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DL,
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HE,
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PR BIEEL S D RIA A,
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Medi@{s . Sidelink,
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Fro —2DOEMBNR—DE B O L E SR — T 5,

NB (node B)iZ. WCDMA [Z5\F 5 A H,
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¢NB (g node B)iZ. NR 23515 3 HH,
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AW TR EIEE & @lE 3 2 2EE TR EE & 3 R & 13 R o

LEE THEOR(E T RE TR ENE L@
el BB EZ WD 2 &b b D,

BHEAET. xRy NU—T LD
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HFE TH- T, YBEhaE ) — A IR ER A% B S BRR U
HEHLTWAHE,
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MNO D42 BEhmE— A 2FH LT, XX MNO &8 L
T, BEhEEV—E 22t 2 EXBEFREE TH- T, LiLBH
BEV—ERBRIERFTZHOHZR L TBLT o, EHZ LT
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Identity Module)

HEREEOMAEL L O T 58 +F 2RI 5T 2
—THY, KBEETO'BL T —Fy NU—ZIZB XU T
WCBWTRKRERKEEZRZL TS,

MEC (Mobile Edge

vV T—Fy NU—IHNDI T RT, TV r—varylb YDz

Computing) VB a—T 4 U ITRT—HR— AT I AELTHDTIERL, BT
—x v MU — 7 WOREHRITEEC 2 7 NI, AL IE DRI & &
HHE LT, TNoOEEEREZFFSZ &,
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(1) VeNUAIGEIZ) & (2) V2V/V2IV2PORIEIE) & 1o KB T 5,

(1) Tk 5 MNO O
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ARz LBET2 0023V, ASARLEHBFEEY 2— AR E, BURFEH—E 200
Lo TS, 728, ZNEHEBEMOBEIZHVLEAIL V2NV IS 7 ' V2N & v
V2X —EAOEBJEREL LT V2N2X Li#fiah2 2 & bd D, (2) 13K & imARlR t TR,
EANANFEEFZEOEMBEZRAETBEET 20045 5, IHROEEIZIZETL, 74—V b
FGATINDT =2— AT D,

1.2.1 JRiG@EfE (V2N) AR

> WRNOLEASAANEEEORMBERA LBEETILOEV D, a7 E S LR
ERHWTHE 22T TG ZAT 5 2 & CIREuRE 2 1R 5,
> E, SR~ SIM U — R eSIM ##5 L, ENANFEEF LN (BT 27 )T
v) LCRIAT 21, —icix= 7/ e SR (B, 7> 7 7. B 13X MNO #
ICRE I D,
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> KIS, SR O—EO M T by 7 ZEH L TCa T I AT, TR L—F
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> T X OEEHIEITERE L 3 Sh, FEEIN TV LD, BRI Z1T o -5 A b ilE ik
BELOEROBLACTREMN, SR, BIERIER &2 AT 5 6O TR,
> JRIGE(E T Rel-14 TE SIVZMAR & iR R+ CHEBEEE 2 P s A o kR 6E

1 1.9GHz 7 ® sXGP (shared eXtended Global Platform). 900MHz #5 H ‘= HBEENRE > AT A
~® LTE #FP& A, 2.4GHz #=° 5GHz i ZFIH 7 %5 MulteFire 72 &, ENA NVFHEHFDT A
AR E AR WAE LTE Tldie52 bbb 5,

2 MNO R0, &5 WEMNO & MVNO & O CTHEZFEO, )RR IESAS L= 7o
—HEILHT 5 Z LT, [EAVe & — B RGPS ToORE A EBLT D A

33GPP IZ Lo T, MFIRLRFED A MECURIE, SR, Ny b X7 LTS U T 15 B (Release

14 OGE) OELIENL (QCI: QoS Class Identifier) 2D B TW5,  #ilzx L., VoLTE OF

DEHIZ, BEUNTIRN LY —ERADOHEE., HERGESH Y . BSEE 2, EET 100ms BLT &

WO BERNEML 23 E W) QCI=1 R E SN TWD, —F, WebBESA—/LDI IV TIVEA L

PEAMEN T — B 2 OGE ITHIRRGED S R WESEIEAL OV QCT MRE S ND DN Th

%o
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OFFITHH TR,

> FlZa=F ¥y A M CEAINLTVAR, v L FF v 2k (eMBMS., SC-PTM) # £ #(k X
L. eMBMS IZOWTIEENTIEZ 4 —/V R IFA T AO7 = —XTh Y [11][12], ES T
BEAESALTVWEELH D,

