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1 Introduction
At RAN#68 meeting, a new SID for LTE-based V2X was approved. One of the objectives of the SID is as follows [1]:

1) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

With D2D communication over the PC5 interface, the number of transmissions is fixed. This decision was taken for simplicity. Besides, D2D communication is generally assumed to be for voice traffic, where the packet size is fixed. In this contribution, we show that for V2V, it is valuable to vary the number of transmissions of a packet according to the radio and traffic conditions. We suggest to include a provision to change the number of transmissions for V2V over the existing D2D communication protocols.

2 Variable transmission number of V2V packets
V2V is a type of D2D service. However, the V2V scenarios are quite different than what was considered for Rel-12 D2D: 
· Number of terminals (density): it is much higher for V2V since in Rel-12, D2D communication was for public safety UEs only. For instance, only 3 communication sessions per cell at average are assumed in simulation [3]. With V2V, there could be up to hundreds of vehicles per cell. 
· Packet size: Rel-12 D2D was designed with voice service in mind. For V2V, the data packet size is larger. The typical message size of V2V data packet is 50-300bytes [2]. 

· Latency: 100ms is the maximum latency for V2V packets (see Table 1). 
· Communication range: The communication range requirement of D2D can be up to 2.5 kilometers. Such a range requires multiple transmissions of the same data packet in order to lower the code rate. For V2V, the communication range only needs to be at most 320 meters as shown in Table 1 (from SA1). On such a short distance, higher effective code rates can be used.
Table 1: Example parameters for V2X Services

	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Table 1 shows that the communication range of interest varies from 50m to 320m, which is shorter than the 2.5km considered for D2D. Since high vehicle density needs to be addressed by V2V, it is worthwhile to reduce the number of transmissions whenever possible to lower resource usage per packet, and accordingly increase system capacity. A smaller number of transmissions, e.g.,1 or 2 is better than fixed 4, as shown in Figure 1. On the other hand, emergency cars have higher priority and reliability requirements and may need to broadcast their information as far as possible so that more vehicles can receive the information and clear the road in advance. Thus, more retransmissions are beneficial in this case. 
Observation 1:  Variable transmission number is beneficial for V2V service
For V2V service, the communication range requirement is at most 320m. For such a case, 1 or 2 transmissions is enough. For some special V2V services, such as emergency car, more transmission numbers, such as 4 or higher number X, are needed to lower the code rate and  make sure that the message can be transmitted far enough. X can be determined by the requirement for special V2V services.
Proposal 1: V2V transmissions can be configured to use {1, 2, 4, X} transmissions for a given packet
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Figure 1 Comparison of different number of transmissions
Figure 1 is a comparison of different transmission numbers in Highway scenario with an unoptimized scheduler. Each vehicle is randomly allocated with resources from the resource pool. Packet Delivery Ratio (PDR) is used as the performance metric. Detailed explanation of PDR can be found in a companion contribution [4]. Simulation setting is attached in Appendix, and can also be found in a companion contribution [5].
The figure shows that for this scenario, the performance is improved by reducing transmission numbers from 4 to 2. Considering the PDR=0.8, the communication range of 4 transmissions is 230m, which cannot meet SA1 requirements of Table 1. For 2 transmissions, the communication range is extended to 350m. Thus, for this scenario, it is beneficial to use 2 transmissions only. 
For the simulated vehicle density, there are a total of 264 vehicles. Each vehicle is randomly allocated transmission resources within each cell and there is no resource coordination among cells. D2D mode-1 is used, so within a cell, there is no collision. With 4 transmissions, there is more interference than with 2, which degrades the PDR.
3 Conclusions
In this contribution, the difference between D2D and V2V is discussed firstly, such as vehicle density, communication range. Based on the different communication range requirement of V2V, variable number of transmissions is proposed. The simulation results show that compared to 4 transmissions per packet, 2 transmissions has better performance. Based on the analysis, the following observation/proposals are given.

Observation 1:  Variable transmission number is beneficial for V2V service
Proposal 1: V2V transmissions can be configured to used {1, 2, 4, X} transmissions for a given packet
References
[1] RP-151109 “New SI proposal: feasibility study on LTE-based V2X services”, LGE, CATT, Vodafone, Huawei, RAN #68, June 15-18, 2015.

[2] 3GPP TR 22.885 V0.2.0 “Study on LTE support for V2V services (Release 14)”, 2015-04

[3] 3GPP TR 36.843 V12.0.1 “Study on LTE Device to Device Proximity Services; Radio Aspects”,  2014-03
[4] R1-153803 “Traffic model and performance metrics for V2X evaluation” , Huawei, HiSilicon, 3GPP RAN1#82,  August 24-28, 2015.

[5] R1-153802 “System level evaluation methodology of V2X” , Huawei, HiSilicon, 3GPP RAN1#82,  August 24-28, 2015
[6] ETSI TR 102 861 V1.1.1, “ITS STDMA recommended parameters and setting for cooperative ITS, access layer part”, 2012-01

Appendix
	Carrier frequency
	5.9GHz

	System bandwidth
	10MHz

	Tx power 
	23dBm

	Noise figure
	7dB

	Antenna gain
	0dBi

	Scenario
	Highway with 6lanes

	Average Vehicle density
	13 vehicles/km/lane

	Simulation Range
	3464m

	ISD
	1732m

	V2V message
	300 bytes with periodicity =100ms.

	Antenna config.
	1Tx antenna and 2Rx antennas for each vehicle.

	V2V resource allocation
	Random allocation among unused resources 

	MCS
	QPSK, coding rate = ~1/2

	In-band emission
	Referring to R1-133988.

	Scheduling Assignment 
	Not considered.

	Large scale fading
	[6]

	Fast fading
	No

	Shadow fading   (dB)
	2.5 (10m=d0<d<dc=220m)
0.9 (d>dc)

	
	

















































































































