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1 Introduction
At the RAN #68 meeting, a SI on the “Feasibility Study on LTE-based V2X Services” [1] was approved with the following scope:

2) 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]

Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
Based on study scope, enhancement on D2D mode 1 is discussed from aspects of SPS, resource request, and inter-cell resource coordination taking the identified requirement into consideration. And a companion paper [2] provides an overview of harmonization of both D2D modes.
2 Mode-1 performance

Figure 1 shows the PRR for both mode 1 and mode 2 under the same conditions for the highway scenario. Note that for these simulations, no improvement for mode 1 is considered: no power control, no interference coordination, etc. As it can be seen, even without improvement, mode-1 has better performance. It is expected that with even minor improvements, a PRR over 90% for 300m can easily be achieved.
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Figure 1. Baseline performance for mode 1 and mode 2.
3 Mode-1 enhancements
Some simple enhancements can make mode 1 more applicable for V2V.
3.1 SPS scheduling instead of dynamic scheduling
Mode 1 provides more reliable and robust performance. However, it requires significant control overhead between the eNB and the transmitting UE. This overhead can be reduced for V2V to better exploit the traffic characteristics as described in [3]; most of the V2V traffic is periodic in nature. SPS scheduling can be used for periodic messages to reduce the overall signalling overhead. A resource can be allocated to a UE via SPS mechanism for a period of time. For example, a resource may be used as long as the vehicle travels within the cell. When a handover is triggered, it can use inter-cell coordination resources still by SPS, or dynamic scheduling, or even switch to mode 2 as being an exceptional case. 
Proposal 1: SPS is considered to enhance mode 1 performance.
3.2 Fast SR

Rel-12 D2D UEs send SR and BSR with buffer status to request resources similar to legacy UEs. However, the V2X periodic traffic generates packets at multiple of 100ms interval with predictable packet sizes. A fast SR with message size indication can be considered since it would eliminate the BSR. Upon reception of a SR, the serving eNB can immediately assign appropriate resources without receiving a BSR. Along with SPS, one SR is sufficient for one typical packet size. Fast SR not only reduces the overhead (BSR, DCI) but also simplifies the scheduling procedure and accordingly accelerates the procedure. Compared with traditional SR, fast scheduling is 20% faster. 
Proposal 2: fast Scheduling Requests are considered to enhance mode 1 performance.

3.3 Inter-cell resource coordination

For Rel-12 D2D Mode 1 communication, eNB allocates transmission resources for each terminal within the resource pool. Resource coordination between neighbor cells is not specified for inter-cell interference coordination (ICIC). This problem is not severe in D2D since there are not many communication sessions per cell, leading to low collision probability. For instance, only 3 communication sessions per cell on average are assumed in simulation for public safety scenario [4]. For V2V service, there can be hundreds of vehicles per cell. Taking the freeway scenario agreed last meeting for example, with 70km/h speed, there are as many as 100 vehicles per cell. Furthermore, V2V service has more stringent latency and robustness requirements than D2D. Transmission collision is detrimental to the overall system performance. If there is resource coordination between neighboring cells, transmission collision can be alleviated to some extent and performance can be improved.
Proposal 3: Inter-cell resource coordination should be studied for V2V mode 1 to reduce transmission collision in inter-cell case. 

Note that inter-cell resource coordination does not necessarily necessitate standard changes. For instance, soft frequency reuse does not require any standard change. RAN1 should study all schemes (necessitating / not necessitating standard changes), and consider standard changes only if the gains are significant enough.
3.4 Variable transmission numbers
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.

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. 

· Latency 100ms is the maximum latency for V2V packets (see Table 1) which is a much more stringent latency requirement than what can be accomplished for D2D communication. 

· Communication range: the communication range requirement of D2D can be up to 2.5 kilometers which needs multiple transmissions of 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. 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
	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)
	100m
	50km/h
	100km/h
	100ms
	90%

	#5 (urban intersection)
	50m
	50km/h
	100km/h
	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. A smaller number of transmissions, e.g., 1 or 2 is better than fixed 4. On the other hand, emergency vehicles 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.  Note that while described for mode 1, the same observation applies for mode 2.
Proposal 4: variable transmission number of a packet should be studied for V2V traffic for both mode-1 and mode-2
4 Conclusion

In this contribution, mode 1 enhancement is discussed. We propose:
Proposal 1: SPS is considered to enhance mode 1 performance.

Proposal 2: fast SR are considered to enhance mode 1 performance.

Proposal 3: Inter-cell resource coordination should be studied for V2V mode 1 to reduce transmission collision in inter-cell case. 

Proposal 4: variable transmission number of a packet should be studied for V2V traffic for both mode-1 and mode-2
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