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1. Introduction
In this contribution, we discuss transmission parameter control and multi-carrier issues for PC5-based V2V. 
2. Discussions
2.1. Centralized vs. distributed transmission parameter control  
Some or all of transmission parameters such as transmission resource pool configuration, transmission power, T-RPT subset, repetition number, transmission rate, transmission probability, channel sensing threshold to verify channel occupancy and etc. can be controlled by network or determined by UE itself. Here we focus on transmission parameters that affect other UE’s interference level or performance significantly. MCS and RB size can be determined by UE in similar with Rel. 12/13 D2D communication. 
 As discussed in our companion contribution [1], centralized transmission parameter control should be prioritized due to the following reasons,
1) Aligned UE behavior participating in PC5-based V2V operations: if distributed transmission parameter control is adopted for PC5-based V2V operation, unbalanced or unfair performance among UEs can be occurred.  

2) Optimal parameter control: Since network or fixed node (eNB or RSU) can have more information, network-based/centralized transmission parameter control is more efficient. Also fast and continuous parameters update is possible because the fixed node can aggregate traffic situation that is varying over second/hour/day. 
Proposal 1: For PC5-based V2V, centralized transmission parameter control should be prioritized.
2.2. Location dependent transmission parameter control 
The optimal transmission parameters for V2V operations are basically location dependent. If the vehicle intensity/speed is different across vehicle directions/lanes, different interference level may be observed across different vehicle directions/lanes and the optimal transmission parameters will be different. 
Fig. 1 illustrates an example of resource pool adaptation scheme in an intersection area. In the agreed channel model for PC5-based V2V evaluation, the pathloss will be changed from LOS to NLOS when turning around corner. In this figure, most of UEs in UE group A will have NLOS channel for UEs in UE group B. However, the pathloss between UEs in the same group will be LOS. This means significant reception power difference will be observed if UE group A and B use same resource pool. Due to the large reception power difference, the weak signals (different group UE’s signal) can be suffered from in-band emission interference of the strong signals (same group UE’s signal). To solve this issue, TDMed resource pool partitioning between different UE groups can be considered as illustrated in this figure. eNB or RSU can configure the boundary to apply the resource pool adaptation. The system level evaluation results of ‘TDMed resource pool partitioning' can be found in Appendix A. In this simulation, it is simply assumed that different TDMed resource pool (e.g., two resource pools consisting of even- and odd-numbered subframes respectively) is used by a UE depending on whether it is on the horizontal or vertical street in the agreed Urban road layout. The figures and tables in Appendix A show the performance gain of ‘TDMed resource pool partitioning (with or without URS-CA (UE Resource Selection with Collision Avoidance) [2])’ compared to random resource selection in the Urban scenario.
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Fig. 1 An example of transmission resource pool adaptation in an intersection area
Fig. 2 illustrates that the resource pool is separated according to UE moving direction. For the different direction, it is assumed that the resource pool is separated. This operation can be beneficial in that different QoS such as the target range and message reliability can be provided in adaptation to the vehicle density and speed in each direction. To be specific, when the vehicle density is very different in the two directions of a street, it is possible to relax the service quality in the dense direction as the overall vehicle speed is low. However, high service quality should be maintained in the direction with low vehicle density. When the UEs in the two directions use the same resource pool, the same service quality will be provided, but this is not desirable especially when vehicles in the two directions are physically separated and it is not necessary for a vehicle to receive V2V message transmitted from a UE moving in the opposite direction.
Proposal 2: Location dependent transmission parameter control should be supported for PC5-based V2V.
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Fig. 2 an example of transmission resource pool adaptation according to direction
2.3. Parameter control for priority handling
The different priority level of V2V message may require different performance requirement. As discussed in previous subsection, the optimal transmission parameters would be dependent with location as well as different message priority. The different transmission parameter according to message priority can be configured by network. For example, event triggered message has more transmit power and repetition number.  
Proposal 3: Message priority dependent transmission parameter control should be supported for PC5-based V2V.

