 2ol 24 AS] AEAR A Bkl HrEx
Ui

C-V2X/eV2X9| E2AIT 45 24e Set 2348 AlEdolA
MAC AZofl 42| Sensing—based Semi—Persistent Scheduling®l] 2J3F 7l A&} AE AA-& B
9Iet ns-3 YES AlEolAd
G2 eTd AHIA(HEA, dEHrHR) Y S-8AIF %= 245171 91’ meroscopic traffic AlEEo]A
w2hA, V2X 2245 MACAIS, 181 FAET AHA A5 452 838z #4T & Ue
Alggeld EF ldo] dast
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DCC gael59] H7Fs flsf of2] A7t FaedolA At sls. MAC A% WES, application
2 facilities A5 WEZ 9 d12F quality HEHCSRZ BERT 4+ S
MAC % WEjo] 54 o) Ahgo] diet geke 23] Hrlale 119, application 3 faciles A% WEZ}L

DCC €atelge] v e Ay & dxsk=Alof it dd= d7ohe

npAEf O &, quality WIES2 DCC ¢arz]Foe] Hatof dnht el =gsh=x]ot A Ahgda 2ol drnht
2 2 5 Aol T & oFl Ee A HEH ¥Rk 1St Jla s vEhd.

2] MAC Al HIERS 718 240t B HUiotE R32 5k ¢b=. dii #IER] 15 749 tradeoff
Wz BAE.

g =0, MEHD A HEH o 2A] Hat CBRE 54 ¥ offl2 {2 =ofof SRR, 71E =9
A% 771 AN g RS o]%. wTTo] 4FHOE QIHolEsle] S84 olot sjul, 2AE
a4 B Aonid e 4o AAAE T 4 Yol

F71H o8 thg AFo2RH HAE p4lohe o] BEFAISHH, ol= Ado|E Ao oJs 2H. sig
application, = 2= 51 © 72je] Qli= 2Fe] AHo|E 2] whe} Ase] vh=Al Uehd o Q1= whehbA
e EPHOR BUsle] THE WEE 20| ER4

Application A% HEZ-2 £5] CAM (Cooperative Awareness Message) T+= BSM (Basic Safety Message)©ll
ofs) A%EE dole AT Tetslel Hol.

CAME 9A7ns HEsne, ohrjsoz +41e Aol Be A Al Sialsh A 913 Aol
Hak= oA Aol Zﬁuoﬂ WA 25t YAHEE S-S broadeast & 4 A=Al Hisf Fd= Lo,

ol A5 HIEZR: S v
Quality HIEE]2 o3 AIZF 744 B9 s Zko]] Tl el awareness level2 Ol4. o] HIEE2
application®] Q-FARES 1Eotal FAlof| tigt HAIE §Hgsh= o At
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N T

MAC layer metrics
Average channel busy ratio (CBR)

Frame collision rate
MAC layer delay

Reception rate
Packet inter-arrival time or update delay
Transmit rate

Application and facilities layer metric

End-to-end latency
Awareness quality

Position error
Quality metric

Convergence

(Max-min-)Fairness

Z0fZl AlZH ZHH oo M RE Aj2fo] W CBR
2 oae Ha

HAIX| 7 £41712] MAC AISOIM H&E0, =47]9

MAC A S0llM =413 U7EX] Hal= Azt

1 Lo Tt =E0|M FABE D7 5

SUS AAOZHE L2 AKE DjA|X| Ato]e] AZH

S AT Yol FoiT £ 7|3

Application & facility A|S0llA OAIX| HH2E =4l
TER|2] AlZ

OIAIX| 7} =4l 2|0 QUX|TE 2bFS| =41 gtx| 23t X2
o H|g

otx|ate = =43t ktEke| H& QX Hlo|Ee x| ¢

X|e| HF HA

H AR Z7HO| Fo{X|® 2t Xjzo| XQ Feto| EH
2 Lol 9XIE T7tx| 2l AlZH

OiFl AIZH 22 Lol M RE Aol AY AM A 7|3
0| AT 23t FAZ Zto] B|@ T= HE AlZH

YR am

r

[DCC M5 mEZ]
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(1) V2X YEH AEFA ] 7le 24 B 2AEH Ao A wEE =&

(H-O@ 7123 ¢ DCC H #424 Ao w&ig =&
]_

DCCe vt Ao = AAE & QIx[9h AHHAQl ofoltjol= YIEQ A 9] HE Aol A Ad &=
3 =

Slshy] Slsh A $5E SRekn AAHOR Y BEL AT A,

DCCE 18 13} Z=2 Cyber Physical System (CPS)22 & &= Ql=H], o714 Al mefrg 4482 544
Ad Ageje] sl 2 (feedback loop)E 7IREC R XA},

7 2pe] =214 252 Channel Busy Ratio (CBR)2F 22 HWE 2] (metric)& &3l Channel Load (CL)
FHE A& o=z ARt

ol

=2 E59] A mEEE 7[Rt =, Afo]H E59] Ao] Y1e|E2 Transmission rate, TX power, Modulation
scheme F+= 2|4 E50] WEH JFE nAl= A9 FA wiHsE 2ste] A Uk 710l
ofgt Ad 24 Alolgh

Measuring channel

Cyber Physical

Adjusting TX policies

[Cyber-Physical System=442| DOC!!]

(h-O-1. ¥4 o}t e

O
O

A $5He Aol 4G FO= QNEL A} B BE A 1R CBRE SR & e,
o A Fole FHY B 49 AF b 5L AF S0l oo WSl § RO AN 5 gle.
ufebdl, CBR} ¥19] A S DCCo] F08 WAl

8 el 7 S Aol et h2ns 9 Ae) o] At Tefsief 3 vk CBR AR
P2l oz sl stul, CBRE A5 917 AARES Ade] A Fo= ANHEAS s
EDE R

Wle] o, W Ale] $47|2 R SAE: 415 @e] Z7bEle] CBRE © 2 g BASH 1.
the J7e gl BYH tF AH EEE WA ARl 2UE BIZ T /i) CBR AR
~807 -95dBm CBRE AWISH] 91 71502 st ol 23t A7) el 4 N2} 300m o] he]
A T BEYY WG N0 TR,
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_Bi E|E| Il @%@m@g EIIE F £ . @] EI% %
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£ 60— = e e red B B 2
— ++ ndk P + i | o =)
% . ++++. ift | +¢+|ftf+iiw+ . + 150 @
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[Input T2bHE{of w2 CBRZL HH5H"]
CBR UM 4 e A ¥t ekl damow, cpr el 39 v A NS U,
wEhd, 3 el s SeliE WAl % CBRo| © A%

Ty o E2 A2 A Fah A 2 ARelA ol AAlskeT o &2 AEEE Ae w1
Z

sre A FatelAl WEE AXE 4 gloeiw ol CBR YAk Baeks 2] Wad

4 Appe] Spofl TR A} vlwi CBR ZSt vh$ RARE N0 €] 5%, A Wvh 18004 23002
R B, ST A= o T TN 14002 | YA T 45 et He
o1 A2l Welldl, A BE Aol /] AHSE WAL & %2

wfebd, CBRa} FHe] A 4= A $okg S4okn kS BRSOl AUFHS & 4 9.

(H-0-2. &9 djte

O

O

O

O
O

DCC ¢telzo] =8 ullyg] ® E]E1 et E= AL 2o 93k F= @49 F2 transmission
rate®] oJof| sfigstH, DCCell 2Jafl 7% transmission rate-> HA|Z] 252 EfAok= o 24 ARSEAY
HAZ] HE F719] ARter ARE 4 Sl

T WA= Fa% =2 ui7] ¥a= Tx powere]™, Tx power level®] Z2= Ad 0] 57t S8-2 AAAR.

12, of2gF Tx power 82 FoIf|A ARgSfiof of. & the] Aol ‘:}E Tx power® FA4lsk= 3%,
g Aol gt BHlE BAY 4 glom ARt sAY k= wAE '

Jejm, A9 Aol Ao 7ko] Wy & AR wekt g7 Aaselor & Hado] £,
]_

_CL

54% A A% 31222 HAsto] gdo] A|7HE BHeS gkl

=202

Transmission rate2 Fo]% 7]7F S<1

7, Tx power Alole 27HH22 4

ruE

g5 At TA ALY T AHES A
= &9 aHEE rx sensitivity2b HE 2D I B4](modulation and coding scheme)©] 9loH, A A=
< HAote AEE XA, 2= myYe] AF AlZH} SINR| FF2 .

C-V2X BEoA= Aol wet o] 7He] mhiEE 28 4 = Aofeh b DCCO &3 wefilEe=



2~ 0
T =

lo

| 7He] stetule] o] sAl 2

oo
d

(th-@ 7|29l DCC & ZAEH Ao sy =&

O
O

DCCell diste] FHASHA A7 AP o S5 Alo] 9l Arddeds 9t W2 ZrEZo] AR s.
F= 74 LAN 7]5be] [EEE 802.11pell et f4t7F Y=l o, #afe] ESTISH nl=r2] SAEA o2
DCC Z2EZ| oot ZFePt A4,

RE-EO] A= HAJA] Transmission rate @ Tx power 52| TEfHE ZHslof| FHS T Qlon H2
AFe 5 AE Hsl o9 Aol sietEE deohs Bl Altstde.

T4 LAN 7]8ke] IEEE 802.11poflA], tiEA Q] darelEo 2= ESTIONA 247t reactive dynamic DCC
v 2]=bat adaptive DCC ¢2]&¢l LIMERIC gare]&blo] 25t

AEY 7I5He] C-V2X9o| FEFoM= 2bg e F710l ot 42 Alofd o+ =5 DCC &are]sof digh
7Fsg T= TSR, A C R -8 FAREA o] de}E st E S0l tis BAISHA]

o
¥l Sl

XE

r}<>ll

bt

2, E=2r} tfeke] CREAT $+%1elA] [EEE 802.11p2] DCC ¥arej&-S C-V2X +xof 2kl Hagsio]
283} adaptive DCC ge]&e Aokt

((H)-@-1. Reactive Dynamic DCC €13

O

T
z
>,
=i

. Reactive &118]&2 4

A B= 549 HlolE(ookup table)ol] 27

Reactive Dynamic DCC ¢118|52 E30] 9] mfem|efo] oJ&s}
(om}x% oz CBR) /\].4&15].04 Eeﬂ 7FEO ;glxq 751461— %8171-_3_

=21 T 1— TBAE=
A3,
DCCe] A A ETSI B2 reactive dynamic 11252, 712402 RELAXED, ACTIVE ¥ RESTRICTIVE
k= 3714] state’} 9= state HAS 7|Hto g g

ol =

RELAXED “gejellAli= DCCF A F71v 28 =) AlbE 2] A5t ACTIVE “defellxle=
Z717} 24| A= ¥hd RESTRICTIVE AgjollA= Aojw 27 A

7} Apeiekt A Bsjoll et Azte] Holslel glor], A Halh B4 73 B9 ARk 29t
state T4 HTBRE stareiz AT A stateo| 4 HOJF W4 F7] Tz Mo chat Aofo] Tahe,

ACTIVE ol CBR¥} E F7] Atofoll AlZshd o2 el JHie 2o & 3w

RESTRICTIVE

[DCC State machine!']
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7}t state9f A TFE state=2 2] Fol7} 911, Hol= At stateof] it FAIZ T 2&0}7] w2l state MAIL]
Aol= AAR T oA ARSER] 2.

oA, CBR QAR Mool wret Akl Aol 2% %7] 1(1)©] AEle thaat Zo] AR 4 9l

¥

FReste.  if CBR(t') > CBRpesruicr. forallt’ € [t — A1)
racrive 2 if CBRgstrier. = CBR(#') > CBRacrve 2 forallt’ e [t — A, 1)
racrive 1 if CBRacrve 2 > CBR(#') > CBRacrve1 forallt’ € [t — A, 1)
FReLaxep Otherwise.

ro,
R
1,
:}1:‘
il

T
ol
o

1%— 1 A

A= S0f, B2 B AME-state= CBRO| HlF|oh= A% 142 AAsks DA 8 Ao o U=
Teiu BE A3 W] AHsE vl ko) g F719k A Ro} Alole] HHH PAS B F 41
QJo

AT

(W)-@-2. Adaptive DCC ¥18Z - LIMERIC
O LIMERICZ FH19] 7} z2golA ZPA o= ”o“EJL A G PEA. ARE oA A 2 UMX]

2715 r,(t)2a s, A7

o
Th g2l whet HjA|12] $7]18 249
ri(t+1) = (1 —a)r;(t) + B (CBRuget — CBR(r)) .

a2} p= A (stability) % A- 4 (adaptation speed)of] G = L2lE R EY. s= UE2E
7] 2|5 AZE dger2F B0l 3.

olo} THE T A4 AZE a7 AHEEE A, SUT Alo] SAS DA Yl du/d2 52 2ok

oAl CBRE A5t 283k LIMERIC AdlolH9] £8 UehRe KE At il $50]
I 14se CBRE cheh 2ol DU B 4 918,

%2 N
2
rﬁ
_19,
i

K
CBR(t)=d Y rj(0).

=1
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S8 oA 271 7,00 el $1 Ahe CBR() = dr, (6)2 RRSKE, 1, (1) = 1, (1) = 1, 7je], CBRE
steady state= TH

WP
(« +dKB) =

LIMERICS B3¢ WA102 A Age Sgetng Ase] miA) 271 5ae wAlA 7] 2 493,

KeJ o ARl 2k ol thet stability 272 T=EA7I= 212 o W 9] Adgof| 2lof 42l AjARy]

K7t A714] &7 AA inequality”t $5=A] i, LIMERICS ZF Gulo|EoflA g o] 2715 Agtslo]
HY/d-E& HASK= gain saturation features ARHESL

LIMERIC®] =& (convergence) & 57/ (fairness) &4 of=f 2] et glom, 180719 L& F F
Eof digh AZPE WA 715 vERdL

Aol oA 180719] kEw 4719 dEo® W™ 2 159 27] WA 7= 4200, 2, 7 9 10
messages/s= 24 H.