> BURFEAY —EZ20H0iE LTE THEH2, 13 A ED0HEKED GSM, WCDMA,
HSDPA/HSUPA & W o 72tk DOBM YR — 45 2 L TREDHRKOLZ T R— 9
D%y U=k pEHE A AR — R LCE Y, LTE (280 T H A OB 25 0 x
v MU= ICBT 2 EBHREOIAFEEZ R L TETBVABR BRIy NV —7 OHH7
PEIMR SN D Z EBWIFFCE 5, FEMRENMARRNICH ORIl ETTH 2 & T,
Iy N =28 D IEM A2 R L2 S LTE SO H THH- 22 iE2BimL Tun
%o

1.2.2 sefimis (V2V/V2I/V2P) s

> R EERFE L CEEE, T AFEEORMBEZREETEET I LOE VY, TDOR
. SR AR D IAEGEGE I T BERREEECITHIBR A B 2 A, SRS T i@
BIDZENAHRETH Y. EIHGEE IS T IV EVRE CEEN TE 5, INiE(E o &
2T, Rel- 14 TER SN V2X HOFEENNHTH 5,

> SIM OFEIFMATRL, BN NVFHEL L O LICHBENRARETH D, D7D,
HHEREE WD Z 8T, RRBE DTN N REEENR S5 mRE L ThoTHHE
BwEN R L D,

> BE~BT A MREDO T v NOREBIEEEICFH L LIZBE I THY, @7 —F L —
NBEIFEE ST

» FEIIT7r—FXy A FNTOEMAPEEIN TS, EERMK LT =F v XA b ARET
H%,

> WA TORRIEHSEE & PElGBEHEEEE E 0 X I L CEBT 0T, WA E I
F o7y FOREKF L IR DN IRBGE(E & PBOEE IV D R ERE L T D &
W o lr— A7 E R BRI, TRIEGRIEHERE & HEGE (S HE R 1L Z AL E AUV T OB E A AR T
EAARITER LTV %, SZENEDSEE L W E ISP E DX E 2@ S ¥ 5 2 L3 rlRE
Th D,

> Rel-15LTE V2X O¥iA L Rel. 14 LTE V2X FHY ORE DA L T 5D, Z£D7-% Rel-14 O
Ui A & Rel-15 DU R ANRAE L7285 T CIEN T 25813, A 21815 % Rel. 14 72 L€
KOBEHETEZTDHIE TRy 7 T—=Rar T U7 1 ORI TE 5,

> BRI KO Congestion control 2MEHE(L STV 5, EELHIEZ 1T 7256 b idfE M
REZHRT 5B D TIEZRW,
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> EJEHIENIC OV TIE TS23.285 [101 0 4.4.5.1 T2 T, network scheduled operation
mode (mode3) & UE autonomous resources selection mode (mode4) 7 T &5
254t mode3 DRI BN ] S5 5. moded DRI BN S5 &ENZENENE
#HasnTna, PCs #FIH7 5iE(E121E, TS23.303 @ 5.4.6.1 [Zit#i ST\ % PPPP
(ProSe Per-Packet Priority) [11]DfL#HA 3@ H 415, PPPP (21 8 DDEILEE 7 T 2
W 5D B 21T PPPP O#ESEE 1 %2 LTE @ QCI(1.2.1 /)1 £721% 2 1TktS 1T 572 &,
Whd I~y BT IZONWTHIEELINTEL T, S%ORED—2OTH D,

1.2.3 U bo®EA

Rel-8 LTE#A

Rel-9 eMBMSEA (Fh7mr—K¥y A L)
Rel-12D2D (VX7 U v 7 & —7 7 ¢ [ PEGE(E) A
Rel-13 SC-PTM EA (FVW 7 — R¥ ¥ X )

