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1. Introduction
According to the V2X SID, one of the objectives is to identify and evaluate the necessity of enhancements to multi-carrier multicast/broadcast for reduced latency and improved efficiency. In this contribution, we mainly evaluate the single carrier V2V capability and identify whether it is necessary to support multi-carrier multicast/broadcast for PC5 V2V.
2. Discussion
Whether multi-carrier should be considered for PC5 V2V depends on whether the resources in a carrier can fulfill the transmission requirements of vehicles. Hence the evaluation includes the following three steps:
· Step 1: Evaluate the capacity of a single carrier, i.e. the number of vehicles supported.
· Step 2: Estimate the actual number of vehicles in a cell.
· Step 3: Analyze whether multi-carrier PC5 V2V is needed.
1) Step 1
According to RAN1’s working assumption[1], there are two traffic models used in evaluation: Periodic traffic model and Event-triggered traffic model. Periodic traffic model is mandatory. Event-triggered traffic model can be evaluated optionally together with or without Periodic traffic model.
For Periodic traffic, working assumption of message size is one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles. Message period is 100ms.
For Event-triggered traffic, event arrival follows Poisson distribution with the arrival rate X (up to company choice) per second for each vehicle. Once event triggered, 6 messages are generated with space of 100ms. Working assumption of message size for Event-trigger traffic at L1 is 800bytes.
Considering it is diffidult to estimate how many Event-triggered messages are generated in a period, and Event-triggered traffic case is optional for evaluation, hence we only evaluate the capacity of Periodic traffic.
Assuming V2V transmission reuses Rel-12 D2D communication transmission scheme (i.e. 2 SA+ 4 data for each message), the supported vehicle number in a carrier is shown in the following Table-1.
Table-1: Supported vehicle number in a carrier
	Parameter
	Minimum resources occupy
	Typical resources occupy

	Message size
	one 300-byte message followed by four 190-byte messages
	one 300-byte message followed by four 190-byte messages

	Message period
	100ms
	100ms

	MCS
	24 for 190-byte message
27 for 300-byte message
	9
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	3 PRBs for 190-byte size message
4 PRBs for 300-byte size message
	10 PRBs for 190-byte size message
17 PRBs for 300-byte size message

	Resources required in 500ms
	74 PRBs
	238 PRBs

	Supported maximum vehicle number in 10 MHz bandwidth
	337
	105

	Supported maximum vehicle number in 20 MHz bandwidth
	674
	210


Where supported maximum vehicle number= NPRB (50 for 10 MHz bandwidth or 100 for 20 MHz bandwidth)* 500 / Resources required in 500ms.
2) Step 2
Consider the cases in [1], the vehicle number in a cell is estimated as below:
Table-2: Vehicle number in a cell
	Parameter
	Urban case
	Freeway case

	Number of lanes
	2 in each direction (4 lanes in total in each street)
	3 in each direction (6 lanes in total in the freeway)

	Lane length in a cell
	622m
	1155 m

	Absolute vehicle speed
	15 km/h, 60 km/h
	140 km/h, 70 km/h

	Vehicle density
	24 vehicles/lane/km~96 vehicles/lane/km
	11 vehicles/lane/km~21 vehicles/lane/km

	Vehicle number in a cell
	60~240
	73~146


Where vehicle number in a cell = Lane length in a cell * Vehicle density * Number of lanes.
3) Step 3
Considering the vehicle number supported in a carrier evaluated in step 1 only considered the Periodic traffic. In fact, Event-triggered traffic also consumes resources, and it will decrease the vehicle number supported in a carrier.
The vehicle number in a cell in step 2 is calculated based on the scenarios in [1]. However, in some cities, vehicle velocity is very low in block streets. There may be more vehicles in a cell.
According to the vehicle numbers in Table-1 and Table-2, there would be some cases that the vehicle number in a cell is more than the supported maximum vehicle number in 20 MHz bandwidth, e.g. 240 is more than 210. So we propose to consider multiple carriers for PC5 V2V.
Proposal 1: Multi-carriers should be considered for PC5 V2V.
3. Proposals
According to the analysis in section 2, we propose:
Proposal 1: Multi-carriers should be considered for PC5 V2V.
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