T 19 L 2t A3 9 A4 3719] 27] 24 150 4, B 271 27 BAA) 209 Bydos
e groz 2 Bk 4§29l LIMERIC Z@9)H CBR 279 345102 918} wAlz] 77]7} okt
D9z W 4 UL

LIMERIC

Transmit rate [Hz]

0 20 40 60 80 100

Number of iterations
[LIMERICS| 3 2 ZFAMI]
&712H Yullo]EE £1Rt LIMERIC €a18]59] 82 ot 2ol BAIE 4= . v, =1, + dg HAA]
7] r2F {7 2| & AT dR HEE LB 0] i Ad Jol2 Joletdl, CBR(t)E Ee = A
v 3
o

A wstz 7PgstE 9 Aelld A sk thedt o] AAE.
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K
CBR()=d ¥ ((1—a)ri(t — 1) + P(CBRusget — CBR(1 — 1))

1=l
= (1—a)CBR(t — 1) + dKB - CBR g — dKB -CBR(t — 1)
= (1 — « — dKB)CBR(t — 1) + dKB - CBRuget
= (1—a —dKp)*CBR(t — 2) + dKB - CBRyyge (1 — r — dKB) + 1)

1
= (1—a —dKp)'CBR(0) + dKp - CBRuger ¥ (1 — ot — dKBY
i=0

O z7] B3} ¢BR(0)9] 32 limCBR() 2

t— oo

]

AT 4= S 219 AoA [1—a—dKB< 1°]H limit7}
ZAgE & 5 9. kA LIMERIGE a+dKp < 2019 stabledh
O $ 279H, 1—a—dKB) CBR(0)S 0 o], WMz FELo oo} Zro] T,

1 dKp

lim CBR(1) = 0 + dKp - CBRgygeq — CBRW*W

=0 1—(1—a—dkKp)

O w2td LIMERICS CBR,,,,. * dKB/(a+dKB)2 $HIER 0<a+dK3<29 ZF7o] HQ
a=0.1,3=1/(150ms)°|1, d=1ms ¥ T K <2859 L] tiste] 42 1/(1+15/K)2 +H

ook ol

O LIMERIGZ CBRo| sk HAE 2351A] = HAA] 2718 245k 2t 28 Alo] datelgolzta

SF A 0]0
?—;]'-"I"/J]\E'.

(\H-@-3. DCC-enabled C-V2X

A4l

O wWbA, DCC-enabled C-V2XE 913t slo]Be|E HAAE ARIeIL VIESA AlgeolHE ARgsto] HES
A Fopp g2 EE A AU oA AeS B7Sw.

O & AT BHlA, duFAQl CVS(Cooperative Vehicle Safety) A|ZAHlofA 2] HIA[Z] HE-2 F2 HA[Z]
broadcast 7] r 9 broadcast MAIZ]9] #9] 42 F 712 mefn|ee] ofsf FE 4 SlS.

O olafat BAL Auke] B4 WSS ARkl A, = WAL A FolAy HAA A% 712 2oy

AL 5 Qs

O 18822, DCC-enabled C-V2X+= DSRC 7]8F9] transmission rate 12|52} transmission range control
daEES ARgote] AAE. AR T EAEES the Ew

— transmission rate control ¥11E]&
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100 ms, Newi<B

’“ x 100ms, B< N§q, < IT_B

= 100ms
m.ﬂ ITT
TT 100ms I

ITT

mbT1

v" Rate control &18]&S

le

A= 2}2F U‘E.J prox1m1ty°1 Ngra 5 76t 2 4 7] ITT(Inter Transmit

U VS A 91 Aomite Atk [T Azlol #1402 oAS 5 E3 VANETA £
Aole] 334 B4 o @S SRS AolnE DCCE A9 A% M 28 me 1] Hes
2o

— transmission range control ¥ilg]E :
Pk:+1 = Pk+77><(g(CBR)_Pk)

P CBR < Uy,
U...— CBR
g(CBR) = Py, + (W)X (Prax = Pain)s Unin = CBR < Upag
Pins U,.. < CBR.

v Transmission range control &12}&2 AFE0] A4 T4 F9E Alofslal g A& (CBR)Y 7|25l
WS w7l S 2l

v Range control ¥118& CBRE &4 Al W= TX powerd] mjEst= 7Hd <

9 2o A BES BAlEo 24 [Umnin Umax]®] HSlolA] CBRE A1g of7]4] ele] 2j
A P AR A R g Py AR ] AL

OHA
O oA At & 22|52 DSRC Sl 9fsf AAHN Bz, C-V2X HIEH A 25 & = $40

—

O 3GPP EFoAE FAIZQ Ao darelEE BAISH ATt CR(Channel-occupancy Ratio)of 719kt
o

O webr, adt darelss 3GPPoA Aljtet mef|ol HofA] 5212 4= =5 DCC-enabled C-V2XE A

O IEEE 802.11p2t D8] C-V2Xeli= 74 Ak ARt Fubes Uhs., wheba] 3GPPE thadt o] CBRY
CR& Aol

O CBR (Channel Busy Ratio) : S—RSSI gte| vlg] AAH AARRLE 26k d4a2 £ subchannel HlEZ
o, ol MIEE2 na 7IEo = nie} 1007]] ME Lelofx] A=, d o] 1A AeE S

O CR (Channel-occupancy Ratio) : AH Z|Q] nof| Al A= [n-a, n-1]ollA AE] AR subchannel 9]

% 29} [n, n + bloA ofl2FH subchannel®] & 42| ¥ [n-a, n + b] W] & subchannel & W=

Hor goJgh a B bi=a+ b+ 1 =1000, a >25009] Alghe Fr ZF 2Fe] ofsf fEA o2 A,
CRZ F417] 2ol ofsf B71=m 2d of-&of tigt A &S Alseh
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[DCC M7 ZollA2] CBRZ} CRI®']

CBR:2 UE®] proximityQl Nsra oA 012 k=0 £+5 FA5I=t AFS2 4 9=, 3GPP 2E2 vl2] 44d
CBR S7IRES 9418171 $1s) CBRE AMg8lo] Ny, & #95H1 CRE AR 01 7158 A,
ofef A2 UEZF A€ A= ol o188 & e 4 Abdell tigh oHA| #kel CRlimitE =E31H7] $1sh
ARE =229,

CB Rlim
o171 CBR=f(Ngra = 9 22| 45 Fs17] 91t uig g=pel™ CBRlimit= m12] 4478 CBR AARI.

DCC-enabled C-V2X+= 3GPPof|A] A2Jgt CBR¥ CRELE transmission rate@} range control &alg]E]
483jo] ABo)BS S

if : CBR > CBR then: CR,

lim’
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Hololy &5, 75k, B, yaw rate HOlAE 2}7} ajad 4= Qs

O wbA, o=t Tl Al 590 21 23 EH Hskae] W2 Ftole, S e % BSM(Basic Safety
Message) 7 €2 mrH P fit mrA|e] TTIE S7HA7IERE, BhE Aol sig miiA|e] 2 dHERE
ol g3t a 2Fe| ofs FrE dSsiE l oM FHEEE AT ¢ 5 U=
O "ol watzo)A 2fe|dshes b A S WSk ¢ A Feolls, 29 A T £k, 7HEE,
B, yaw rate?] HghEo] 7] whel, BSMIF @ vl wlAzlo] tieh HE F718 SV A7
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2 A 2ol TTLinite} P_initE A& 27| A4 k2 dubz ol gia]x]<]
A 27 9 Aoz HAAsH, TTLinit = 100ms, P_init = 23dB= AA.
@: Ok, AFFS

#Hego vehicle)o] 7] LRSS Fot], 245 wskg-L C-1TSe] 35
a5 AuIAS I8 BSMO] TTIoH PE 24 o) AHEH.

2 JeHskE-S A ol ol8olo]

A4l Hg o] w|A|Z] 9] TTI®H PE AT 4 = e 94, &5, 71&EL,

W, yaw rate 5o EAT:
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T AR APE AR A dEHskEo] 371 Aol ATTI 9 32 w9 #o= o,
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v EZH AEFd 2] &

, APE 50| Fto= sto] FHA Y HimwHE
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.
b
x0,
o

@: @A AHH ATTIF APE TTLinit¥ P_initoll 22 Bjai5=o] TTI} P

il

A%

oL

el

I~

o1y

.

©: @A Fi TTIeF P7F 236 7hFedt el Wl Sl A1E o
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(th-@ V2X AMH|A] QoSE °]-837F #AFER Alof

O F HA|, V2X YELY SHA o7& V2X AHIAE 95 QoSoll et A4 7|9 A4 AHS HAsh=
2AESRE Alof ®He.
owix | 55 7 s #7la e =3

S0 MH|A BSM 100ms~1s  ~ 1000m HEF7I2 He| =2 E
DX2EHX| AME|A  SPaT, MAP  100ms~1s  ~ 1000m M =7|9F He| =3 22g

MY MH|A ]| 3ms~ =27 #He| HEFT|et Hel =3 2R

g8 HwH g My 0| 10ms~ =5 A dl M&E=7|9 H2| =8 Ta
LDM AH| 0 100ms~  ~1000m ®& F7|9 72| =H £¥

[Mu|A & MEFT| 2 ME7H2(]

O 9] H= V2X 34 Afujae] ofE HE F7]9h Ag #9] it A€ Kol C-ITSeE Ake5332 <9It V2X
AH|IAE QJ5f A2 oFE HAIR]7F Qs ZF wAR]7} AEElojop & X4 7ot A AE A2k ul¢
ol & & =

O oepA, g Fsprt dhetet Adefoleleti, ZF V2X AH|A9] QoSell whet ME79t ME=2S ApdE o s
7t B AR A 9L

O A= FY 2| PAH| 204 AL8ok= SPaT(Signal Phase and Time)2F MAP(Map Data) WA Z]2] 7-9-0ll+=,
RSUCIA HIANRIE 2FgFEolAl B2 A" oh= HARZ, Ad Foprt el Aoyt AE Helet 3715
HEA D 4= gls AHIA4,

O &3 A&F8S 13 LDM(Local Dynamic Map) AJH| 2o thet HIA|Z] ZE8h= Z18) Folm, L 2A4fo]
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Algorithm 1 DRL-Based DCC Algorithm

Initialize replay memory & to capacity N
Initialize Q-function with random weights 6
Initialize target O-function with the same weights: 6 = 6
for episode = I, M do
for time step = 1, T do
With probability select a, random action
Otherwise select a, = argmax,Q(s;.a:f)
Execute action a, in simulator
Observe reward r, and next state s,
Store the experience (s;.a,.7;.5;+1) In &
Sample random minibaich of experiences from &
Sety; =r; +ymax“-Q(s’,a’:9_)
Perform optimization and update #
Update target network Q with # = 6 every C steps
end for
end for
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Parameter Value
Message size 300 Byte
MCS index 6
Bandwidth 10 MHz
Tx power 23 dBm
Tx rate (default) 0.1 sec
Antenna gain (G,) 3 dB
Noise figure 9 dB
Sensing power threshold -94 dBm
Target CBR (w'®) 0.65
Propagation model Winner+ Bl
Shadowing Variam_::e WIH
Decorrel. distance 25m
Average vehicle density (p) [300, 500] veh/km
Mean speed of vehicles 50 km/h
Standard deviation of speed of vehicles 3 km/h

[AlZ2fo]d oi2folE ]

- CBR vs Time 23} BA

0.8 r i T
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=
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06 r T
05r T
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v CBR2 DCC7F 288 AlFH B4 gtos e Aljhd daglsolM CBRE p = 3009] 735 0.65%,
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| CBR measured | CR limit |

CBR < 0.650 no limit
0.650 < CBR < 0.675 1.6e-3
0.675 < CBR < 0.700 1.5e-3
0.700 < CBR < 0.725 1.4e-3
0.725 < CBR < 0.750 1.3e-3
0.750 < CBR < 0.800 1.2e-3
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0.850 < CBR < 0.875 0.9e-3
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| Parameter Value
Message size 300 Byte
MCS index 6
Bandwidth 10 MHz
Tx power 23 dBm
Tx rate (default) 0.1 sec
Antenna gain (G,) 3 dB
Noise figure 9 dB
Sensing power threshold -94 dBm
Target CBR (w'®) 0.65
Propagation model Winner+ Bl
Variance 3dB

Shadowing

Decorrel. distance 25m

Average vehicle density (p)

[300, 500] veh/km

Mean speed of vehicles

50 km/h

Standard deviation of speed of vehicles
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v Agdeld At #AI7]-5417] A” Do ©E SLTE HolE.
v ARH 7le2 Bkt O T A%l tisiA] 71E 17l EEEET BuAoR B w2 SLT A5 Hols
v 0 =300 % p = 500004, Alote =FAle] it STLL szl &gt EE} 7} 0.022 2 0.075 kbyte/s ©
=
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(2) C-V2X Cross—layer (PHY/MAC) AlEdolg 7|

7h =4 V2V Ad 2d 9 3GPP C-V2X/eV2X PHY&MAC EF XAt

h-© TH V2V Hd g

O 4 SHoIAE VaX BA12) 4417] T 447} S A} FAe F ARk e o] gl
ofel] I&xt o] FAl7]eh £2417] il AelEoe] $h= LOS(line of sight) AR} 5417191 4241 7|71 ZofEo]
2= NLOS(non line of sight) =7} ZAste] 2

Building Building Building

IIIIlIIIIL — IIIIIIIII

[=Alofl A2 LOS2F NLOS &+ ]

O <ot 22 Ad 2o A3t A= &4 mddof tiet S78x ey dtso] wo| a8=9l.om, 3GPPof|l A=
WINNER-II 282 o]-8sto] C-V2Xof tfgh A5 4=a8%. WINNER-II X2 WINNER (Wireless World
Initiative New Radio) Z2HE0] o) 7jHtE A24A »nElg2 iy 2~6 GHz Fak oA ¥4 1km
o[ste] uto]a = Al LAl Hupeof tisf 3% S0l ot SAE 7IHte = o

O WINNER-II ®&oflA= LOSeF NLOS g3 wet & &4 Rdo] the7 A-85m, LOS egM=
EA719} 41710] 8 0] (effective height)ol] 2Ja A= break point d ppS FAO0E A2 ThE 7127],
S M2 OE 2 &4 A4 42 2= R &4 2E3 AREE WINNER-IT &4 LOS2F NLOS
Z70| wet Hene Az &4 rde ofeal e

22.7log;o(d)+27.0+ 20log,, (f.), d<d pp

PLyos(dB) =1 40.0log,, (d) + 7.56 — 1731085 (1 1)
—17.3logo (W ys) +2.7l0g, o (f.),  d=d pp

PLy;0s(dB) = (44.9—6.55l0og,, (hys))log;o(d)+ 5.83log,, (hye) +18.38 4+ 23logy, (f,)

O thEtoR, Az £ PLAB)E A= Hol3S Tefsiol the 4417t 2o] B AR £40] e Hold
As X7t Hald A4,

PL(dB) = PL(dB)+ X,

_62_



O oM, Bt = SAPL(dB)E B30l Wt PL; s (dB) = PLy;os(dB)7} =3, X, G LOS 2704
TEWAE 83 NLOS 2|4 4dBO] B HAj] ofsf] AAER= e mlold a7hs VEhfi:=

(7D-@ 3GPP C-V2X/eV2X PHY BFE XA}

O 3GPP Release 14 C-V2X 7l&

- ZAA 800 7i o9l ofF Al AFdAk= 3GPP EEt S8t = YIERITE A5ote] 2= e -84
TR FAE 28 4 Stk 2017 | 6 ¥, 3GPP= EE FA 1494 C-V2X (Cellular
Vehicle—to—Everything) 7]&-& $H43it}. LTES 7|4l Sh= o] g 7|48 2] obd W AR MuAs
A5t s ARl St 0 AS S0l1l P2 Hop W21 g8& o8 486k= C-ITS (Cooperative
Intelligent Transport System)®] 7H¥-S 7}FssHA .