Rel-14 V2V/V2X [a]i7 D2D fEAE A, SC-PTM for V2X
Rel-15 D2D O, 2 A AA vy MEfEEE A

vV V V V V VY

1.2.4 JEEE ORI
> (D JRiusfE (V2N)
< BARTHbDNI TV S JEHEE: 7T00MHz, 800MHz, 900MHz, 1.5GHz, 1.7GHz, 2.0GHz
KO 3.4GHz #r
S AR R EEHCEKED - 118 3139 T (2018.12 )
< EWNTIE V2N Z8E L 72 EREEBRCEANGE b 35 S v T 5 [11114][15]
> WA TH V2N & VW2 EREER D I S T 5 [16]
> (2) PguE(E (V2V/V2I/V2P)
> BEfFO LTE & [R— )8 CORMEMITE IR E L S Tn 523, EA R
WEECTH Y, HHBEESEEINEBY . 3GPP TiX 58555925 MHz O J& i 573
BilbshTuna[17]
< [EWNTIE 5.8GHz #r O EERABR[ARFTIZ L D7 4 — /L R T4 T v E it o
7 = — A Th 514115, BHEIZ L 5B C. Connected Car #h2xD3EH
ZIANT 72 BEAE ITS FERR > A 7 L&A 55T 2 87 22 M7 o 2 7 I O HAT ) G55 1T B
T HFAERG B EM STV D
< HIETIE 5905 — 5925 MHz @ 20 MHz #IEOEI 0 4 THARE N TEH Y [18], K
BURL 7 4 —/L F h T A T AREN T EORF N THh T 5[19],
& K TIE 5GAA 72 £ C 5.9 GHz # @ ITS & # ¢ o LTE V2V/V2I/V2P i Al e
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(BT B MEt AT T 5 [20][23]

1.3 5G BXLT'NR

1.3.1 (L O E) A

# 5 HARIEEMEE L AT L (5G) TlE, mEREEBEDO I L5 mE  (eMBB : enhanced
Mobile BroadBand) . 4 [k & £+ 5~ % A 7@ (mMTC : massive Machine Type
Communications) ., # = 1E#H - BWIKIFELHIE (URLLC: Ultra-Reliable and Low Latency
Communications) 72 S FIFRFHACFT VA EZYFR— T2 ERPFHEIL TS [22],
3GPP TlX. LTE OfriEE LT? 5G 2%, LTE, LTE-Advanced & ® 572t )5 Atk %
M LREBRTFA VN FIADDF TR T 7 v 2 5K THDH NR (New Radio) DEEAEMFR{LA
ITONTETWND, NR TR EIERFH TV AZZE L LT, BEF LTE TRIHENTE
JEREEGHE TN A 100 GHz 2R &£ TOmMEEH OMM 2 E L, FRRERA > F 7 = —ZD
AL, @ JEECT 1T U 7z SRR RR AR O SR E 21T > T & T\ 5 [25],

NR Ti%.2018 4 6 A & TiZ 74417z Release 15 (23 THIR DFEAEMAR DN K E S 4172, Release
15 NR Ti%, eMBB & URLLC # % —7% v k& LTcHARIL2MTOIL T YD, 20204 3 A £ TIZT
E I TS Release 16 IZBWT U E—h K7 A 7D —Rr—R% 5T URLLC OEHEE DM
R0 NR A U7 @ E Ok 72 ERk 2 2R4LEMTHO S, mMTC & L TIE LTE 2K
L7z NB-IoT X° LTE-M O#LENTHOI TV 5, F7- Release 15 NR Ik Ti&, / A X N7
n—r LREEN S, NR & LTE 258 hE T ) 7 2Rt 2L | A& R m—r LIFE
5. NR BT Y 7 2424 50 2 FBEHOIEEL VR — F g ftRkb2Thh T\ 5,
JUARBZ L RT R BIORAZ L RTr—rDELLDOBETH, NR OO ALy Px ) 7HZ
BT LTE b L<IZZENLIRTO /LT — R 2 RI@E P R— LTV Ry hU—7
X T D E A MR L T D,

1.3.2 ERNTOEKEER O — A RHATE

HAREMNICIB W TIE 5G T OF A & LT, 3.6 4.1 GHz, 4.5 4.6 GHz, 27.0 — 28.2 GHz,
29.1-29.5 GHz D& T A VFEFIZHI 0 Y Toniz[26], Iz THEHD 5G JEEBIZOVWTY
BatShTWnw5b, £7- 3GPP A TIZBEF LTE O EWE# S NR & L THAEM LS TR Y. 700,
800, 900 MHz, 1.7, 2, 2.5 GHz # 72 Etakfb ST 5 [27], EWNICEIT 5 5G B — b 2 &
BHIC DWW TIE, H— B R RO, Y — B ANFIC K - TR, B FIEN R 5 2
EREEND T2, BIRFA T —EARBANELIRANDL Z L IFRETH L, /o AZ R
7u—i@EHZ{EH L Release 15 NR & LTE Z#lAGbE 77— 2 EHS, Release 15 LTE 11
BATER L — X BEZREN 5G —E 20 —flL LTHREEND, BREEOHEENTIZ, 2 4
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LINE L U6 LN U 7RISR IR ST 5 [28],

