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F-21: PC5 Tx Mode4 vs. IEEE802.11p (1/3)
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C-V2X 7]% H]1. #4]: PC5 Tx Mode4 vs. IEEE802.11p (2/3)
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C-V2X 7% H]1 #4]: PC5 Tx Mode4 vs. IEEE802.11p (3/3)
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3GPP C-V2X Phase 1: LTE-V2X

Sa-71A % (Uu) Qe 254 715 A

25kl 3 SPS(Semi Persistence Scheduling) M|M(=2| A Y) sA| 2™ = 8747tX| X| &
eMBMS I SC-PTMO| A V2X X| &g QIst B2 7| AHEY 7|5 F7t
V2X MH|A 8% (50ms X| S, 99% K& A2 2)of Hatst QCI ™o|

Packet Error
- Resource Type Priority Level Packet Delay Budget Example Services

50 ms 10-3 Real Time Gaming, V2X messages (unicast)
2.5 50 ms 10-2 V2X messages (broadcast)
6.5 50 ms 10-2 V2X messages (unicast)

_’GFurum

| UEA I | |UEB I
| | |
I I
e o+ |
I b : '
| |
[Re b e | e bl | B | B | B e
I ' Iy '
| |
| | |
| |
1| PHY - PHY !
= I Pcs-Cc ! —________ I
(@) AF8AHEH Z2EZ AH (b) MoOjBEH Z2EZ A 5 1 z 3 4 5 & F § 37 B N B I

1% 0|5H XY HEX HEMT(DMRS) I M7

Sidelink SPS AAH|&E 2! 7|8t Tx mode 3 X2 A™ 7|8 AA|: X|CH 87 2| sidelinke SPS MM
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3GPP C-V2X Phase 2: LTE-eV2X

« X|CH 871 2| sidelink carrier aggregation X|: Tt 5240t 72| 0{& PPPP B! CBROj| 7|Etst 72| 0f MEH 7| H

« Sidelink 64QAM ® & X| &

« Sidelink reliability 2FA&= 2|ot PDCP 2j|®#! packet duplication & 7| H
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3GPP C-V2X Phase 3: NR-V2X

RAN#83b(‘19.3) =<1 WID 58 workscope (RP-190766: New WID on 5G V2X with NR sidelink)

* NR sidelink design: support of unicast/groupcast/broadcast and also considering in-network/out-of-

network/partial network coverage

v Support of sidelink signals, channels, BWP, and resource pools

v" Resource allocation modes: Model(schedulingZ|8F), Mode2I# (Ml A S Xt MEH 7|HH) — Mode 1/2 sA| £+ S UE
relaying X| & =gt

Sidelink synchronization mechanism

Solutions for ‘'non co-channel’ in-device coexistence btw. LTE and NR sidelink — TDM or FDM based

Sidelink physical layer procedures: HARQ, CSI acquisition for unicast, power control

Congestion control

Sidelink L2/L3 protocols and signaling: RRC, MAC, RLC, PDCP, and SDAP, AS level link management for unicast

Network solutions to support NR sidelink

D N N N N N NN

UE Tx and Rx RF requirement

v" RRM core requirement

« Specify support for NR Uu to provide control for LTE sidelink
v Sidelink mode4
v Sidelink mode3-link RRC-configured SPS scheduling with either RRC-based or DCI-based activation/deactivation

« Specify UE report to assist gNB scheduling

« Specifiy support for QoS management

5G) 15
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C-V2XO A|F o] 5: WEAIL AP E A

C-V2X9| BM XM ME 2o 2 WAVE/DSRC(802.11p) CHH| X}2F Ap110f CH3t
AHE XSt XHHOIM LSt O|S & M 3ol A& B4

EU T 2 AL Al E 4| 7|HEO 2 Cellular V2XQF Al AJAME 2 M A}

Reference: “ An assessment of LTE-V2X (PC5) and 802.11p direct communications technologies for improved road
safety in the EU”, 5G Automotive Association, Dec. 5th 2017.

« B2 4o mE AP 2 F0 HAX] HE S E

Likelihood of successful delivery of

warning messages between two vehicles

o B, T T T B, e Bl
LTE-VZX (PC5) 96% 83% MN/A 096% 99% 94%

802.11p 78% BE6% N/A 81% 98% 86%

M3 M5 Zue| EU A AL SAX| Xg £

© X Atnof et XF S 7l HEo| WE ARYAL Y oY £

Time-frame: Avoided fatalities Avoided serious injuries
2018-2040 —Hgh | low | Hgh | low

LTE-V2X (PC5) 59,000 29,000 660,000 275,000
802.11p 39,000 20,000 360,000 180,000
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(22| ALRXL E4 8 23] [H3x} Chto| 7|4 & JH W
« ME78 &4 7|= : "Always-on”  Cellular V2X: Tt H 7|5 F7}

« WiFi : “Manual Turn-on” « WAVE/DSRC : O|F HW T4l *7} =g
= Celluar V2X&= 7|&E A8 4 = Celluar V2X= cHlt 432 A|&a} cht
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* V2P: Vehicle-to-Pedestrian communication (X} 2ZF- 23X} E4l)
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C-V2X9] A& o] 5: 24 OBU &4l 259 cost-effective et 1+&

* P-3 North America2| “V2X Automotive On-Board Unit Cost Analysis”"Xl& &#| (2018'3; www.p3-group.com)

Product Costs Incremental V2x Costs Annotations
[ | [ | [ | .
50 Max. cost level for scenario:
%3 +$165 +$200
+5153 ‘ @ High product requirements/
+$150 integration of overall features
into product
+$129 +$120 ‘ P
$250 +$74
| +5100
TCll:r 0.5 T +548 ‘ Expected cost level for scenario:
on + 5104 +598 +528
i hd +$61 , : +450 »| Balance of costs versus amount
L "' $40 | +$23 ‘ of overall product features
$150 +550
$137 . +433 | +$0=5137
@ :sn Min. cost level for scenario:
$104
Large economies of scale/ lower
o . :
integration of overall features
%50 | ] | ] | into product
~. 568/ 26% ~.589/33% ~.$105/39% Market Alginment! & Packaging Complexity
osmlien semzoan Scenario3 Scenario 4.A* Scenario4.B*
LEE RIS One Product/ Two Systems Highly Integrated Fully Integrated ConceptA  Fully Integrated ConceptB Unfavorable ooooe Beneficial
Market Cost band of TCU (LTE only) products
Alignment! 0 e o 0 @ |:| based on cost model
Engineering &
Packaging e o *  Costlevels validated by industry
Complexity 2 feedback
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