- 2017 {6 ¥, 2HY A9 T Q1 3GPP= AR} 2 Qlief 7ho] FAlo] rhsolhs £
AA9] 7|e-& BFFACE C-V2X (Cellular Vehicle—to—Everything) =2 &2f7 o] 7|42 th2-2 5ol ¢
FEAI71LL %1143& e e A9 5 Sl

v oHHskY olm] &+ F LTE YEYAS] Zdzol Hel g
v & g adn ?WOM o FYAQl AATE FAS P—Wﬂ o

v A e Qluet 7ho) wAe] 3 gAY AE A
- C-V2XE SAte] AJAE Hiojd Z27o] digt AXTE AHE Alggho 2 22k the AlAe) shA okdS
Aok 4 Sl C-V2X A|Alof|A] 783 o H= elo]H, 2toly] B 231} A|AFof|A] FHAsh= HlolHE
Helsto] SR} At Apde ok 7%61011*1 HEOw FAGIL T Y HxL Al AT 4+ ==
Lok, 2Fge] 2HE HF{HE C-V2XE &0 74l dlolee}t 2T 72tz 44 o JHE Agtsto
L= BT E41E AT 5 ‘21%. F3F 3D 9 HDA|ZoA 2] 91215 Yel= GNSS AlAgE
AZE YEYIE Soff AATte =2 YuolE & 5= Sl Bgle] zelstar /AR AA ol g5 HAit 7]

A5 FIAOE O LA A L AA SES BT B AR IAL S7RP B A,

2

O C-V2X9] &8 =&

- 4G 73] 1 71491 C-V2XE QEPAOR 802.11pR eH Wi-Fi WES so 2ak ofdY] 48
A 17 it wlasiel o PGIR 7S AU 4 9lek C-VIKE F 7B ek s RES Agate]
g che 9 QK1 J15 e A9 F W) BEE et 2

v" Direct Communications: 2FF (V2V), 2Fgat Qlza} (V2I), 2t 2PdA 9 234zt (V2P)e} 22 7|et

T2 AR} 7He] A B4 HEgl o] il C-V2XE 59GHz Fuk4 diejold 253t s tige

g e Sl =AR e R AL 2918 o]F= ITS (R6@ 2% Al2H) tga oneh o] REojA
C-V2XE AlZg YEQIS} Eejboa =3}

. A /11]74] ABL TS 5. 9GHz AHE Eﬂgqg Hr 2 AAsle] 7L uh] ok AL Znkie xlaslo]

o = AR C-V2Xe A& HEYLY dgle] =

743101]*1 X—I@ %}3 EH7] *]Z_ AE= AL 4 s 802.11pet 7 EA] = C-V2XE GNSS (Global

Navigation Satellite System)E AHg5te] x1Fe] Q2|5 Aot 2pef 7F 2 =2 Qlmateto] FAlS

5719k

+ o] RESIAL Aol A5 VEYIS] 97T Bast glone SIM st Baskd e, A o
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B4 98] Age 71¢jo] BashA] gronE Ak LA PO R A,
59GHz W9 HellA Az kg Aide ARgste] ITS AFERY 32 4 &
e 59GHz oA = 10MHz] AHES 7|2 obd Au|AS 2Uste™ 7T0MHz7 E Q5hH 2=ke
A=z 245 o] dold 3-fet 22 g o AHIAE 29T 4 e
v Network Communications: C-V2X7} 2fgo] s X9 r g Afet 9l w% HAHE $£AGE ¢+ Qs
7] 91l 71290] mHt YIEYIES ARRSHE YEY D BARTY o] B4 C-V2Xe A7) A4S
AEst7] flsl olF T4 ARAAIA 2teldlart Fof B AEERA ARk
o C-V2XE E3HARS gloAlA AEe] AHEZS B A9E= V2N (Vehicle—to-Network) o= a7
T AS 2 9l o] REL ok T v A % AH|A] it EYD A9S ATk mupel
2971e] o7t Faotn] SEE 79 diolH T JHo| gt ANAE AlFohs dl AHE 4 Sk
+ Ol BES O C-V2Xes Bubd YIER S EﬂOIEi Hob 9 ol AR BE J)5S B8 5 9
A

C-V2Xe} 802.11p

o

[

« VEYD oA AFE A L dole] B4 MESHe o AL Fa) A7l0] Fad
AL 4 9.

¢ CvaXE W] M TRt mjefel g 4 QIS ApIEIglon] 05o] ARg Afelst el
Abg AR B 4G 9 5G Age HEAASH TBHM Y A5t 45 2§ 7Hssiot @

¢ C-V2XE Aol AAe] Slaf £ § A, el A0 @2 A% &4 (CAD)T e,
274 U 26 T 59 AT 204 BE AAH (ADAYS AT AH

i

]/\

L
A
Al Road traffic authority

H@! OEM / @ Municipality

LTE-Uu eNodeB ? Vg =W REGRAES
VRU P e
| \ = z -

----ﬂ-m---‘-n----_ﬂ--——---a- - ——

[C-V2X 2| 7K 2=: PC5 mode for Direct communications and LTE-Uu mode for Network communications]
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[Z345%]: TR 22.885]

Parameters Minimum radio
Effective

Absolute Relative Maximum
speed of speed tolerable
a UE between 2 UEs latency

layer message
reception
reliabili

distance

Scenarios

#1 suburban 200m 50km/h 100km/h 100ms 90%
#2 freeway 320m 160km/h 280km/h 100ms 80%
#3 Autobahn 320m 280km/h 280km/h 100ms 80%
#4 NLOS/urban 150m 50km/h 100km/h 100ms 90%
#5 urban
riarsaction 50m 50km/h 100km/h 100ms 95%
#6 campus/
shopping area 50m 30km/h 30km/h 100ms 90%
#7 Imminent 20m g0okm/h 160km/h 20ms 95%

crash

O C-V2X9 8 =945 &4
- C-V2Xe 2 RES} i £ o5 dA|AF ARESEH 10MHz W 20MHz Al'de Ade 24 e
AB =z}l Y &5 (RB) ¥ AB Adz F2Hoh AH 22 AF AZE 7+ (TTDH 2] 1ms
Aol
- RB= ARSARIA &3 2 e 7FY 2R Fak 2R 9919, Tl 180kHzA(15kHz9 12 71 Fakga)),
- C-V2X&= AE S 5Ye AE mdofA] RB 1702 Aoty AHE zjdd RBO| 4= Eetd 4=
U AE AL Ho[HE HEotal FHE Alojsh= H ARSE.
- HlojHe 284 AolE 3 3F A (PSSCH< 5o 26 &5 (TB)L= =™ SCI (Sidelink Control
Information) WA|Z]&= PSCCH (Physical Sidelink Control Channel)E 5dll 4.
- TB= HIZ = d5 A HAA|eL 2ol HE E HA| wjzle zolsith TBE A&t e kv A
SCIE ZFafopstHolE AAIEY A7goletalkqt
- SCh= TBE #oh=d| AREl= MCS (modulation and coding scheme), Z1710] AF85H= RB, & semipersistent
271EY (SPS)=9IsH ZHY olof A e AR E 233t o] AR tfE LTyt Af ° TBE FAlst
g3y & 4 ESote o F85tEE SCIE 2HIEA] 4lsfoF gt
- TBe} ¥4 SCle 3 54t AE mef|loA AEEoloF g
- g gy
v Q1 PSCCH + PSSCH :
o SCI ¥ TB&= 13 RBoA] AgHet ZH2ke] SCI + TB Aol tiall, SCli= Agoll o]-& H A 1 AE2
Adel A 2 7he] RBE AL
* TB= SClof| w2} RBejA] 255 F7]of whet ofe] AH Ada 22 4= ot 1Z8AISH v 514
el Ag F RBx 223
v QlYokA] %2 PSCCH + PSSCH
« RBe &= WUyt it && SC ¥ AFshe o A= SCle F 719 RBE ZFAI9h

Ol
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« T dl) E2 TB U A4S ofefslo} glom] A AU .
Adjacent Nonadjacent
PSCCH + PSSCH Scheme PSCCH + PSSCH Scheme
[l SC! Only (PSCCH)
[] SCl or TB (PSCCH or PSSCH)
[C] TB Only (PSSCH)
g [ SCI Transmission
L)
=3 ¥ 2 RBs [ TB Transmission
,_% I nRBs Subchannel 1 RBs
[ (Subchannel)

L d
Subframe (1 ms) T

(2712 #Ad 7+ W]

O C-V2X9] 71«4 AH

- C-V2X+= ot 3ofl ofH ZAF 802.11p 7[5t dicte] HIsh of2] 7H2] 7|2 o|fo] A& ol o=
A AHESPH HA dlitat AR Adgo] AA FFE T 802.11pl Hls MY, =E0 (k) B o]
Hold.

- C-V2XE ¢ &2 AHEY a2 Algsiie Foidl AHE-N o W k& ARAA AR|IAE

e TR C-V2Xes i)l 7leith ¥ B2 k=2 ARARIA o w2 49 e Aled

Hep FlsHlE A o] A3 SAllRt oEske dA HEYZTT 2 4 Sl

- ZREE QHIIER Q5| S7lotd BlagAolth. AA = 5 FY. T=u Akge] Gl 24

Qe Al2Eo] Qb= 8% 4\’% T2 5 4 Qhg. C-V2XE Bhet A3 SAEE ofuet 802.11pk ot

Eo oo Heke AlEeh BE AF HE BERd ARIRRE HEHFE U B Edfige Hovh PKI

(Public Key Infrastructure) ¢98} AH| A7} F27HE S

Xﬂ% -

St
=
2_
PIS=1

T2 C-v2X: pch 802.11p c-v2x: pc5 Ad

Spectral Efficiency. Synchronization
Synchronization Synchronous Asynchronous enables time division multiplexing (TDM)
and lowers channel access overhead.

FDM and Time Frequency Division Multiplexing al lows for
Resource o
. . Division larger |ink budget and therefore
Multiplexing . . TDM Only .
. Multiplexing (TDM) longer range — or more reliable performance
Across Vehicles .
Possible at the same range
Coding gain from turbo codes leads to longer
Channel Coding Turbo Convolutional range — or more reliable performance at the

same range
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Hybrid Automatic

Leads to longer range — or more reliable

Retransmission Repeat Request No HARQ erformance at the same rance
(HARDQ) P g

Allows for more transmit power with the same
Waveform SC-FDM OFDM power amplyf|er. Leads to longer range - or

more reliable performance at the same

range
Semi-persistent Carf'er Sense Optimizes resource selection with selection
o Multiple Access . ) .

Resource transmission with Collision of close to 'best resource with no
Selection with relative . contention overheads. By contrast 802.11p

Avoidance . « »

energy-based (CSMA protocol selects the first “good enough
selection. —CA) resource and requires contention overhead.

o 0.5m vgte] A F HeF 914

(Fe 529 AE F

v 2Q AR

o Hf 50 7HO] HAA] / o
« HoJEE 50 — 6500 H}o|E
. ZS]EH EH7] /\]711' ~ 25ms

. 350m7HA]
v L SAE (52 5F A%

9]

o Zd 50 O] HiAA] /29

3GPP Release 15 eV2X 7HQ

AfgFo] Aoy o] =moblell wet Akea 2kg

59 BH o8 M2 AH|ATF EYEL 9. olF AH|A

Hayzy, k= Qlme}, 3-8 AW T Hrf A&skal 4]
- 71&9] C-V2X 7|&2x ol2jt Mz AH|AE Alsst

#FFo] =S,

3GPP Release 15 eV2X 7|&2 AlFyd A& £ T
- Inzy:

v T8 a7AR

o A AF gAY 5 of = o 20 of

a5 4
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- AR 22 AlM B ElelB B on|AE Sl e 94 B A2 | HlolE 1% 7hE. HlolH
£k 3 Hole AdEe AR AR B A glolE e 22 A7 ol wE 27 oE.

o FHOJ]ZE 50 - 6500 HIO|E

o Fdf 7] AZF ~ 20ms

o Zdf 180m HY

Ve BEAbE T o 2y 24
v 3R SR (F2 oY Ae F9)

« o 6500 Hfo]E2] wHo

o A4 AIZF 100ms

« A 90 %

o Zdf 700m H9
v 3R ASHER (2 Y Ae F9)

o Z 6500 HIo|ES] Ho|&

« 2|4 ARF 10ms

o A=A 99.99 % E= 99.999 %

o o] 53Mbps?] Hlolg &k

o o 360m

H

v T8 AR (F2 759 e 7))

« A4 AR 50ms

o A2 90-99 %

¢ goJg £ ~ 10Mbps @ 100m F+= 1000m
v T8 AR (52 59 e )

« A4 AR 10ms

o AFA 99.99-99.999 %

o doJg &k 10MbpsollAl 1000melAl 2t 1GbpsellAl 50m7HA]
YAFY: YA SalolH Ei= V2X ofE Aol dS AMgote] dF ARF AF
v OFR a7

« Zd} 250kmph®] Htj] £
v ZEQ ALzE

o Z3 A=) 99.999 %

« di7] ARE Sm:

glole] A4E UL : 25Mbps, DL : 1Mbps
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O 3GPP Release 15 eV2X7} Algol= Al7|&

— Wi} 4] : LTES 2d) 32 7] wkmle 71918k 3GPPE LTE-V Alol= 222 914 2] § /o] ukbie)
o= Aok Q.