HoEE

ARETIX, BT VX Z AW LFENENE D RN H D 2 — 2 — A2 &EET 5, 22—
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L= R — A DETE

A —ADEFEITY o> TR, U FOFEHEZRE L7,
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(GRENREEAA—)
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ErI1E IR (<1 month)

X 2.1

FIv I~y e EETERETS
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BEAEHOEHE
FraoH=

Hag

PIRIRT $4BRE94 /A" 3V BRET 0T 5k (SIP) YUk° ¥° 952014 7° & v ERIASEBUAER

BEPEE e
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HFTEOFE
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MAC
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configured [34]) X TEY | HARNITHKMN S o HilkfE /87 2 — 2 ISV THRARDBIEH T
FIHRIRE /N T A —Z I\ ZFEDS W BJHEGETE 21T 9, Pre-configuration TIXHERR/ T A — & H3ERJE -
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TESNAPIGEE A O/RT A =2 OEFHEIIE LT, NT7 A —ZFHRY— "N EELT—F v b
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3.2.4 £ MNO xt)i&s
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BT 72 AP EENY LA TIE AR, T oM, BEE TR Sh TV b a—1 5G[36] KED
Public safety LTE o X 5 (25 & EL & 3 JE B 2k oo R H 72 S8 5081 0 24 CoE A RE § AlhE
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messaging (2 DOV T E 23 5, Flommat s LT371[88]13% %,

331 BET—F7 7 F %
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V2NiB{E
V2X Application V2X Application
(TLS) (TLS)
TCP/UDP TCP/UDP
IP 1P 1P IP
Relay
pDCP GTP-U
Uu PDCP GTP-U
RLC RLC UDP/IP UDP/IP L1/L2 L1/L2
MAC MAC L2 L2
PHY PHY L1 — ---- o L1
iR Hith5 P-GW VX7 U —2 35—\

X 3.6 V2N 7u hajzx& v 7 f]

LTE ®* v N =7 3@ 5 2kEA4A— NV IP OV AT LA THY, IP 27 v ME P-GW Z41 L
TR & V2X 77U r—va o — O Tk S, BH oM S-GW (3FIEAY I HfE S
N2,IP KV BT\ k313 3GPP AR THRIZED BTz b Di37e < (ERGAFIZIE U T IETF

(Internet Engineering Task Force) 72 & THE I L TWAD A ¥ —x v MEESK MK O ITS 1+
BREFIRATHALEND D, LA VRS LTEDDREHFP, A KT 0 REEHET X
HPH OB NN TH D,

V2N2V O L Hixy hU—27 20 L T REINBIEEZITOHE. D7 &b IP BTl RIx
V2X 77 r—va = REDBEEITY, V2ZN2V O 71 ha)L Ak v 7&K 3.7 1257,
O DHM)F - S/IP-GW, BLOVIP B FIXEME LT,
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(TLS) (TLS) (TLS)
TCP/UDP TCP/UDP TCP/UDP
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3.3.3 Geo-messaging

Downlink THaARIZxF L TIH#MAME 21T 2 BRICV2X 7 7V 7r—3 g Y — M Tl R AL E 1 72
EICESEEMEH G2 RET HUNENMETH Y . 2% Geormessaging & 5, LU IZZE O
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Do
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3.8 V2N DL EfZ 23317 % Geo-messaging
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vaxr 7y =y . ] BiEw -2

Py KN B @ ] :
=g BYETU7ICXT B enf -
#EwowyeEyy T TN ) )
‘1, \ \ BETU7ICNTS  EEIUTICHTS
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A.2 LTE V2X (PC5; V2V/V2I/V2P) D@ HRE D Hrik

A 2.2 IS T, V2V T 7Rt - [FlEE 2 ER T& D alfEEn H 5 ) BL O [ LTE i3
WEFRICHERTCZERERNBVHREENT LN TES ] Li#i L LTE V2X (PC5 :
V2V/V2I/V2P) DidfEMEREDFHRIC DWW THIR T 5, ZOft, FE TEM S 72 EIEFEROMHER b
AR STV 5 [15][23],

