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1. Introduction
It is understood that resource allocation is an important topic and in PC5-based V2V as mentioned in the SID:

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]

In this contribution, we discuss potential enhancement to resource allocations for PC5-based V2V.
2. Discussions
2.1. Limitation in existing D2D communication resource allocation
As a starting point on the discussion of PC5-based V2V resource allocation, existing specification of D2D can be considered. In D2D communication Mode 1, for a UE to transmit a packet, large signaling overhead and scheduling latency are necessary for SR and BSR transmissions from UE as well as frequency transmission of DCI format 5 from eNB. In D2D communication Mode 2, high resource collision will be observed in the high density vehicle scenarios since random resource selection is applied. The drawback of existing SA followed by data resource pool structure is discussed in our companion contribution [1]. 
Observation: existing D2D resource allocation should be enhanced for PC5-based V2V. 
2.2. Solutions for PC5-based V2V resource allocation 

Centralized scheduling can be an attractive solution especially for V2V in which the reliability is an important performance metric. Centralized scheduling has the benefit that resource collision can be prevented. In centralized scheduling method, one of method to reduce overhead and latency is allocating transmission resources semi-persistently (SPS). So an SPS-like D2D resource allocation can be considered for PC5-V2V. In addition, in order to prevent the impact of frequent handover caused by high mobility, multi-cell coordinated resource allocation can be considered. For example, resources allocated by SPS in a cell may be used by the UE even after the UE moves to another cell. This will make an effect of virtually extending the cell coverage, thereby reducing the impact of handover. We note that this multi-cell coordinated resource allocation can be relatively easy for vehicles because their movement can be predicted in some cases like in the freeway case.

Distributed resource allocation method is also essential at least for out-of-network coverage operations. As mentioned in previous section, random resource allocation in rel. 12/13 D2D may not meet the reliability requirement of V2V. To reduce resource collision, a collision avoidance mechanism can be considered, e.g., a UE reads other UE’s control information in order to avoid using the same resource for its transmission. As a UE anyway needs to blindly detect other UEs’ control information for message receptions, impact on the UE implementation would not be a big problem in introducing such a collision avoidance scheme.

Proposal: For potential enhancements to centralized resource allocation from the network, consider SPS-like resource allocation and multi-cell coordinated resource allocation.
Proposal: For potential enhancements to distributed resource allocation, consider collision avoidance mechanism where a UE avoids resource collision by reading other UE’s control channel.
3. Evaluation results for distributed resource allocations
We evaluate the performance gain of UE Resource Selection with Collision Avoidance (URS-CA) compared to random resource allocation. URS-CA operates in the simulation as follows:
(1) A UE always monitors control channels of other UEs except in a subframe in which it is transmitting.

(2) When the UE has a message to be transmitted, it selects a random value in the range of [0, (CW-1)]. The counter is set to the selected value.
(3) In each subframe, the UE counts the number of unoccupied sub-channels. Here, a sub-channel is assumed to be occupied if the UE received in a previous subframe a control channel which schedules data transmission on the sub-channel of the current subframe.  
(4) The UE decrease the counter by the number of unoccupied sub-channels.

(5) If the counter is equal to or smaller than zero, then the UE starts to transmit the message using a randomly selected unoccupied sub-channel. If not, the UE moves to the next subframe and repeats the procedure (3). 

In the simulations for random resource selection and URS-CA, an ideal assumption is used for control channel transmission and reception. To be specific, it is assumed that the control channel is transmitted with zero RB in the first subframe used for the associated message transmission. In addition, it is assumed that a UE can receive any control channel in a subframe if the UE is not transmitting in the subframe and the control channel is transmitted from a UE within the range X m. X is 320 m for freeway case and 150 m for urban case. It is assumed that 50 RB system bandwidth is divided into 5 sub-channels, each of which has 10 RBs. Periodic V2V traffic model is used and a UE always uses one sub-channel in a subframe. 190 byte message and 300 byte message are transmitted using 2 and 3 consecutive subframes, respectively. 
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Figure 1. CDF of PRR in the freeway case (140km/h) 