~ 64-QAM H% © Fal2 14 QPSK B 16-QAME A|9E: 64-QAME Hlole] S8 ol w A H48S
=9 7 7] Hi2oll, 3GPP= FA 64-QAMe =91 & off M= DMRS AA 9] Ea4de 246k e

- AT S Alo]o] Hg) AIZE @ 1 A 15914 o] Fof A7 20ms (FE]2 14)o1A
Zol#1l <k

- BT 337} 4 Afolo] O glaA & ntl A7 k2 RB Z2 ARRSle] EFHog 2E 52 9le T}
el 15 Thaah 22 TR HAHL Itk A9 A sl $18l 5 Bvh Bk ¢ olelt

FEEe T 7H] Bl tigh wo] RS 4 qlrk. FAIAE A B AR =091 IS S0l
RE 3 dofe] 94 95 AU SCIE Fdll BAH), Be 2E 3 59 SClof A dof 2=5 29t
AAX BE 47} o]5 188 4 QlEg ol WHo] QLS.
- A o L FE2 155 A olH AlE 7S ARgote] LTE—VOW 2 & 5 Sl HA ol5S
ZARSETL Qb (o]l ¢ A R Fuk 25 A9 9 A2 AA 28 2A telH AJH)
- TTI : E2l2 155 LTE-VE TTIE ImsolA 0.5ms EE 2 7o) AR £Y 9= 7PsAS Bafsia
e, A Al Akl thE TTI gt (HE A 14 9 152 598 RB 2ol FE3ITh Release 14 AFge W&
TTIE AR85te] Release 15 21 58 4 gl Tefuh P2 159 Ago] Hel2 149] M52 Wofoii=
o H.
ALEE
1z 24 N () o7 7
= .3-@ 7 o D
i / mm AN e 0 &
‘& PSS
— N = o
ohme: / =5
2% 3L 29
23 24 Enhanced V2X kkﬂl&w) 2 é&tﬁi&)

[RIE2Fd MH|AS 28t eV2X 7|&]

[3GPPOIlA] & 2|Et eVoX QTAIEH]

Hoje{ H&E? AZE 2| SN M2y
=4 Y 70Kbps~65Mbps 10~25ms 90~99.99%
e £ 60Kbps~53Mbps 3~100ms 90~99.999%
MM &3 120Kbps~1000Mbps 3~100ms 90~99.999%

- AeFel3a: 25Mbps
o|H Z&H o
o2 =8 58123: 1Mbps 5ms 99.999%
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(Zh-® C-V2X MAC A%
O  C-V2X9] mjA] HZ Alo] A=MAC, Medium Access Control)-2 7| x|=of|A] Z0} HZEA] A=Y
M-S k= Mode 39} 2R/ At RSUT || ofjoF 9 AAHEA] 718 Bat A7AlER o2 S B Eol=
Mode 4 HHAlS AL

i

r]

<+— PC 5 interface (sidelink)

4=== Uu interface ()] T
eNB
)

V2V managed mode (Mode 3) V2V unmanaged mode (Mode 4)

[C-V2X MACOIIAM Sl RI sl 2iAl]

O Mode 4914 A sidelink T V2V 541 AFgate] 415te] Age] 28 wslo] heA] Bl
241 Aesource) & AH&H0E Aeg, Aol A Wl el e W, /1A VX S THske
e Aok o ARE Al L.

O wAA o= V2X Ad o] ¥k Ful(Carrier Frequency), V2X ZF Z(pool), 57135} dlHHA, B Ads}
AL AE ZdT AE Afde] 4 3 AE afdd RB(Resource Block)9] ot £ AH7} 2ohE.

O Aspol A A& W9 ol 94 O, A PHH srehlHS Agstel VaX AdE 7. Lot
EEoAE 2t stepee] oig PAAe ghe ARSI T 9.

O V2X 72 &2 V2Xof| AFEEE AE 9] subframe2 YENH, YHZ| subframe2 &2 EAS ﬁE%‘F?}
O /\WV\Oﬂ olgf] o]8H & 9. e A2H 99 (Geographical Areas)s 7|52 & V2X g4
25 Bk Aol Z3tEo] glom, o] A 3t Y o] AR ot Z|Hof| ddH A EvhS }‘Q&

9}\

h

>
tlo -l

O A2 Release 14014 A 2]% Sensing—based SPS (Semi—Persistent Scheduling) ¥412 AR85H] mode 401141
subchannel-& AEigt,

Fg2 subchannelS oflofet wff Z-2 2}US HHEESA AR 4= Gl 319l 2R E] 712 (Reselection Counter)
]_

At o] ZREE= [5, 151014 Yejo] Aagro|A] AAH. A2 SCI(Sidelink Control Information) ]|
!

2-1.

O

4%
9 ghe ZFehe, 2% 5, AE AeHE 198 U

O A9
=

Sk=

el ru[ru

%

Aol Akgo 2 <l AAe] 7ReE]7} 0o] E A9, ke ulg] Ad|z A2l probResourceKeep2]
< AHee £, vREAE AR Mz AHde dlofsor & winith A 7R oA 2.
& F7le gurd o= 100mselw o 1s= A4 4
= SCI9| 2k dfjof "Eof| mj7l 46 7|8 Eeket SPS {213} SClofl Alde 7heH 3 w7l
Lo =M thE AR Ak of|oFe o oW subchannelo] AME 79| IS5 & qlo] AH19]
o7 Q% 7l SE= €Y & 9= Subchannelz d|ofsh= MYS thaat Eol 4%,

sy

[¢]
Al

Eo
O
r

=2
L PE

%
tlo

f

S
[¢}

b 2}k
715

B

=

:

= duom
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- 1A 27 (V)] AIE (Dol =2 subchannel A|2fsfoF ttal 7145k, Teb AAJe 2o 7] ARE

(100ms ©Jsh Atolo] AE Ad-& o
U= BE single—subchannel> $H ZFgo] =,
2 BA: 2= V= T o)A 1,000709] subframei|A]
HELDS A o] F=k=

Ok A~ 010
ok} 5 91,

DE QRS BT doFe
S 5 W] 20S FEIHe TR AL AGE SW o] RE FH A9l

_/l\_OLEﬁ

o] 7|7F& SW(Selection Window)2tal s, SW ol

AR 'T‘E- 1}%’1

ZoHE.
A 1,000719] subframe®] SCI &, s 5. Ap¢lo] thg Apgo] osf ARl AAsh= SCI7t 3=
o
A9] SCI° sffgds= TB] H Reference Signal Received Power(RSRP)7} AR A olgh AAIGES @2
o
. TR A o), 1 7 4919 100§ msG<10) ol subframee] A7) o] A5 4415 Aol
AT, half duplex Tizel, s +H Aol dieh HH= Qirtal & 4 3. webA, o] AYSE
R SR 2o A A,
o 29AE R & L1 SW ol e AA| EAAL] 20% o) g2 Etsof of. T182] ¢Fo™ 20%
oVl B Al 2 WAE T oR At RSRP AR hatct 3dBY 271,
- 3 A Vi PEAIS] 5 W 559 128 AR 125 SW Ul Sl BE SR 5 20%

oS Zgtsof gk 129 T H AL FoflA 100-] ms(1<j<10) ©]# 2] subchannel®] Bt RSSI (Received
Signal Strength Indicator)7} o19] 20%%1 &5 24 & sptE do= Agste] AR A defst,
Aro] HHEAQ AR 9t AHE 7HREHE AR

Selection Window
i 100
Frequency Subfri_r}r:ehms] Packet generatlon\(l') (100ms)
Subchannel
Control
(sC) T F
Data A ! !
Tese-1000 ms' N ¢ Tew-100 ms Tess ms
) N CondidateCSR 1M

l Average RSSl for the subchannel ‘

For L2

1. Set selection

window

w

¥

f 2. UE monitors

_‘

subframes

¥

[ 3. Set Threshold |

Th

¥

[ 4. Initialize L1= |
| {All} and L2=()

¥

f 5. L1 : Exclude if ]

restricted

[Semi-Persistent Scheduling SEX]
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[ 6. L1: Exclude if

&

signal > Th

[

9. Average RSSI
to populate L2

]




(Wb 7 AZECE

Ad/PHY/MAC) AlEd ol 7t

(-0 =4 V2V Ad 24 AEHely A

O WINNER II

- grojlA] At WINNER II 228 Matlabo 2 F@ste] LOSSF NLOS 40014 4
4 Bas BA%E WINNER 119] B+ 48 &4 29 Matlab

=2

SFA7) Aol WE B2
TRt go] ek

[ CwUserswmoClywDesktopw2010 SE=%.

DER wLTEV2Vsim@LTE-V2Vsim_v3 SWWINNER_MODEL m

o |ln g B s Z anss
| 4 u
yzwsy @ ma BT Qo= ¥ 222 Ll = A7
- v v ey v Qw v BoMY . =g - & ErY i
Ty L By =0y ]

function PL_dB = WINNER_MODEL(distance,LOS)
% Description of WINNER+ (B1) channel model for path loss:

% LOS 1) distance lower than breakpoint distance(Dbp)

%
%
%

% NLOS PL =

PL = 22.7log10(d) + 27.0 + 20log10(f)
2) distance higher than Dbp
PL = 40.0log10(d)+7.56-34.6log10(h_eff)+2.710g10(f)

(44.9 - 6.55l0g10(h))log10(d)+
+ 5.83log10(h)+ 18.38 + 23log10 (f)

- Agelo1AL VoV §7

1
2
&)
4
5
5
7
3
9
0 %
1
2
3
4
5
]
i
3

%% Parameters

b= 1.5

heff=h-1

=5

c = 3e§

Dbp = 4*h_eff*h_eff*f*1049/c;
%% Compute Path Loss

% h : Antenna height [m]
% h_eff : Effective antenna height [m]
% f: Central frequency [GHz]
% c : Speed of light [m/s]
%Dbp : Breakpoint distance [m]

PL_dB = (LOS>0).*((distance<=Dbp).*(22.7*log10(distance) + 27.0 + 20.0*log10(f))+...
(distance>Dbp).*(40*log10(distance) +7.56-34.6*log10(h_eff) +2.7*1og 10(f))) +...
(LOS==0).%((44.9-6.55*|0g10(h))*log10(distance) + 5.83*log10(h)+18.38+23*lcg10(f));

=Kl

42 Fefsidon, $4417] Qe ol h=1.5moly, At Aake] s H)

1000m7}2] =7}t

- LOS @709 B A= £4 BElS break point d pp 71H R AR T2 A2 &4 24 2hE 7IAER
Tz Aol 718717t gt AE ERIT & Q.

- E3hH NLOS 8742 LOS 230l vsl] 5dt $A4l7]e =4171710] Aglo|A B A2 £40] 10dB o) %
o == AL 1T & S
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Average path loss [dB]

180

—6—WINNER I (LOS)
—E—WINNER Il (NLOS)

160

140

120 1

100 ¢

80f

60
10"
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O ITU-R Ad =4
— ITU-R A4 225 TDL (Tapped delay line) model B4 2 Matlabo 2 F&sto] NLOS oA el

g4z 7

- 8 Y Bde 9%

T A= AR

o= Hr7t E7]el PHY 34 AlEdold= o 45 7k
uReta|eek Aibe 4 Sl Zo] oid, 7} wietu|elEa ZAsto] thRl A
Scenario UMi: NLoS clustered delay line model, urban micro-cell
Cluster Delay Power AoD AoA Ray power

No. (ns) (dB) (degrees) | (degrees) (dB)

1 0 -6.1 31 -83 -19.8

2 wlis]10]49]-71]=89 10 54 147

3 20 -19 26 37 ~14.9

4 35 63 -27 96 ~193

5 4045 [s0] 3 [s2] 3 5 -130

6 55 -75 29 -86 -20.5

7 55 -6.4 -33 84 -19.4 & | &

8 200 ~108 37 -112 -239 I -
9 205 -52 -29 -78 -182 3 z T
10 250 49 27 65 -17.9 g '_g ;
11 330 92 -35 -88 223 S| S

12 440 -155 48 ~130 -28.5

13 440 ~16.7 -50 153 -29.7

14 515 ~124 —44 106 -255

15 530 ~16.9 46 147 -299

16 580 ~12.7 —45 118 -25.7

17 590 =235 -59 -178 -36.5

18 625 -22.1 60 ~163 -35.1

19 730 ~236 56 163 -36.6

[ITU-R UMi NLoS TDL model®l delay profile]
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(Lh-®@ C-V2X PHY AlEdolE A

O C-V2XoA+= LTE sidelink® V2V&
O LTE sidelinke= AEE X

=z 0
=

Aolst1!

1.0

T:l

ZH &l PSCCH (physical sidelink control channel)¥} do]&] %

(physical sidelink shared channel)& 25| AEg,

O offe] Fxo] B0l Matlabe ol gste] TR

— Initialization : X
}d]]ﬂ_O_ /d al o]—_

- Radlo resources a881gnment

A 0]©o
%]-"I"/»I]\T:l'.

— Create Transmit Waveform :

— For PSCCH :

-

-

Initialization

L]

Radio resources
assignment

¥

Create Transmit
Waveform

v

Noisy Channel
Modeling

I

For PSCCH

Blind Detection

Extract the symbols

Channel estimation
& equalization

y
— o o

Symbol demodulation

Aol ZotE]

Fll‘

A4 stetele, 42 detelHg

41 gEtulg o] SJs B9E HolHE &2
9 PSSCH =¢] A'd 9 DRS 4A2E Zdlsk= SC-FDMA #x 113 A

— Noisy Channel Modeling : [TU-R &
Lo|ZE Fylsh

o]

= Winner 29 2do] fo|d

— [ SCI decoding ]

3

For PSSCH

-

Get resource
allocation

A% Ad <l PSSCH

demodulation

[ Synchronizationand |

Channel estimation
& equalization

|
|
|
|
|
|
|
: Extract the symbols
|
|
|
|
: Symbol demodulation

Decoding the Sidelink
Shared Channel

Y AlE2ole =]

61—11- = gal/\ E—“%EﬂO]/\

L= ) ) - X

29),

s Tl S

. AlEdo] Ao A AREsk= PSSCH (Physical Sidelink Shared Channel), PSSCH
(Physical Sidelink Control Channe)E 7+ 2jaA defHE dol=
Shared Channel), PSSCH (Physical Sidelink Control Channe)+ #-5-%

PSSCH (Physical Sidelink
St H[2SY dow A

As A= Hestod, PSCCH
q
o

o] HE-S Hdsta

= =2 PSCCH (Physical Sidelink control Channel) o5t sl



v" Blind Detection : 2= cyclic shifte]l el PSCCH resource block poololl A% ZFz+2] PRBe|| thsi
712k Ad F4 9 tide sk 2. o] oA DM-RS (demodulation—reference signal)
correlation 9 7V &2 WAE 7IEoR FTISHE AT HOlY offsetea W71 S5 AR

v Extract the Symbols : /B Z|e] PSCCH7} &% glaA T2 e PSCCH indicesE 59l PSCCH
symbole FEdt= @

v" Channel estimation & equalization : A'd PSSCHO| A9 BES3}E 9ol /=5 A2 FAXE Alilotal
MMSE Ao g E55} ok o

v" Symbol demodulation : E&3HH PSCCH®] QPSK symbol2 EXsk= T

— SCI decoding : ©] #8-2 SCIE Haq sh= 2Hgolct. SCI gt Foll t2d ® CRCgre] 0011 H+H CRC
mask”Z} el gtolH SCI Hag2 54 A= 7H¢E]1, CRC maskolli= PSSCH 23955 ID, Sidelink
TIF X H Fol 23t of gl o] IpAJelA] SCI o] AsfgtetH, ABxQle Atz 441 3]
E3 Ao g 7gsto] o o9 37t Aele pREER] g,