Link Design (1 of 2)
Challenges

ITS spectrum @ 6 GHz

Max vehicle speed of 250 kph <> max relative speed is 500 kph
At 6 GHz, 2700Hz Doppler shift < channel variation within a subframe

Up to 0.3ppm frequency offset
At carrier frequency of 6GHz <~ 1800Hz

V2V
PSCCH : Assignment Channel for sidelink
PSSCH : Data Channel for sidelink
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Link Design (2 of 2)

Solutions

100 ¢

—— 140 + 140 km/h, 18 RBs
— 250 + 250 km/h, 18 RBs
w250 + 250 km/h, 48 RBs

= High reference signal density with regular spacing .|
- Symbol location: #2, #5, #8, #11

BLER

Last symbol is used
for Tx-Rx turnaroun
and downlink timing

@ NOI’ma| CP (""SUS) Supported adjustment 107
¢ Intra-symbol estimation of frequency offset

. Pre-specified Iimits on MCS #RBS #TX 300 bytes, QPSK, two Tx, random frequency error
- Possibly based on speed and synchronization source

Reference signal

SNR (dB)

PSSCH and PSCCH (1 of 2)

Intra subframe PSSCH and PSCCH transmission

+ PSSCH and PSCCH transmitted on the same subframe
- Separate DFT and reference signals (two cluster SC-FDM)
- Same subframe transmissions reduces the impact of in-band emissions
- Reduces issues related to half duplex operation I "°‘ adjacent

PSCCH

+ PSSCH and PSCCH may or may not be adjacent in frequency
- Depends on the resource pool (pre)configuration
- We simulate adjacent case => lower MPR PSSCH
« Same open loop power control parameters are used for both channels
- 3 dB PSD boosting for PSCCH == try to make sure that control does not become the bottleneck
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PSSCH and PSCCH (2 of 2)

Details

One PSCCH transmitted for each PSSCH on the same subframe

No combining of PSCCH retransmission

Number of RBs = 2

Blind detection of cyclic shift to improve PSCCH to PSCCH interference
Group id (u) fixed to 8 <> better performance for high frequency offset

Max number of transmissions = 2

RV ID sequence for HARQ transmissions are given by 0, 2

Maximum distance between initial transmission and HARQ retransmission is 15
Various phy parameters are a function of PSCCH CRC

C-V2X range benefits from multiple reasons

Longer transmission time: allows for higher energy per information bit
Enabled by synchronization which allows frequency multiplexing

HARQ : Enables higher energy per information and more time/frequency diversity

Channel estimation: More density in frequency makes less susceptible to multi-
path

Coding: Turbo coding typically provides for more coding gain compared to
convolution coding

Waveform: SC-FDM allows for higher Tx power due to lower PAPR
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C-V2V - PC5 Transmission Modes
Modes 3 and 4 - Default is Mode 4

> Mode 3
— eNB scheduled resource selection

° Mode 4

~ Autonomous resource selection without eNB scheduling

- Uses sensing with semi-persistent transmission & frequency domain LBT
- Semi-persistent transmission allows one to take advantage of semi-periodic traffic arrival
- Uses past interference patterns to predict the future

- Random selection/energy based selection allowed for one shot transmissions

- Sensing <> combination of priority information, energy sensing, PSCCH decoding

~ Energy sensing < Rank resources according to energy received and pick low energy resource

~ PSCCH decoding < Avoid resources for whom control is decoded and received energy is above a
threshold

- Priority & Avoid resources that are being used for higher priority packet transmission

Mode 4 Resource Selection Concept
Choose resources with close to lowest relative energy level

Measure received energy on

Rank resources based on 3 Choose one of the lowest

1 resources that meet the latency
requirement

energy resource for
transmission

received energy

‘I’ @ - ‘I’ Choose 20% lowest relative
energy resource blocks
and a packet is always sent

Target Iatencx requirement witha selected block: lowest relative
® Packet transmission within a EnErgy.Fesources

Resource Pool Highest
8

Choose one of the

Frequency

Frequency

; : received given time is ensured. ®; ReZoGrcePoo!

energy
Time

L t
ale

Time
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A.83 LTE V2X (PC5; V2V/V2I/V2P) O~ NLTF 7 7+ A FRIe EISERIRT B IEFE~D 2

A 2.2 FICT, “BRitA ML T AHEE” L LTET-, ““AF 772700 SIciElT 5%
PERE~DEE” ([ZHOWTHET D,

Note: Any multi-access schemes have potential packet collision or performance degradation.
However, LTE-V2X PC5 mode 4 has additional aspects that do not exist in other multi-access
schemes. This Appendix describes those aspects unique to LTE-V2X PC5 mode 4 that requires
further study.