In order to help the interpretation of the performance gain in Figure 1, we also added the result of random resource selection with a reduced vehicle density, i.e., the average inter-vehicle distance is 4 sec * 140 km/h. It can be observed that the performance of this result is similar to that of URS-CA, which implies that the overall performance can be maintained when the inter-vehicle distance changes from 4 sec * 140 km/h to 2.5 sec * 140 km/h if the resource allocation is changed from the random selection to URS-CA. The following figures and tables also show the performance gain of URS-CA compared to random resource selection in the different scenarios. It can be observed that URS-CA provides performance gain, so it is proposed to study details of such a scheme. 
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Figure 2. CDF of PRR in the freeway case (70km/h) 
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Figure 3. CDF of PRR in the urban case (60km/h) 

Table 1. Average PRR in the urban case (60km/h)
	Range (m)
	Random resource selection
	URS-CA
	Gain [%]

	20 ~ 40
	0.95
	0.98
	3.34

	60 ~ 80
	0.88
	0.94
	6.94

	100 ~ 120
	0.80
	0.87
	8.24

	140 ~ 160
	0.73
	0.80
	9.26

	180 ~ 200
	0.65
	0.71
	9.64

	220 ~ 240
	0.57
	0.63
	9.59

	260 ~ 280
	0.48
	0.53
	11.63

	300 ~ 320
	0.36
	0.40
	11.19

	340 ~ 360
	0.25
	0.28
	10.73

	380 ~ 400
	0.15
	0.17
	9.54

	420 ~ 440
	0.09
	0.09
	9.18

	460 ~ 500
	0.04
	0.04
	7.19

	500 ~ 520
	0.02
	0.02
	7.23


Table 2. Average PRR in the freeway case (70km/h)

	Range (m)
	Random resource selection
	URS-CA
	Gain [%]

	20 ~ 40
	0.97
	0.99
	2.04

	60 ~ 80
	0.95
	0.98
	3.29

	100 ~ 120
	0.92
	0.96
	4.71

	140 ~ 160
	0.89
	0.94
	6.02

	180 ~ 200
	0.86
	0.92
	7.34

	220 ~ 240
	0.82
	0.89
	7.75

	260 ~ 280
	0.79
	0.85
	7.52

	300 ~ 320
	0.76
	0.81
	7.50

	340 ~ 360
	0.72
	0.78
	7.34

	380 ~ 400
	0.69
	0.74
	7.38

	420 ~ 440
	0.65
	0.69
	7.23

	460 ~ 500
	0.60
	0.64
	7.43

	500 ~ 520
	0.55
	0.59
	7.00


Table 3. Average PRR in the freeway case (140km/h)

	Range (m)
	Random resource selection
	URS-CA
	Gain [%]

	20 ~ 40
	0.97
	0.99
	1.78

	60 ~ 80
	0.96
	0.99
	2.42

	100 ~ 120
	0.95
	0.98
	3.13

	140 ~ 160
	0.93
	0.97
	3.95

	180 ~ 200
	0.91
	0.96
	4.56

	220 ~ 240
	0.90
	0.94
	4.62

	260 ~ 280
	0.88
	0.92
	4.88

	300 ~ 320
	0.87
	0.90
	4.41

	340 ~ 360
	0.85
	0.89
	4.84

	380 ~ 400
	0.83
	0.87
	4.95

	420 ~ 440
	0.80
	0.84
	4.89

	460 ~ 500
	0.78
	0.82
	4.96

	500 ~ 520
	0.75
	0.79
	4.62


4. Conclusion
This contribution discussed the potential enhancement to resource allocations for PC5-based V2V. The observation and proposals are as follows:
Observation: existing D2D resource allocation should be enhanced for PC5-based V2V. 
Proposal: For potential enhancements to centralized resource allocation from the network, consider SPS-like resource allocation and multi-cell coordinated resource allocation.

Proposal: For potential enhancements to distributed resource allocation, consider collision avoidance mechanism where a UE avoids resource collision by reading other UE’s control channel
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