— For PSSCH : o] @Ao]] 23}eji= B= 5HejaHdE2 PSSCH (Physical Sidelink Shared Channel) ol sfigh2t.

v Resource allocation @ B+% SCI HA| A 25 E RIV (resource indication value) #F2 T]ZH5k, 1 4
o]-8-5toq sidelink shared channel®] subframe®] 2|4~ 125 QIEIAS A3,

v Synchronization and Demodulation : PSSCH®] AEZ o] F7|3t & SC-FDMA EXE 45}
.. Control channel¥} shared channelo] Ut AHzd|¢]o] A== 7Z-Folh= 5719t T2 A=heta,
T%2] gk Aeelet 5713 43t

v Extract the symbols : 19| 713}, BxH 41§ Fof PSSCH Aauhs &8,

v' Channel estimation & equalization : A'd PSSCHe] A9 E33Ls la) =
MMSE #4o 8 BTkl T

v" Symbol demodulation : UE Alge]l wba], PSSCHE] ¥+ QPSK, 16QAM, (AQAME A stal FAlH]
A HZEH Ao miebA Exohs O

=
=

™
1o
1
o2
o
")
R
_O|L
Rl

(PH-B® C-V2X MAC AE&olg gt
O C-V2X MAC AL 7|2=ofA 29 754 AAER o2 2H4e ddsk= Mode 39} A/t RSUZT]

ooF W AR Nt it AAEHOR AU HESHE Mode 4 HAS A4S,

O Mode 394z, 2FgolM 71A=o=2 Addds 27kl oA Dishet] A Aol A43s] LA |
mzel, A2 A= 276hs dEAeTolM= ARAA E42 2= Mode 4 7]5Ee] HA#] 2%
wbA C-V2X MACS] Mode 49] SPS (Semi—Persistent Scheduling)& Matlabo=2 F3E,

O Mode 49] SPS B4 ket AA1HQ1 C-V2X MAC AlEHo[El= Matlabs: o]-8sto] ARtE|glom, A[EH o]
A tool®] &5 tholo] sl ot 4.

ral
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Initialization

!

First radio resources
assignment

!

Start

Position update

Simulation
cycle
(time)

Quality assessment

Radio resources reassignment

DCC algorithm

|

Qutpit

[ Performance evaluation ]

[C-V2X MAC AlBElolE SEX]

Alutg] @7l Qe He 2] tiel 3.

1, 224 o]Gof AlEFo]Me 7] whet Position update, Quality assessment, Radio resources reassignment
% DCC algorithm Y] ©AE 4783t Algelold AlZ7kA] vhgAog 430,

Position update : AlE=o}A 719} 2lFo] Lieof B ofs AE ARtste] R ko] SIAE Ho|ES
Quality assessment : ©]% F7]o] L 2hgh& AMgste] a8 FAlOA, HIAA] $419] 45 ARE
g7FstH AR 441 Alsj= SINR(signal to noise and interference ratio)ol] wal 274,
iol A 2Fg j= AEE w219 SINR 7,7 H A& FAR yminH T W A AR of] ofl2f7t HAgt Aoz
ok

Radio resource reassignment : AF2 ] Zot Zpfat A= 7R2E7F 091 Apgol| diste] AHde
et A At Mode 49] SPS WAlo] 4o E]n, 22 1.20] W 2hd FollA B+t RSSI7F 519
20%%] S8 7Y 5 SPHE o= Adsh

DCC algorithm : CBR(Channel Busy Ratio)¥} CR(Channel Occupancy Ratio)& S4sto] d &d=E
et 9 Afdo] ottt WHEH FAH AR A o (Decentralized Congestion Control) €1lg]E-S
T o= the AlEellold 7oA R8s Al FE 71, o] BANA Atk V2X UEY
AR Al] 7]aS Skl niA|E SAloA] A B7EE o] FofFl.

Performance evaluation : Algd|o]d AXE FAshH, Aqd &5 AollA Y As Ax= &&=
4 9= PDR (Packet Delivery Ratio)t IPG (Inter—packet gap)& T&otal H7eh

L
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(th Z+ AZE(PHY/MAC) AEdHolH A% HAZ

(th-® C-V2X PHY AlEdolH A% A%

O 3GPP R1-160284"" ZAolA Huawei, HiSilicono] 4335+ PHY AlE#o]e]e} 5 Admelo] 7jdtst 272
) AlEHole] ko] AsH|w g

O AEHelA 33

- AlEeflo]d 872 3GPP R1-160284 &A1t 7HaRE AlEeolel7t SURt Sl =0l s

- AlEElelA meEtalEE ot 2.

Parameters Assumptions

General parameters:

System bandwidth 10 MHz

Carrier frequency 6 GHz

Channel model ITU-R UMi NLOS

Antenna configuration 1 antenna @ transmitter
2antennas@receiver

UE relative speed 30 km/h

Number of transmissions 1

Frequency offset estimation time domain

Channel estimation Linear interpolation

PSSCH parameters:

TBS 190 bytes
Modulation QPSK,
Coding rate 1/2 QPSK
PSCCH parameters:

TBS 43 bits
Modulation QPSK
PRB number 1

O AZdeld 2t

- ERAe] 23t @] 7S Aokt ol Az el A Shed, option DM-RSE] Hix1e] Aol Lehyz,
Case ABE 5715} ol2ie] 7P, Case 125 Zm4- ofzle] ool ofet 71S Uepd,

- AR C-V2X PHY ABellelele] 29 5715} ofetE SsbA /Pgaka] 9k, UARIE $441 sizze)
5718 WA A4 Agetoz dlslel YxEA Bt & o A3 5715 ofe] e AN

- B9 PERZSH A ABefolHE olgote] P PERZVE il

- A<= PER 2x}°] RMSE k& Foto] 3GPP R1-160284 I==o] X4 gha} 2o gk 7|2 72zt
162%, 1.8% 3% A% 0%01S DAL,
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190Bytes,QPSKO0.5, 12PRB, UMI NLOS, 30km/h

Proposed Sidelink linklevel simulater
T T T T T

..... - --| ==&-== Option1, CaseB, Case1 |
- = --| =&~ option2, CaseA, Case2 |+
-| ==©-- Option2, CaseB, Casel |4
........ P -.....| =—B— oOption3, CaseA, Case? ||

H . -=©-- Option3, CaseB, Casel
.| =& Optiond, CaseA, Case2 |-
==&~ Optiond, CaseB, Casel

--------- --:::---' "'-:: —E—Optlom CaseA Case? |7

.................................................................

SNR(dB)

(a) R1-160284 2A 2| PER (b) Mot ZEHeo| PER M&
[C-V2X PHY A|S20|E{2] PER A5]

-2 91 97 88.8 2.2 8.2
0 73 81 70.8 2.2 10.2
2 47 58 45.2 1.8 12.8
4 235 31.5 23.6 -0.1 7.9
6 9.7 15.5 9.6 0.1 5.9
8 3.6 5.5 54 -1.8 0.1

10 0.9 1.8 24 -1.5 -0.6

X2t KO RMS = 1.62 %, Z|CHE 22| RMS = 7.8%

[Hetz Hlw Znt]

(th-@ C-V2X MAC AE&dolg A% AZ
O 7 ‘*?} C-V2X MAC AlEgolE A% AZS 95 3GPP R-1611594 EA"o 4 Qualcommeo] A3yt
AEeAle] daElEef thsh A 2zet st C-V2X MAC AEFOJEE o8ste] a2 Avt T
hL HAosto] AlEdole ] A HE5S Hag

O 3GPP R-16115940f| 4= A4 91 Aol dare]E-S PAISH] 2A|T, CR(Channel-occupancy ratio) ]|
oE meel o2 gkt

O ke BB o] mallg] e 7t JolH 245 CBRO| &3t 7710l whek 7t o] AHREF 4 HmAlele]

Z“‘JEH??](CRlimit)T‘% tfgsk= WALS AR8oka SAH CR gho] CRImitE ot 2241, AH 2dAlo] daeEs
235l upAlo]

ot

i

O A, ZF 2] V2X 441717 A 71t Skt A 2H9 Xﬁﬂ ut 24l FoflM, 441 ”594 s
UE= RSSI(Received Signal Strength Indicator)7F At 7E2 2ohe Aol HleS CBRE
=4

O olgA Z4% CBR #t= ol-8otod BASHL 3= AFe 47, Nsta® = A 2o] 374,

Nsta = f(CBR)
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O CBRo| Uehi= A AHgit At A9 ol ate] VX BAS 4she A o} Hlelshy] e,

Nstale CBRE 9l gto@ she ololo] g4 [0z BaT 4 9e

O ZF Aol A 4 2= AE 8 HNHA CRumie AbAH T ZHAY CRowtimicr NstaZ
[e]

e cheat ol 1 4 9.

CRiimir = CReoal 1m1t/ Nsta

O webd, 549 CBRE olgslo] 7 Aol AgE 4 9 D 83 AR CRiwe BHF

O mHte g, 7 Ao A ZHH o= CRe 574510, CRym HOH 22 Al A" Z4RFA o]

O 99| T 105 AF§SHA CBRY THE CRimE AVHS] THT 4 912, SASIAE tIAIA] F717} 10Hy

A o, AP LAY CRye B2 AT

(th-0-1. A& °ld &7
O vt &2 AlEeold ede AAshl iAo Ag of o mE A5 HalE A
— mobility model
v 1453 S4S A1A
v A2 randomsHA| EEAfol| 917
v 2R E 3609, 554, T38tE RISt of= Al Wt Eobrle] mhe EiteAle] s B2
91
Lane width. 4m

1

™
'l
"

= Zkrrr
— Channel model

v WINNER I[9]A¢] Az &4 nes AL

v 1252 s7olng [0S Az nue 243

v 712430 A o] HAYUSE &, wAoNA ARERE BHHQI packet dropping S 489
v Packet dropping & £74% CRe] CRlimit Bt} @& A] 483

v CBR &% window : 100ms

v CR &% window : 1000ms

v CBR 947I%t © ~107 dBm

v CBRymie: 0.65

CBRO| @2 CRimi> 3GPP R-1611594 EAeA A2t CRimie BE AHERE

v 7y ARFe Bt vk (decentralized way) 22 CBRS £4E.

o
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CBR measured

CBR = 0.650

0.650 < CBR = 0.675
0.675 < CBR = 0.700
0.700 < CBR < 0.725
0.725 < CBR = 0.750
0.750 < CBR = 0.800
0.800 < CBR < 0.825
0.825 < CBR = 0.850
0.850 < CBR < 0.875

0.875 < CBR
- 1 9] it gt
v A4 - Mode 4(SPS)

No limit
1.6e-3
1.5e-3
1.4e-3
1.3e-3
1.2e-3
1.1e-3
1.0e-3
0.9e-3
0.8e-3

Standard version
Adjacent of PSSCH-PSCCH
Number of subchannels
Channel size
Subchannel size

MCS index

HARQ retransmission
Transmission power
Noise Figure

RSRP threshold
Message Size

Message Tx rate

(th-@-2. AlEdold 23
- A 9 0 369, = 70km/h (B2 UE)

v A7tol| w2 CBR¥} £74% CBRO| CDFE HH, U7t 25

Aol7} 7] .
T3t PDR (Packet delivery ratio) A% Z
v ol AlufEleate] A W] o] A

\

LTE-V2X Rel-14
Enabled

2

50 RB

18 RB

4

disable
23 dBm
9 dB
-110 dBm
190 bytes
10 Hz

Al 2AFest Aot A5 CBR %]

YEHT9] A

Sl Alve|ede] AFeS T2 78T & de= dnie
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Channel Busy Ratio (CBR)

CDF

1 T |
= = =no DCC
——DCC
0.8
0.4
02r .
0 Il 1
0 20 40 60 80 100
Time 100ms
[CBR VS AlZ}+ (with/without DCC)]
1 [ I
= = =noDCC
— DCC
08r 2
06 2
04r 2
02r 2
el Il

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
CBR measured

[=X =l CBRQ| CDF (with/without DCC)]
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\
_>|.|_|‘

= = =no DCC
—— DCC

he

S

06

(O]

=

©

(|

G 04| 1

O

[W]

o

02r1 §
0 1 1 Il 1 Il
0 50 100 150 200 250 300
RX-TX Distance
[PDR vs A2l (with/without DCC)]

2 A 554, &5 70km/h (E7F W)
VAR Alo}E 43t AlZto] whE CBRe HH, oA Axfel gef CBRO| 15% Bk AjolE K9l CDF:
o o] vla) W BEE woln, o FABA Aol Fu2Eo] A LEL gl AL oful?
B Aol AR I, 3fo] 0.659] =Hok= A= & 4 s, ol AlEdold E7gofl4 CBRImitE:
0.652 AAot%7] ey
T3t PDR (Packet delivery ratio) AdsollAE zfo|7} Y
o= Alue]eAte] AfeF diof| ool Afd Fopt A Eakest datelgoe] 5] o]2 Qlef g 4ol

=]
=
ofeo] s Tl 2R

=278 %

¢
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Channel Busy Ratio (CBR)

CDF

1 T T T

= = =noDCC
= DCC

°
o™

4

o
o
T

o
~
T

o
(V)
T

-~
L Vi hel_EPHESEE_EL ISP S S g S

0 1 1 | 1
0 20 40 60 80

Time 100ms
[CBR VS AlZF (with/without DCC)]

100

1 T T
= = =noDCC
= DCC

0.8

04

-

0 . I
0.2 03 0.4 0.5 0.6 0.7 0.8

CBR measured
[ZH = CBRe| CDF (with/without DCC) ]
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0.8

0.4

Packet Delivery Ratio

02

= = =noDCC
= DCC

50 100 150
RX-TX Distance

[PDR vs A2l (with/without DCC)]

A W 738, &% 70km/h (S Wh)

[CBR VS AlZF (with/without

_87_

DCC) ]

200 250 300

v BALSH AolE AH8s }Xl ore ], =2 YkoA CBRO| 90% 238&E = &
Vo2 dRoA ik £ A& Al PDR A2 7HE & Aol Y
v 1 EE Ay ed S5 Aol gyt 7Pg 3A e,
1 T T T
-~ oo d -l o = = =noDCC
- - ™ - - DCC -
QO'S .
m
Q
§e)
w 06
e
>
)]
3
Qo4 |
(]
C
C
Y]
<
002 1
0 1 1 1
20 40 80 100
Time 100ms



T T T 1 -
= = =noDCC Il
—DCC I
08r 1
06 .
L
()
(@)
04r 1
02r 1
0 N
0.3 0.4 0.5 0. 0.7 0.8 0.9 1
CBR measured
[ZX =l CBR2| CDF (with/without DCC)]
1 :
= = =no DCC
— DCC
4 s
08 r
ie)
©
e
>06r
(O]
=
o LIS
(@] Ior
o 04 *\, 1
~ Y
O N
& "\
Q\‘
02 e
0 1 1 Il 1 Il
0 50 100 150 200 250 300

RX-TX Distance
[PDR vs A2l (with/without DCC)]
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- 3GPP R1-16511594 Zu}e} vl EA

v olefe] A} Tefmellq A WA AR HT BAQ] At Tejmoln], £ ig) AR At Al B olE S
olgslo] o Azt Tml,

v EAA] U9t 9= AJEFo)Ad AT HOist SUsH AAstalom, ARAQl Aoz olste] Zro]

9}2} l:g_l-a]-zl TS o]g_.