Rel-14 LTE-V2X PC5: PHY Aspects

PSCCH (for SCl or TB) PSSCH (for TB)
/

d for channel _
AGC  DMRS U oo Gap 43 g 02 PR
/ s /
/ / / E n PRB
>
O|1({2(3|4|5(6(7|8[9(10[II|I2]I3 gl a3
)
5
< | subframe (Ims) —————] s
AGC: Automatic Gain Control Subframe
DMRS: DeModulation Reference Signal PSCCH: Physical Sidelink Control Channel Time
PSSCH: Physical Sidelink Shared Channel
SCI: Sidelink Control Information
TB: Transport Block
Access Scheme SC-FDMA
Modulation QPSK, 16QAM
Channel Coding Turbo Coding (for data),
Tail Biting Convolutional code (for control)
System Bandwidth 10,20 MHz
Sub-Carrier Spacing 15 kHz
Cyclic Prefix Length Normal: 4.7 ps
# of MIMO streams |

p.1
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Rel-14 LTE-V2X PC5 Mode 4:
Semi-Persistent Scheduling (SPS)

R e

Same Resource Interval

Resource Reselection

Resource Reservation
| <

~

Frequency

/A\ et T~

Resource Reservation

e SPS is used for LTE-V2X PCS5 to efficiently support
periodic message traffics.

— Keep using the same resource with a fixed time interval

Time

— Explicitly indicate the use of the next resource for the next transmission
(i.e., resource reservation)

— Reselect the resource after several transmissions with a certain

probability

Rel-14 LTE-V2X PC5 Mode 4:
Channel Access Procedure of SPS

Sensing-Based

Resource Selection ,”
1
1

Background Sensing
(1000ms)

7

Determination of
available resources
by excluding reserved
resources

v

Uniform random selection of
resources among available 20%
resources with lowest received

energy
(linear average with 100ms
interval)

~ -

v

Set reselection counter

uniformly in [5, I5]

Decrement the
counter every
transmission

Keep current

resources?
(with preconfigured
probability pyec, *)

* Precp takes a value in {0, 0.2, 0.4, 0.6, 0.8}.

p.2
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Rel-14 LTE-V2X PC5 Mode 4:
Sensing-Based Resource Selection

Determination of available Uniform random selection of resources
among available 20% resources with

Background Sensing .
resources b)’ eXdUdmg ] lowest received ener;
(1000ms) . &
OCCUPIed resources (linear average with 100ms interval)

T,£4ms,20<T,<100 ms
Selection of T; and T, are up to UE implementation

Sensing Period Selection Wind)cy
Sub-channel (1000ms) (T,ST<T, Next Transmission
size =T T
[T T T TTTTT TTTTTT T ---§]
Detection of occupied resources i h
& by other UEs based on: % * % % E
g - = Resource reservation R Pt
g (SCI decoding) ‘\-.: Resource Resgrvatiop
W= « |SIRSS| measurement H"‘\ (the configurable interval is
i e I R [20, 50, 100, 200, ...., 1000] msec)
——— Resoche \ Available (unused) resources
Time Occupied resources

(re)selection

trigger Selected resources for PSCCH & PSSCH

In case that the retransmission feature is enabled, if some resources (same frequency resources) are available within

15ms from the initial transmission, resources for retransmission are randomly selected among available resources. p.4
]
Factors Affecting LTE-V2X PC5
Mode 4 Performance (1/2)
Persistent Packet Collisions Near-Far effect
; (In-Band Emission Interference)
Semi-persistent scheduling TXT @
- Tx #Is Tx #2’s
§ /_\*‘/—\‘ " Received Signal Signal
£ I:l] UE #I Rxg Power
v Packet' - | 1 'Packet i 1 IPacket . = . at Rx Interference!
| O TR ety TXT ? % -
_ — ) requency
Time @
UE #2 Sub-channel I Sub-channel 2
Persistent Half Duplex a a a
Semi-persistent scheduling TXT @ Tx #1 Rx Tx #2
p.5
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Factors Affecting LTE-V2X PC5
Mode 4 Performance (1/2)

Note:
*  Persistent packet collisions, persistent half duplex and near-far effect can be mitigated by blind
retransmission (HARQ) and geo-zoning resource selection.

