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1. Introduction

In RAN1 #82 meeting, the V2V evaluation methodology and evaluation assumptions are agreed in [1]. In this contribution, the potential issues for PC5-based V2V are analyzed and the initial evaluation are provided based on the V2X evaluation assumptions with minor enhancement on current Rel-12 D2D mode 2.  
2. Discussion
In V2V safety service, it requires a large number of transmission UEs, larger message size and higher reliability, which are not the design targets in Rel-12 D2D communication. Whether the resource allocation mechanism of Rel-12 D2D communication can be used in V2V needs further investigation. The following aspects of Rel-12 D2D communication are analyzed.
2.1. V2V evaluation scenarios

The V2V evaluation scenarios are agreed in [1], where the parameters of vehicle dropping and mobility model are provided. Further considering of the Time to Collison (which is 4s with the consideration of human response time), the UEs need reliably receive the V2V safety message within the effective TTC range.  The effective TTC range of freeway case is shown in Figure 1, and urban case is shown in Figure 2 (the intersection case is provided as a typical scenario.).
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Figure 1: Effective TTC range of freeway case
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Figure 2: Effective TTC range of urban case
According to the given vehicle mobility model and effective TTC range, the number of vehicles within the effective TTC range can be roughly calculated as following, which is the minimum vehicles need to be reliable received: 

· Freeway case:
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· Urban case
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It can be observed that the vehicles number of urban case will be larger than that of freeway case, thus the resource collision and interference due to in-band emission will be more severely in urban case. 

Observation 1: The number of vehicles within TTC effective range in urban case is larger than that in freeway case and it is expected that the resource collision and interference due to in-band emission will be more severely in urban case.
2.2. Autonomous random resource selection mechanism 
There are two basic types of existing D2D resource allocation schemes: Autonomous random selection in resource pools by UE and Scheduling-based resource allocation by eNB. Random selection can be applied to both in and out of coverage cases, and Scheduling-based resource allocation can only be applied to in-coverage case. For PC5 V2V, a baseline design workable in out of coverage for PC5 V2V is undoubtedly important.

Observation 2: A baseline design of resource allocation workable in OOC for PC5-based V2V is important.

In current Rel-12 D2D communication, SA and data are transmitted in different resource pools, and both SA and data transmission employ retransmission mechanism to improve the reliability of transmission and mitigate the half duplex issue due to FDM multiplexing. Terminals must effectively detect SA, and then the data can be demodulated based on the decoded SA. Therefore, the reliability of SA reception should be superior to that of data reception, and the reliability of data reception will be dependent of the reliability of SA reception. 
According to the agreed V2V evaluation assumption[1], with the consideration of the large number of vehicles, and each vehicle needs to periodically transmit V2V safety message with 100ms period, the resource collision and interference in V2V will be increased severely if reusing existing random selection mechanism, which will decrease the reliability of  SA and data transmission. Additionally, the reliability of data transmission will be further decreased by larger message size in V2V traffic. The reliability of SA and data transmission is evaluated through system simulation.
If Rel-12 D2D mechanism is reused in V2V, the maximum SA period should not be larger than 50ms, since the maximum transmission latency of V2V safety message is 100ms. Thus, in following evaluation, we assume that the SA period is 40ms, 8 subframes being used for SA transmission, and the remaining 32 subframes being used for data transmission. The detail simulation assumptions are provided in Table 1. 
Table 1: simulation assumptions

	Simulation Parameters
	Value

	Deployment scenario
	Freeway 

	Carrier frequency
	5.9GHz

	System bandwidth
	10MHz

	Tx Power
	23dBm

	Antenna gain
	3dBi

	Traffic Model 
	SA transmission:

· 100ms period, and payload size is 59 bits (43bits+16 bits CRC)
Data transmission：
· 100ms period, and periodic traffic as defined in [1]

	Synchronization 
	Ideal

	Carrier Frequency Offset
	Ideal 

	Vehicle velocity
	70km/h

	SA period 
	40ms, SA resource pool size is 8ms, and data resource pool size is 32ms

	Modulation and coding scheme
	SA transmission:

· QPSK, convolution coding, coding rate is about 0.31 (with 4 DMRS symbols)

Data transmission : 
· QPSK，Turbo coding, coding rate is about 0.5 (with 4 DMRS symbols)