L

v BAEA Aol A4%S ©, PDR 3ol thAEE A Aske EoR A
v oflEi PDRZI Wo] Wsl] e Botes ek,
v AIRAC) Aot st AReelE ] Aol 2 Aol glom] 91% ol] Ee ATEE 1

R1-16511594 | 7H& ot A|22 0| ;
S S
738 125 120 96

07 554 165 160 97
369 240 240 100
738 180 165 91

05 554 240 230 95
369 X « .
738 300 280 93

02 554 X 5 =
369 x . .

[Matz "W ZAD}]
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Packet reception rate

Packet Delivery Ratio

0.9

08

o
3

o
]

e
3

0.4

\
NUM CARS 738 (NO DCC)
= = =NUM CARS 738 (DCC)
NUM CARS 554 (NO DCC)

0.3 |- _ _NUM CARS 554 (DCC) }
NUM CARS 554 (NO DCC)
NUM CARS 554 (DCC) a .
02" -
0 50 100 150 200 250 300
RX-TX Distance
1 PRR vs Distance; Freeway 70kmph
T T T T
\:§:::\~

0.9 ‘
0.8
0.7
0.6
05

NUM CARS = 738 (NO DCC)
04|~ NUM CARS = 738 (DCC)

NUM CARS = 554 (NO DCC)

————— NUM CARS = 554 (DCC)

03 r NUM CARS = 369 (NO DCC)

NUM CARS = 369 (DCC)
0.2 —

0 50 100 150 200 250 300

Distance (m)

[PDR vs A2l (with/without DCC)]
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(eh 5449 & PHY Ageelest MAC Agdeld E3

@H-O FAAE & PHY AlEeld
O C-V2X PHY layer

- C-V2X PHY layer(Rel.14)9] +x+= D2D(Rel.12/13)014 27§3H DMRSAISE 470= vfzste] AHA| (3GPP

R1-1602841%)

- DMRSAL O] 71 iz wE A ol AP o] golaH o

#0 # 82 #3 W #5 #6148 #9 M0

#1042 M3

=G

O
i nd

#00#1 #2 #3 M #5 #6 HT #8 #9 #10 411 #12 13

[T AP A T, ]

LA LUV

0
P

1ms (one subframe)

DMRS location for Rel. 12/13 PSCCH/PSSCH

1ms (one subframe)

DMRS location for Rel. 12/13 PSBCH

[D2DS Al PHY layer design]

Option 1 Option 2
01I3 4I6 7I910I1213 ]234'6 7I91011[
Option 3 Option 4
015678 121 13 012I4 5.8 9I111213

[] asc [] patasymbol [] DMRssymbol [] &P

[C-V2X PHY layer design]

- 7]& C-V2X Mode 4 V2V AlE#o|E]= PHY layero|] 28-& F17

EEERIOES

- JlE ABdelEe] B4 gueEe

e

A ot
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e N

AlE3[0|4 Trato|Ef
2%

l

MCS Level®|| 2t
FHHY 24 27

~ /

' I

o
—2 j
QO

SINR threshold < SINR

-

~

i
o

ol Al x| =41 8

J
1 SINR threshold > SINR
~
=4 HAIX| 2| SINR _
T A
AJX| 2=A1 A
B HAx| 4 45 —p)
1 J
SINR threshold®}t
Z74%E SINR H|
A J/
[7I& PHY layer AlEEI0IE &2 L12|E]
@ AEHolA F2to] Bagt metale gk =, ex) AlEH I B2 ARL AEHE, AR
HIZHAA] F7], MCS level &
@ AlEeold metulE & MCS level®] Adio] whet 74 2d o] FAo] Asfx]H, o] F4 Foll=
MCS # Modulation, Coding | RB Min. Range[m] Subch. Packets
Rate Pairs SINR[dB] (only PL) Size Per TTI
0 QPSK, 0.13 86 -2.83 418 5 -
1 QPSK, 0.17 66 -1.38 411 5 -
2 QPSK, 0.21 54 -0.22 404 5 -
3 QPSK, 0.27 41 149 392 5 1
4 QPSK, 0.33 34 2.76 382 6 1
5 QPSK, 0.41 28 4.40 365 5 1
6 QPSK, 0.48 23 5.79 354 5 2
7 QPSK, 0.57 20 7.30 336 6 2
8 QPSK, 0.65 18 8.60 320 5 2
9 QPSK,0.73 16 9.88 306 6 2
10 QPSK, 0.82 14 11.16 294 6 2
11 16QAM, 0.41 14 11.16 294 6 2
12 16QAM, 0.46 12 12.83 278 5 3
13 16QAM, 0.52 11 14.46 258 5 3
14 16QAM, 0.59 10 16.39 237 6 4
15 16QAM, 0.67 9 18.73 213 6 4
16 16QAM, 0.72 8 20.05 203 5 5
17 16QAM, 0.75 8 21.10 191 5 5
18 16QAM, 0.84 7 23.54 172 5 5
19 16QAM, 0.92 7 25.93 150 5 5
20 16QAM, 1.00 6 28.10 137 5 5
[MCS Table]
SINR threshold Ze Z3HE
@ netalg Aol met AlElol e 2719k, ZF 4l HAIAIES] SINR gho] AR, @A) Algee]
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BLER Link curv(300bytes, QPSKO0.5, 20PRB 30Km/h )

1{]1} \

BLER

1071 : :
SINR(dBm)
[AlZ20|Efoll M=l BLER curve]
O FAAE & PHY Algdol&et Sotet Aladlolel o] AuE F-5o Hla 45| sl the met|e s
ol
O oluf watnjel= 919] BLER curve 23 11835le] ZAH.

N 7

Beacon size 300 B
Meslevel 7
Channel bandwidth 10 MHz
Transmission power () 813,18 23d8m
Antenna gain (both txand rx) 3 dB
Noise figre  9d
WINNER+,

Propagation model .
Scenario Bl

Sensing threshold to assume the channel busy -94 dBm

Density [veh/km] 10, 55, 100
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——Pi=23d8m|  Blue-BLER link curve H& H
_':!'_
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[Density vs CBR]
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(EH-0-2. FF Y Wsto]| mE Distance vs PDR

Varying Pt Varying fb
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Density = 10 (veh/km)
Varying Pt Varying fb
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o ” 06
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& U O ost
0.4} 04+ .
0.3+ 03t i
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04r 04+ J
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0 | | 1% M | - ! U L !
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[Distancs vs PDR]
Density = 55 (veh/km)
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Varying Pt Varying fo
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0.8} —23dBm 08f SN —fb 1Hz
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[Distancs vs PDR]
Density = 100 (veh/km)
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(@h-0-3. 5 AEdolH A% AZF
O 3GPP R1-160284"% EAjofA2] BLER Z=jZe} 3GPP R-1611594 EA1Me]Aje] PDR A% JejZe

iRt PHY/MAC Cross-layer 59+ Al&2o|EE Sof =&t 45 Telzet vlul 45t} Algeo]E <
ds A= A

O & Al=lolee] 452 PHYSF MAC AZ-g Z3lotRa 7F AlFolxe 45e Hugdosn A5

asol 7.
oz PSS A Ut e Aledleld 2Eat

o2 Qlsfo] éﬁﬁol oFft detd &

O PHY layer®] &2 Bl T8 zeto] BLER @4F¢] RMSE gh= -sto] HwE 213¥st3lal MAC layer®]
&2 PDR gell WA= AE 48k 7Ieo= AT

O 53 AEYlolHE 59 €2 BLER 1=z A= 3GPP R1-1602849] BLER Zx} T18jZo] X4
Tk 2o e V1Fo R ZHZF 1.62%, 1.8% QA= ASH: 90%o1de BASI2.

O &g AEdolHE 53] 9& PDR 1dZ 3GPP R1-16115949] PDR ZIafj=e} & zo|7} glow
91% oVl =2 B E Hel.

O offe] 23 S o, /Rt PHY/MAC Cross—layer % Algdo]E 9] 52 &4 kx| E3]
90% ool AlgdolH FeteE TR

O_u o

I
[¢} \_
i A elston, A

o 190Bytes,QPSK0.5, 12PRB, UMI NLOS, 30km/h
10 - 10"
- 3 :: —E—Optlom CaseA Case? [ =
--| ==&-== Option1, CaseB, Case1 |
--| =&~ option2, CaseA, Case2 |+
-| ==©-- Option2, CaseB, Casel |4
-..| =—B— option3, CaseA, Case? ||
==©-- Option3, CaseB, Casel
.| =& Optiond, CaseA, Case2 |-
==&~ Optiond, CaseB, Casel

Proposed Sidelink linklevel simulater
T T T T T

0 5 1 15 2 u 2 4 s a 1;1 1I2 1;l 16
SNR(dB) SNR (dB)

(a) R1-160284 =A{2| BLER (b) Mot ZEo| BLER M=

-2 91 97 88.8 2.2 8.2
0 73 81 70.8 2.2 10.2
2 47 58 45.2 1.8 12.8
4 235 31.5 23.6 -0.1 7.9
6 9.7 15.5 9.6 0.1 5.9
8 3.6 5.5 54 -1.8 0.1

10 0.9 1.8 24 -1.5 -0.6

E|agr 2AO| RMS = 1.62 %, ZE|ICHZF 2%FS| RMS = 7.8%
[PHY layeroll CHSF HEtT H|w Z1}]
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(h) C-V2X Mode 4 V2VEAe] A% AZA 0] 7l& d
(@H-@ SAE ]2945/19] A%A=A o] gaa)Z
O ul= 25} 25} (Society of Automotive Engineers)©] ]2945/0f|4] A|otsh= HeHed o] d1e]=e oheat

o
s
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3 (CBR < 50%)
13
Pic (dBm) = { 23— <-(CBR—50%) (50% < CBR <80%)
10 (80% < CBR)

Tx power (dBm)

CBR (%)

Ol

[SAE J2945/12] M&MRof ¢ng|

O SAE J2945/1914 #4022 10~23dBmo2 Ao} 7}s

O g dauelEe CBRIE S5t ol et Agidze Agyoes 24

O 7 A wiAA] AgF71o] o] e Al

O o3k SAE ]J2945/19] Ao} ¢a12|F DSRCE 7IHEe® whe BEolAT, A4 C-V2XEE
A4g5e Zlol 27 A= SlE

O AFAgA SAFE A Brf 32 AuE|e By, &2 Aueledd o ERARHIY] o]

Z BlM A8 71s)
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(MD-®@ Sensing-Based Power Adaptation for Cellular V2x Mode 4" (A&t

Aol A Aetshs drelEe AE abgo]l A Ade] ge Aldste] Asddes 249

O
O

s darElE2 AE AP APE Ao s 2451, ol Sensing Based SPSEIEE 7Rk Fal

[e) KeH
AR -

O tha=> SB-SPS¥E|Eof gt A9l

frequer?cy A Beacon resource (BR): 17Tl _ one or more subchannels
domain (1ms) ~  (multiples of 180 kHz)
5 time
Now| . domain
Ty Allocation
. Used - S-RSSI not estimated
>< Not sensed (half duplex) ~~ Higher S5-RSSI estimated
_ Sensed busy D Lower 5-RSSI estimated, passed to MAC
[Sensing Based SPS L4112 ]
@ Reselection countergte] 00]=]= A=A &
@ G Aol disiA AT 2H1Q0%)0] BEEe ARFATE B AHE Afdd Az}
® 1x(1000ms)9] sensing window(T,,,, )&% o1 Al gL A%
@ ZAA7F olFAY, dARES =2 &% &2 AE AfdS FHA A9
® IAE AE A 7t AA AB AHES 20%5 TESHA] ZEA], AGS 3dBEIHAIA

ME Ad $E 20%7H] A
© ol HFAHor F2 20%] ME AHdS eFAeow HE
@ 7 A2 L82eor AEd AE Ade K Ul A9

9o T RE AJefo]
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O Aatiel A 7IdE Aol daels 9 289 7.7 &t AE RSSIgke o84

O v Al 7I5F AAeldelge] £E3ES Hos.

Algorithm 1 Transmit power adaptation

1: procedure POWERALLOCATION

2

10:
11:

12
13:
14:
15:

o e el TR ke o

Extract sensing matrix of vehicles performing reselec-

tion

schelD + IDs of vehicles
Nsche <+ the number of schelD
sensMatSche +— S-RSSI matrix for schelD
TH <+ threshold value
i+ 1
while i < Nsche + 1 do
Sum S-RSSI values in the same subframe with

reselected resource

NR

NR + new resource of schelD(i)
NRF < S-RSSI value 1n the same subframe with

Interf < Y n pp SenMatSche
Adaptive power control with S-RSSI values
P(i) < (1 — min(/nterf/TH,1)) x 13+ 10 dBm
oW e

return P.