» ltis not sure whether repetition is disabled on congestion. Congestion control can be
performed by adjusting MCS, i.e., using higher order modulation or coding rate. However,
using a higher MCS has some factors affecting to communication range. One is required
higher CN values, it reduce communication range.Another is increase power spectrum
density, it improve communication range. Since there are factors that work both positive
and negative in communication range, more quantitative analysis is needed to assess the
impact of congestion control for V2X services.

» Geo zoning may not provide meaningful improvement. Instead, geo zoning will introduce
inefficient spectrum utilization by reducing resource candidate from UE perspective.

*  Persistent half duplex and near-far effect due to in-band emission can be avoided by disabling
FDMA. However, there are pros and cons when FDMA is disabled. One of the cons is the
reduced power spectrum density, and thus the reduced communication range.Another cons is
that the number of vehicles that can be accommodated in the same area would be reduced due
to reduced number of resource candidates in the frequency domain in each subframe. One of the
pros is the improved spatial spectrum reuse by virtue of the reduced communication range.
Another pros is the improved communication range by using a lower MCS as more number of
resource blocks in the frequency domain can be allocated to each vehicle. Since there are pros
and cons when FDMA is disabled to mitigate persistent half duplex and near-far effect, more
quantitative analysis is needed to assess the impact of these effects for safety services.

Factors Affecting LTE-V2X PC5
Mode 4 Performance (1/2)

Note:

* Half-duplex issue is a common problem for any wireless communication systems when a vehicle
uses the same channel for transmission and reception. However, the sub-channelization and SPS
of LTE-V2X PC5 mode 4 cause persistent half-duplex (i.e., two vehicles using different
subchannels in the same subframe for transmission cannot receive the other's packets
consecutively).

*  Cross-channel interference is another common problem for any wireless communication
systems when multiple adjacent channels are used by each vehicle for transmission and reception.
However, in addition to cross-channel interference, the sub-channelization of LTE-V2X PC5
mode 4 in a channel causes in-band emission interference (i.e., interference among different
subchannels in the channel).

*  Assuming IBE, Tx UEs which are in the vicinity each other may avoid selecting FDMed resource at
least if FDMed resource has strong reception power where RSSI of adjacent resource has some
RSSI level due to IBE. However, depending on the positions of Tx UEs, hidden terminal UEs may
not be able to avoid selecting the FDMed resources with IBE. In addition, avoiding FDMed
resources due to IBE may result in a limited number of similar candidate resources in resource
selection and affect the occurrence probability of Persistent Packet Collisions. So, it is necessary
to quantitatively evaluate its impact.

p.6
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Factors Affecting LTE-V2X PC5
Mode 4 Performance (2/2)

Support of variable message Interval Support of variable message sizes
. Semi-persistent scheduling o Semi-persistent scheduling
{11 AN YA § {1 DA M
Rad
X [ms] X [ms] Ims subframe (fixed)
Time Time
The allowed resource interval X [ms] is limited to: Fixed size of time-frequency  # of RBs (fixed)
{20, 50, 100, 200, 300, ..., 1000} [ms] resource in each SPS in each SPS
ETSI CAM interval can dynamically change* ETSI CAM message size can dynamlcally change*
! ﬁ| . .
A
é | R |\ i ‘ [ wJ “'\”r_ P.IL A
R ) n | | | ”
* https://mentor.ieee.org/802.1 1/den/11-18-173 1 CAM: Cooperative Awareness Message

p.8

Factors Affecting LTE-V2X PC5
Mode 4 Performance (2/2)

Note:
*  Potential impact of variable message interval and message size
» Variable message interval --> unused reserved resources and frequent resource reselection,
i.e., I) UE reserves certain resources, but those resources may not be used for transmission
due to resource reselection, and 2) frequent resource reselection caused by message
interval change potentially increase packet collision.
» Variable message size --> variable MCS causes a reduced communication range for bigger
messages (e.g., shorter communication range for messages with full security certificate than
messages with certificate digest)

p.9
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