	Resource selection method
	Random selection as Rel-12  D2D mode 2

	Pathloss model
	As defined in [1]

	Shadowing fading 
	As defined in [1]

	Vehicle density
	21 vehicles/lane/km

	SA overhead
	20%


For SA transmission, Rel-12 D2D mechanism is reused with 2 transmissions and 1 PRB size. The simulation result is shown in Figure 3. It can observe that with sufficient overhead of SA (20%), the average Packet Reception Ratio of SA is about 94% at the range (140m, 160m) in freeway case. 
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Figure 3: SA average PRR performance in freeway case

For data transmission, one minor enhancement is performed based on current Rel-12 D2D design, that is different vehicles can randomly select a T-RPT window within the data resource pool, which can avoid the congestion of the first T-RPT window after SA resource pool. Otherwise, all of the contending vehicles may transmit data in the first T-RPT window, which will increase the collision probability of data transmission. Based on this minor enhancement, Rel-12 D2D mechanism is evaluated by system simulation:

Simulation results of data transmission are shown in Figure 4. It can also be observed that the average PRR of data transmission is about 73% at the distance [140m, 160m] in freeway case, which cannot meet the V2V performance requirements[2]. 
Base on above evaluations, it can be observed that the current random selection mechanism is inefficient in V2V. Enhanced resource allocation mechanisms which can reduce the resource collision and interference due to in-band emission need further investigation [3].  

Observation 3: The reliability of V2V traffic cannot be well satisfied if only current R12 D2D autonomous random selection mechanisms are used even in freeway case.

Proposal 1: Current random selection mechanism is inefficient in V2V, and enhanced resource allocation mechanism which can reduce the resource collision and interference due to in-band emission need further investigation.
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Figure 4: Data average PRR performance in freeway case

2.3. Scheduling-base mechanism
Design for out of coverage can also be applied to in-coverage case, which is practically good for PC5 V2V from perspective of implementation and cost reduction both at UE and network. In R12 D2D, network can assist exact resource allocation to reduce collision between Tx UEs and mitigate half duplex issue. But in PC5 V2V, when vehicle communication occurs at dedicated carrier [3] and cellular network works at 2GHz, if cellular network is not deployed at dedicated carrier, all signaling overhead for resource allocation/resource request or any control to PC5 V2V happen at cellular network spectrum. Due to high density of vehicles in V2V, total amount of overhead will be much larger than that for R12 D2D. Also to effectively utilize resources, spatial reuse of resource shall be considered. However, there is not location reporting mechanism yet for network to decide resource reuse. Even there is reporting mechanism, changing topology due to high mobility of vehicle leads to difficulty of location tracking. Besides, whether track of vehicle can be legalized may need more discussion (not in 3GPP). 
In addition, when introducing network assistant resource allocation, it is very necessary to consider inter-cell cooperation and partial network coverage cooperation mechanisms. The cooperation mechanisms should reduce the mutual interference to ensure vehicles from different areas can communicate reliably, if they are in communication range. It may much increase network burden for such coordination, particularly if further coordination is needed inter-PLMN, unless the coordination granularity is very large, e.g. resource pool level if not considering impacts from scheduling limitation. Again, high mobility with fast topologic leads to challenges to cell handover mobility management and the cooperation mechanisms.

Proposal 2: When considering scheduling-based resource allocation, signaling overhead, capacity performance, validity, handover and coordination among cells or different coverage area should be well evaluated. 
3. Conclusion 
In this contribution, the potential issues for PC5-based V2V are analyzed and the initial evaluation are provided based on the V2X evaluation assumptions with minor enhancement on current Rel-12 D2D mode 2. Particularly, we have following observations and proposals:
Observation 1: The number of vehicles within TTC effective range in urban case is larger than that in freeway case and it is expected that the resource collision and interference due to in-band emission will be more severely in urban case.
Observation 2: A baseline design of resource allocation workable in OOC for PC5-based V2V is important.

Observation 3: The reliability of V2V traffic cannot be well satisfied if only current R12 D2D autonomous random selection mechanisms are used even in freeway case.

 Proposal 1: Current random selection mechanism is inefficient in V2V, and enhanced resource allocation mechanism which can reduce the resource collision and interference due to in-band emission need further investigation.

Proposal 2: When considering scheduling-based resource allocation, signaling overhead, capacity performance, validity, handover and coordination among cells or different coverage area should be well evaluated.
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