O 919 $EIEE B, g duelze AFA A A8 Ao RSSIGES THHOR ZA51]

[C-V2X Mode 4 VoV MIAZ|EF M&MEM O] LT2|E TEIE]

TH(threshold)S ®lwste] HS 43

S 24 7hs
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. =2 | - 1
1 . 1
+ 1 * Action = 10, 14, 19 23dBm 1
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w
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w
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ZHEE state2 5 H |
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e .
w
r i N
Actiond| = reward, )
next state =& A= 0] Time=2t
" o grE
L
State, action,
reward, next state
o 22| &z
L 4
1A update ]—
[AlZEllo|d AT Zetets &g E]
O AlEgoldS F&AI717] ffall Algdleld dE mpetnle A4 ex) AFF Wk, T2 o], A
9o time, £& 5
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o TEta]E] 9] awreness range= 3GPPS] TR 36.885, TR22.885“4]94 &g #arste] 300m= AA
7y darelEo] Ayt Hlw+= Distance vs PDR, Delay time vs CCDF2] 72| ZAtof tisfiA] H]w EAg,
o A3t B0 o] §H AlEdold et el

N

u)
(e}

Beacon size 300 B
Channel bandwidth 10 MHz
Antenna gain (both txand rx) 3 dB
) WINNER+,
Propagation model .
Scenario Bl

Sensing threshold to assume the channel busy -94 dBm

Density [veh/km] 300
Nlane 1

[AlZ2afo[d u2io|E ]
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Q) AeddF3 & AlEHelA EAFE AE

Oh FEAeER ANad Bt Adee @ 24 259 2d 24

Ch-0 BEAAEFR AuaE Avtele 24

Oh-0-1. GeReEd A

O V2X &417 CAV(Connected Autonomous Vehicle)

- 20 XA E HAoks 2T 39AIE oA, XA o] didlske AReTsd 48AIS} SEACA
L Al B A MM} A8 Fdnto 2 obigh 28 BAT 4 GhSTi o] mol 1

>

o8
- ol AT ABAY] Fle, Solcke e Fa MM AN W FGA0R A TR,
- Wb, Holx] k= Aelo] AR AAlsh] SISl AR A T VIX BAIS B 2t A
4% ARE BRsr T Pae] AHLY), o2 @2 A (Cooperative Sensing)e

- T3H V2X BAS o]gste] A5 AEAREY] oA or2 A7 wdlels Fe mHE(Cooperative
Maneuvering) 7]&°] DQsH H. mefA], AFHEFYPNAE V2X 5419 Fa4do] oL FZE1 9=,

AR

V2X FAle) oJgt A4S Fofet AgFaixtsAkE CAV(Connected Autonomous Vehicle)ol=2tal 2

Level 2 Level 3 (2020~ ) Level 4/5 (2030~)
‘Warning and Advisory ke Partly Automatic Fully Automatic
e ““\_. N s oy S 2 —F‘—L"‘-
\_!QJ__J 5 \_!@]__J LY .é"___,
Sensor-based Technologies Sensor-based Automated Vehicle Fully Autonomous Vehicle
., Nl E._s
Converged Techr;oiogies Advanced Automated Vehicle Fully Ad.\.fancedl
y : Autonomous Vehicle
. O
i ~"-)_-_-lﬁ-—-.£é4),
Connectivity Technologies Connected Automated Vehicle
( Connected Vehicle )

[Vox Ealofl 7|gkst cavze| arxlis]]
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O CAV 2= 9f7t V2X B4l 719 8+ A5

- V2X FA4lo] CAVE Ast7| flaliMe= 7] C-ITSHEE &4 o 2 ¢Fo] floleE o W z[dAAIto =
Agdiorslr] wizoll, C-ITSE el e V2X 7]&2 A8l AME 4 gl

- WA, 3GPPOlAE AHeF R A9E o) a2 Fai tieleld Fohs SAIHI(5G) NR(New radio)

7I5te] V2X $4l 7]4S BESIshL 9lon, 20199 12¢e] wEE oFq =,

- ofg} 1gl0le 5GAA(SG Automotive Association)ollA ALJgt 5G NR C-V2Xof| 715kt 4719] 2833
AE]2(Platooning, Sensor sharing, Remote Driving, Advanced Driving)®] 71} o2 2| ¢s7] $Ja] Q5=
V2X EA19] latency, reliability, 12]1 data rateS HojF1 2.

Uses cases for autonomous driving applications
(SA1 TR22.886)

Vehicle Cooperative Operation,

Platooning Sensor sharing

Remote Driving Advanced Driving

NR-V2X requirements for autonomous driving
(SA1TS22.186)

EZ2E latency Relrablllty Data rate
Vehicle Platooning 99.99
Favanced 3 99.999 53
Driving
Extended Sensors 3 99.999 1000
S am 5 99.999 UL:25, DL:1
Driving ’ R
_ _ Lateral (m) Longitudinal (m)
Positicning
Accuracy 94 o8

Note: 5GAA may adjust the above requirements according to inputs from car OEMs.

- Sensor sharing?} Advanced Driving Z17F 2 15tof|A] 7Skl Sl FeiAld 9 FewwH g} et
HESL. o8 AHsh] fleiA V2X= 4= ms®] SAIA AT 99.99% Hxo] Al=ert B asks mpelet 4= 9l
wj2tA|, C-ITSE 918l 7HEHE TIEEES02.11p/WAVEL 3GPP C-V2X 7142 A& AHIAE 2|Ysl]ol=
Aio| Aeys| BE3
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ZL8SH= AMH|AolH, 0|2 B AFEFEY AFEAte] ¢172] W2 skt 4= 98 ol I1H-& Vehicle 27}
Vehicle 19] 7H2tE Fof AIdE AEE V2V 541& o]&ste] Ffots dg Ho&E

Vehicle 1 Vehicle 2

Cooperative perception with
On-board See-through

see-through sensor sharing (V oo i apolidation

[RIgFe Azt HaMaME|ag of 7]

=

I

O lzmet AlMet 2kera) Az 8 @ Al walkzu e 2ok AhaFa) 2hke] 2] AlA7E Al
S5l blind spoto] @ AL Qlzet A (ZH2 lidar/radar 5)7F ©]213t blind spote AlJsEL 225}
4 A5 A, FAAE AHE R2V FAE 5ol AT At Fiotke AHIAY. off 17l
Qlze} 7hetellA] blind spot AlAsHL, oF Aol SRS Aot olF AFde] R2V §4l&

Eqf Adel= fde HoFT 9L,

O Faxial Yuicl= FinztolM #S SAl
24 015 A2 fixlet £5 HE

(@dsE Z2=RoUZ TE
(DRSUMIM 12vE Bl X0l T
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O Bz 4270 Aepe] SHOTE F AFSoA V2V AL Faf Aok Au|Ag), oS

&
S, A7, ﬂx}a A T e
EHOO]' A o] ]_L- /\11:]]/\01

O ofé 182 Qualcommel AR SIE oKy Aol A HATD Sig. 487 A
8 A5 ASY F2e 20 i LAA=E TV
FH AP SRS Basle] F o M2 B2g 2YY

Intention/trajectory sharing for autonomous driving

Providing higher level of predictability and traffic efficiency for advanced path planning

Efficient maneuvers Advanced path planning Coordinated driving

Autonomous vehicles are able to make quicker, Supporting the level of predictability needed for
yet safe maneuvers by knowing the planned advanced path planning for autonomous driving
movements of surrounding vehicles

Autonomous vehicles are able to choose time-efficient
paths toward their given destinations as they know
the planned movements of other vehicles

A 8 !
3 a0\ Sudden braking
‘:):; ‘i:) ) '! and lane change

on a freeway

.

(B S My|A 70E ) Qualcomm!™®!]
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il ) 25 2}
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A id time_stamp | Z4A| class GPS == Hrek =T
1 ty SEXt (xlaylazl) 91 U1
2 tQ Eso"xl' (x23y2322) 92 Uy
N Iy AHHA (xN3 Yns ZN) 0y Un

_ A ide Qe A7 QISR ARJol] Holshe 9l id 9 S Slet Ake] A4 s] el
trackingol] AHEE.
- time_stampe oiF AA7F AAE A UER.
- ] classi= A AP} ol ol BRER AAe] ER) AT
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O

Prescan 7|I0.2 4185 @ARA e85 89 wakze] AYstel FHsH Auteleo] g =4
Mo IR 15

Prescan 7IMO.2 BAALTD ABls S 918 A5E AT 9 4 BARE TPk =4 M

| SRR 9 AR v, E2E AR AR B2 93 7E.
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v Camera sensor (7]8] 150m, Z'= 40&k)
v Radar sensor (#12] 50m, Zt%= 80%)
lidar sensor (120m, 32CH, Zt&= 360%T)

Camera(150m) Radar(50m)

S
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TIS1 _range (m) BrakePres_out [bar]

<Dopple

—Pp
<Thetaldeg]>

HWT iiﬁirded s

Standstill distance [m]

!

System ON

Indicators flag

|
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TI82_range [m] HWT [s]

TIS2_rangedot [m/s]
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ACC flag

HWT_dem [s]

Standstill_distance [m]

System ON {1} / OFF {0}
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x(0.1s) y(0.1s)
x(0.2s) y(0.2s)

x(1:93) y(1l.9s)
x(2s)  y(2s)

21 X 2 matrix
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xq(t + 1.9s) yy(t + 1.9s)
x1(t+25)  yi(t+2s)

21 X 2 matrix
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A WAL Aok Aol A4,
cross—layer A1Ea0]E]] e Wrof| PS5 Edf AlBdo]e]o] St FHAEE ASo] TatkE]o]
% Algdlolelt -S4

53 ABdoleld] B4 e theat 2ol AYE.
Gl Edf ABeolEe cros-layer ABAIEE AR 5717 FU5H WAH, A B2
Ferrera Edn Agole ] St FURETA AFEE cross-layer ABoIES] A Wiz
wo] PHYS MAC A%l whet A9 @3 pelS 4909,

oF xjef Wizh BRkele] MAC Ak0] BARERAIN] el 245717} Ao/t 22HH, Aol H457]
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(h dFAEFAE T B0l EAF 71N A Jle Al 9 H3)

(FH-O 7|1E& 2AEFA ] 71e

(H-O-1. FHA=FA A2 olds 9%t 7MeE 7=

O CBR(Channel Busy Ratio) 7|4+ ZARER A0} 72 7} 2 dhgoli] A E4=E Yehl= CBRe 574
O olo wt zh 2FF ©re] CR(Channel-occupancy Ratio)2] Ztiztel CRlimit2 ZAg

O CRlimitol] BHA 2 2 S| HiAjz] A$7]8 Alofet

O CBR¥ CRE t}ea} zro] A ]A]—H[S]

- CBR &4 MHEI Y nofA] 28=]m, o] 13y} Zo] AHza]¢] noji 4% CBR()2 [n-100:n-1]9]
MBI Ao A vlg] HojH A YAGET =2 ot RSSI(Received Signal Strength Indicator)E 711
MBI = Aol

- CR S42 ABEE|Y noflA 3=, [n-ain-1]9] B QlofA ALE I AHEH AEAHD ] 2}
[n n+b]®] MEZ AN AF5 Flof ARSI & odE MEAES] 0] F 2 [n—aintb] Ul AEAE]

T TR e o= Foi.

CBR

[M&F7(7F 100ms T, CBRZF CR AHlAH 7HHP)]

O 3GPPE CBR 7H4< A 1670 ZHA L2 vz 4= Al 14519 o™, CBR #ke] ZF 2HAel| disf CRlimit2

A 2ol Al CR el

O 2% do] miAz] dgs & o, CBR gt 283 oiF 1t o= #gste] sig CRlimits .

;

O

CR Zro] CRlimitHct =0 2pF thhe CRlimito|sk2 CR gh& SooF &
O 3GPP TSG RANI 7]&EA o w7 E2 = A4Z7] Ao]2 Sagiong CR o utat 1427

Aol 3

O
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CBR measured CRIimit HEF|

CBR = 0.650 no limit 100ms
0.650 < CBR =0.675 1.6e-3 334ms
0.675 < CBR =0.700 1.5e-3 334ms
0.700 < CBR =0.725 1.4e-3 500ms
0.725 < CBR =0.750 1.3e-3 500ms
0.750 < CBR =0.800 1.2e-3 500ms
0.800 < CBR =0.825 1.1e-3 500ms
0.825 < CBR =0.850 1.0e-3 500ms
0.850 < CBR =0.875 0.9-3 1,000ms

0.875 < CBR 0.8e-3 1,000ms

[MCS7t 6 [, CBROil 2 M&F7|]
(H-@ A5t ZAFERA 7=
O LDM(Local Dynamic Map) 7i'g
- LDM=2 C-ITS(Cooperative-Intelligent Transport System) 71& 7S I8)l ITS 71Z]=1 7Hol weks]= Bt
¥ tlofelE Al&stal eS| A2str] flsh FHollA Ak 7lolw, ISOnternational Organization

for Standardization)2} ETSI(European Telecommunications Standards Institute)ollA] 7' Eo] A%
AEf %1[30]_

m

i
o
o
3

- LDM EZoHe F9 Ak B, E2AEE, o) 8 9742 LDM AH2 Hofsie, et
2O AT ARS 2EE a7
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o
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e

Bt 59 917, o1 FYF 1T S5 5 ofF

5%
rhe QE rr

ro,

9] o) A AEE Z3tsH= PVD(Probe Vehicle Data) HIAIAIS F712 o0& V2X
1:¥7]12]=(Road Side Unit, RSU)ol| Z&5k1!, MEC(Multi-access Edge Computing)oflA] o0& o]-g3s}od
LDMO] &4 AZo| zp5F 9D HaPap 5o 7], o]zeF 1|1 £ 5o JHE ZFAIRL.

w

] ~ v EEY HE (A B2
\//” . mmms@mi)

/ ‘ LDM(Local Dynamic Map)

{LDM 71>
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MEC(multi-access edge computing)

RSU

Channel congestion
o) and LDM information
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e

oos ]

[ ) EEEEER
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(WH-® 3GPP LTE C-V2X R.149A4 A BALZZGA 0] 7|&9] AEF7] A st

O

O

3GPP LTE C-V2X R.149A+= HAA] 24 A F7]E 100ms= Algtotal, 27T whet 2o 1s7H4]

A$1E 24Y 5 Y.
CBR 7|3t £4HE31A10] 7150l CBRE FAIAE] Fuhsoh AIZE HejE do]de] §3g e RSSkE
o1g3to] FAE] wRel, CBRE olgate] Aokt A BTel 25 HoH Tk A UE.

¥, LDM 713k BAEA0] Z1el4] LDMS] 54 AL 7 2 taold S48 917 2 ofs 4
ARl 7]55ke] 100ms 912 FHlolES] The, olF sldho 2t A thie] Ystei V2X B
AT} 93] YRS olgstel VIX BA AY H2 FUSH Ay we] S HEH 24T 4 UL
ufebd LDMe] 7|isto] 243718 24 4%, CBR 71 467718 A4ele 714urt 958 452

AsE = s

op

DM 71§t BAbedA|o] 7|&0] A47] HAsEE el 71E 7&t At 71&9] A5-& PDR(Packet Delivery
Ratio) ¥} IPG(Inter—Packet Gap) ¥4 BA51.0m, 200, 400, 600, 800, 1000t2] 21 Wi g ofA
3,

PDRY} IPGE th33 o] A,

PDRL F01x] B4 Aol BE 2j2F ot Ajolol] AE3H HX|72] FolA @5 glo] M4 wAz|] ulgel™

- IPGE st 41 2 D2 4 A= o Afoloj dEH oz oF §lo] 4lH 2719 HiAA] Afo]

Ok 22 2R T Wk 20002t 1000t} -3, LDM 7[RF Z4kegdAolel CBR 7|9 24egdA|o o]
PDR3} IPG 5 B¥HE Hlasto] Koz,

PDR A5 IHZ= 25 & 50417] Agjo] w2 PDRS Hol5H, PG CCDF(Complementary Cumulative
Distribution Function) /%6 1= Foi F4IA, = 100m o] F<417] Afojofx] @57 glo] HIAAIE
qEHoe Wi A7 7S e

O 2 o Wrof 2 A 24
- 200t PDR¥} IPG A% 4 (3GPP LTE C-V2X(Release 14))

v LDM DCC(100ms)&} LDM DCC(200, 300, 400ms) Arolell o] 15%2] PDR A% Ao]S ey,

v’ MCS7} 6 7%, Ims G 27]9] AEAES Soff 2709] FAxtes 4% webA LDM DCC(100ms)ollA]
TR L] TNet Al o Wik Zo] wjZe] HAZ7F FET el e 31, PDR 45|
dhEoR g

v/ HHH, LDM DCC(200, 300, 400ms)ollx] FAZES] A= 2 @ W Wt 37] gz HA|z]7}
=3 ggo] Hom, LDM DCC(200, 300, 400ms)Atole]l PDR A%s o]zt vlAE,

v CBR DCCE B A4F717F 100mse]2& LDM DCC(100ms)2} PDR Al5o] GAK

v' IPG CCDF g5 =5 B, y5 offf ol A= wAES SRIg 4 gk
CCDF7} 10-2, & Algdlold Alkset AAl AE A =29 9%+ &
7H.

v AR WAshs FEQ1 1%m
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v ufbA] 2000]9] Aol LDM 71§F BAREA019] 24 HE57]+= 100msY.
IPG (In-vehicle device density: 200)
“ PDR (In-vehicle device density: 200) , CCDF of the update delay for neighbors within 100m
10 T T T T T T T
S CBRDCC
- = = =LDM DCC(100ms)
el S T N ] e LDM DCC(200ms)
E—. ot i e LDM DCC(300ms)| 3
S ool —— DM DCC(400ms)
[
4 W
= o, 2l
Los5 Q10
E o -
D =
8 —b—CBR DCC
é 08T 4 -Lom DCC(100ms) 10° =
o ofieer | DM DCC(200ms)
=+@-~ DM DCC(300ms) | RN W,
0.75 || —¢—LDM pcc40oms) e —
N N | . | | 104 ] ] | | | i |
0 50 100 150 200 250 300 350 0 05 1 15 2 25 3 35 4
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]

[Xt2F b2k 25 200t 2ol PDRZ} PG M5 (BGPP LTE C-V2X(Release 14))]

- 1000t} PDR¥} IPG A% 24 (3GPP LTE C-V2X(Release 14))

v
v

LDM DCC(100ms)¢} LDM DCC(200, 300, 400ms) Ateloll Z|of 45%2] PDR A5 ZtolE UERH.
LDM DCC(200, 300, 400ms)oflA FAR-L0] A= 2 @t Wikt 27 wizo] HAZ7F S5
gFEo] EAY. LDM DCC(100ms)oli= szl &4of E5] § 2780, LDM DCC00, 300, 400ms)ilA]
7l SE2 b So1EAIN, s WAsh] wiizel A= PDR A5 2|7t .
CBR DCCE B A5F717F 1000mso]z%, LDM DCC(300ms)Ett PDR Aol ojzW LDM
DCC(200ms) Hrt Z-> F417] Aol A PDR 450l Hojdle &l & Qs
olF Tl FUT A T YoM ALF77t St wet HARE S5 B0l SolEAN U
w2 AEF7e w7 A% 22 AT d9FE THHES RIE 4 s
deloliEH, vEE e (RFE e Uk 1000t)olA= PDR 0%E WA & e $5471kE A7t
CBR DCCE= 73mel™, 200ms A&F71E 7= LDM DCCe 100m= 71
90%°] IPG= CBR DCC= 1000mse]™, 200ms AE71E 7H = LDM DCC= 200ms= &)7|24 0 & 74k
oepA e 2ol LDM DCCQ00ms)7F IPGE A4A7|HA, FA0 PDR Ass 7iieke 291 4~ 3=
IPG (In-vehicle device density: 1,000)
PDR (In-vehicle device density: 1,000) o r-CODF of the update delay for neighbors witin 100m
09 : ,Lr'_ CBR DCC
| - = =LDM DCC(100ms)
r08f 0 [ [ LDM DCC(200ms)
9;,07 107 Py e LDM DCC(300ms) |4
'S < ——LDM DCC{400ms)
€ 06 w
uff 8 102}
05 o
e
é 04| —_ztft?ﬁggg(mms) * N 107
o ot LDM DCC(200ms) “u
=-©-= DM DCC(300ms) R
——LDM DGG(400ms) ~4
0.3 : : : ‘ : . 107 : : : : : S
0 50 100 150 200 250 300 350 0 05 1 15 2 25 3 35 4
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]

[Rp=F otk 2= 1000c] 2HZollAM PDRZF IPG A= (BGPP LTE C-V2X(Release 14))]
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O ot A o g 20llM 9] %5 4= $lsi CBR 7HF ZAREAA|o]er LDM 7]9E 24 A ofof| A
240l HEF71E AHED 4%, PDRI IPG 52 BAIoH oy #9243
CBR 7|5t Z4kegdAolet vlaste] 7 e A4,

O PDR 712 9072} 5% § o}z C-TTSe] 72 ek AulAo] diaf C-VaXe] Al 710] 90%0l7]
o

R
LDM 7|5 Z4kestAlole) 24 Ag371=
O HE “deshd LDM 7[Ht ZAtestAol= AF
7|RE ZAREA o] vl L PDR& HASH

O shAEr CBR 7]t BAERAOTE A4 B st 37K %%, PGP §20%] 37Kk

O LDM 7§F 2AEgA o] 24 dgF710A Hi2l A8 99.99%E Tk 471 3F A=le 2o

PDR=0.9 PDR=0.95 | PDR=0.9999 IPG=0.9 IPG=0.95

200cH CBR DCC 200m 124m 15m 100ms 100ms

LDM DCC(100ms) +10m~* +11m* 16m +0ms= +0ms*

400CH CBR DCC 141m 64m ém 335ms 516ms
LDM DCC(200ms) +102m~* +92m* 17m -135ms* -316ms*

s00cH CBR DCC 167m 83m 8m 500ms 500ms
LDM DCC(200ms) —2mx +17m* 10m —-300ms* -300ms*

800c CBR DCC 94m 48m 4 .5m 1,000ms 1,000ms
LDM DCC(200ms) +35m~* +27m= 8m —-800ms* -800ms*

1 000CH CBR DCC 73m 37m 3.7m 1,000ms 1,000ms
’ LDM DCC(200ms) +27m* +19m= 6m -800ms* | -800ms*

[Z1H H&F7|9 LM 7|8k 2L EA oot CBR 7|8 24 & 019 ds Bl (BGPP LTE C-V2X(Release 14))]

2km U ApEF chab Ue CBR DCC M&F7| LDM DCC =& HM&F7|
200CH 100ms 100ms
400ty 334ms 200ms
600CH 500ms 200ms
800CH 1,000ms 200ms
1,000CH 1,000ms 200ms

—

[AHE o Lol g MEF7|]

O LDM9| 54 Aol ofsl 45 213 & SH{E AEE ol gsto, 2 AF S0l sig 2ol w2t

O 183 PHY&MAC cross—layer AlE2Eo[HE Sall, 2Fd &Y SF=e] TE LDM 7]8 2AEEAdA]| 0] <]
A wA2] AEF7E 5T

O LDM 7]%t B45g7]0] 71%0] CB
102m Z7MA715 E PGOIA w7 2k A% 744, 2 24 A4S 25 800ms F4AlZ 4 9heg kI
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O 3GPP LTE C-V2X R.15904% HAA] A AE F71E 20ms= dta, E-To] oet g 1s714]

<
20ms, 30ms, 40ms, 50ms2 Z£&sk= LDM DCC 7]&& AQtota!l 5= w49
O 3GPP LTE C-V2X R.15¢] 7l ¥, S A=A 274 99.99% 5 w=st= CBR DCC,
LDM DCC 7|&9] A= et Hs t}e ) 7he
O 53 3GPP LTE C-V2X R.159041 CBR DCC, LDM DCC 7|&¢] A& "zl AsF7]o] W2 delay
5 9

4N
N
=2,
i)
i
o>
-
o,
N
oo
N
ACh
rr

s, & AEY oA A7HEE AEAA AIRE B2 95%9] dgsie HAEAA(IPG)E eyt 2.
7l M3E 99.9%E MEXA A2 222
oHESk= S547| Hal | 95%E 2HESk= IPG (ms)

CBR DCC 18m 21ms

LDM DCC(20ms) 24m 20ms

40cH LDM DCC(30ms) 38m 30ms
LDM DCC(40ms) 48m 40ms

LDM DCC(50ms) 60m 50ms

CBR DCC 5m 334ms

LDM DCC(20ms) 8m 20ms

80cH LDM DCC(30ms) 31m 30ms
LDM DCC(40ms) 37m 40ms

LDM DCC(50ms) 42m 50ms

CBR DCC 3m 500ms

LDM DCC(20ms) 6m 20ms

120CH LDM DCC( 30ms) 16m 30ms
LDM DCC(40ms) 36m 40ms

LDM DCC(50ms) 42m 50ms

CBR DCC 2m 1000ms

LDM DCC(20ms) 4m 20ms

160CH LDM DCC(30ms) 10m 30ms
LDM DCC(40ms) 27m 40ms

LDM DCC(50ms) 27m 50ms

CBR DCC 2m 1000ms

LDM DCC(20ms) 2m 20ms

200CH LDM DCC(30ms) om 30ms
LDM DCC(40ms) 15m 40ms

LDM DCC(50ms) 15m 50ms
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IPG (T2} 2 40CH)

o CCDF of the update delay for neighbors within 100m
—CBRDCC

Zo. = = =LDM DCC(20ms)
=} 1 [ R LDM DCC(30ms)
o w0 |- LDM DCC(40ms) | 5
2 ———LDM DCC(50ms)
C 06} ;
& I I
2 3 102 i
=05 0 E
=
% —p—CBRDCC 3 I
5 04 11- 4 - Lom pec(20ms) 07 T

oot L DM DCC(30ms) § e W

--8-= LDM DCC(40ms) T, "o

——LDM DCC(50ms) R —— :

0.3 I I | . | | 10.4 - | | | ey
0 50 100 150 200 250 300 350 0 0.2 0.4 0.6 0.8 1
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]
[AtZ oheh U 400 2HHollA PDRZG PG S ]

IPG (X2} 2% 80LCH)
o CCDF of the update delay for neighbors within 100m
: ——CBRDCC
Zo. i - = =LDM DCC(20ms)
o ] | Y R B T LDM DCC(30ms)
o wteoo |- LDM DCC(40ms) | 5
32 E —— | DM DCC(50ms)
E 06 o |
> W
2 3 102 b
T 0.5 O :
o i
% ——CBRDCC i
g 0.4 |- 4 -LDM DCC(20ms) 107 ¢
st DM DCC(30ms)
-+-= LDM DCC(40ms)
== LDM DCC(50ms)
0.3 N 7 | . | | 10.4
0 50 100 150 200 250 300 350 0 1
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]
(At otz U 8ocH 2HAollAl PDRT IPG AHS]
PDR (At2 2T 1200H) IPG (X 2% 1200H)
1 . ‘ I o _CCDF of the update delay for neighbors within 100m
0.9 10° o . . . ‘
S TNy A i ——CBRDCC
F08 i - = =DM DCC(20ms)
a L N R LDM DCC(30ms)
L7t T ) E o LDM DCC(40ms) |
S : —— DM DGC(50ms)
C 06} :
P ~ I
o 8 Li:
205 S :
a) 4
T
X —p—CBR DCC
5 04 11- 4 - Lom pec(20ms)
wnder DM DCC(30ms)
~+@-= DM DCC(40ms)
== LDM DCC(50ms)
0.3 I I | . | | 10.4 | | | .
0 50 100 150 200 250 300 350 0 0.2 0.4 0.6 0.8 1
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]
[Xtg ot 2 1200 2RzollA PORZ} IPG Hs]
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IPG (X 2% 160CH)
1 o _ CCDF of the update delay for neighbors within 100m
09t 10° o . . . ‘

’ ; ——CBRDCC
Fo8¢f : - = =LDM DCC(20ms) H
o ] | R A LDM DCC(30ms)
L7t wreoo e LDM DCC(40ms) | 5
S : —— DM DGC(50ms)
E 06 I

L I
05‘ 8 102 Hé
g 057 O B
a
T
% —p—CBR DCC e ,
o 0.4 1= 4 -LDM DCC(20ms) K| 107 F
wnder DM DCC(30ms)
-+@-= DM DCC(40ms)
== LDM DCC(50ms)
0.3 T T | | | 10.4 | | | .
0 50 100 150 200 250 300 350 0 02 0.4 06 0.8 1
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]
[Atg otz U= 160CH 2HAHollA PDRTF IPG A S]
PG (X2 25 2000H)
1 o _CCDF of the update delay for neighbors within 100m
09k 0" [ T T T T
i ——CBRDCC
Fosf : = = =LDM DCC(20ms) |4
o - | N . LDM DCC(30ms)
L7t wre oo e LDM DCC(40ms) | 5
ie] i ——LDM DCC(50ms)
E 06 I
= L. I3
g 8102}
S05¢ O
a
T
% —p—CBR DCC ,
& 041~ < -Lom Dec(2oms) N 107 ¢
ot | DM DCC(30ms) <,
--8-= LDM DCC{40ms) b
—— DM DCC(50ms) X

0.3 T T | | | 10.4 | | | .

0 50 100 150 200 250 300 350 0 02 0.4 06 0.8 1
Tx-Rx distance (m) Inter-packet Gap (IPG) [s]
(At otz L 200cH 2HAHolA PDRTE IPG AS]

3GPP LTE C-V2X R.15°|4 CBR DCC2} Hu sk Aot

5= LDM DCC(20, 30, 40 ,50ms)oll 4]

PDR 99.99%E WZsh= 44171 7F A=7E o 2 S 7HRA, SAlo AE5Ade o A2
e 71A= LDM DCCe dAEF712 4 dEF7=2 24T

wHebA 2 Ei 40, 80, 120, 160, 12]a 200do]A4 CBR DCCell Hlsf /450l Fold LDM DCCe
24 35771 0msele TRIT 5 L.
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