In Rel. 12/13 D2D, WAN has the first priority when there is time overlap between WAN and D2D. D2D TX/RX is always dropped if the UE does not support simultaneous WAN and D2D operations. If the UE supports the simultaneous WAN and D2D transmissions, transmission power is allocated to WAN first and the remainder may be allocated to D2D. This prioritization rule is not suitable in V2V services because at least some V2V operation is for emergency service. Therefore, in V2V operations, the prioritization rule between D2D and WAN can be re-defined. The details of the prioritization procedure are also a part of transmission parameter control because suitable level of prioritization may depend on several factors such as the WAN traffic intensity and requirement on the V2V operations. For a vehicle moving fast with low WAN traffic intensity, for example, D2D operation can be relatively higher than in another case.
Proposal 4: In PC5-based V2V operations, the prioritization rule between D2D and WAN can be re-defined.
3. Multi-carrier issues 
When the vehicle density is high in traffic jam, single carrier operation may not solve the interference issues and may not meet the V2X requirement due to high interference. As shown in our companion contribution [2], even in a scenario with the vehicle density lower than the highest one, to meet SA requirement seems challenging although there may some room for further performance optimizations. Distributing data traffic load to multiple carriers can be another direction in solving this issue. The system level evaluation results of ‘TDMed resource pool partitioning over multiple carriers' is provided in Appendix A. Here, it is assumed that the different TDMed resource pool (e.g., two resource pools consisting of even- and odd-numbered subframes over two carriers respectively) is used by a UE depending on whether it is on the horizontal or vertical street in the agreed Urban road layout. The figures and tables in Appendix A show the performance gain of ‘TDMed resource pool partitioning over multiple carriers (with or without URS-CA)’ compared to random resource selection in single carrier (e.g., Urban scenario). Transmission capability over multiple carriers at single UE perspective may not be easily increased due to coverage issue. However, it is relatively easy to implement reception capability for multiple carriers, and this can be helpful for communication of different UEs in different carriers. 
Proposal 5: System-level benefit of operating PC5-based V2V over multiple carriers should be studied and solutions to enable efficient multi-carrier operations should be considered.
4. Conclusion
This contribution discussed transmission parameter control and multi-carrier issues for PC5-based V2V. Based on the discussions, the following proposals were made:
Proposal 1: For PC5-based V2V, centralized transmission parameter control should be prioritized.

Proposal 2: Location dependent transmission parameter control should be supported for PC5-based V2V.

Proposal 3: Message priority dependent transmission parameter control should be supported for PC5-based V2V.

Proposal 4: In PC5-based V2V operations, the prioritization rule between D2D and WAN can be re-defined.
Proposal 5: System-level benefit of operating PC5-based V2V over multiple carriers should be studied and solutions to enable efficient multi-carrier operations should be considered.
______________________________________________________________________
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Appendix A: System Level Evaluation Results 
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Figure A-1. CDF of PRR in the range of [0, 150]m (i.e., urban case, 15km/h)
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Figure A-2. CDF of PRR in the range of [0, 150]m (i.e., urban case, 60km/h)

Table A-1. Average PRR in the urban case (15km/h)
	Range (m)
	Random resource selection (single carrier)
	URS-CA (single carrier)
	Gain [%]
	TDMed resource pool partitioning over multiple carriers w/ random resource selection
	Gain [%]
	TDMed resource pool partitioning over multiple carriers w/ URS-CA
	Gain [%]

	0 ~ 20
	0.9700 
	0.9898 
	2.04 
	0.9705 
	0.05 
	0.9765 
	0.67 

	20 ~ 40
	0.9298 
	0.9836 
	5.79 
	0.9393 
	1.02 
	0.9811 
	5.52 

	40 ~ 60
	0.8487 
	0.9414 
	10.93 
	0.8864 
	4.44 
	0.9648 
	13.68 

	60 ~ 80
	0.7404 
	0.8389 
	13.31 
	0.8297 
	12.07 
	0.9232 
	24.68 

	80 ~ 100
	0.6127 
	0.6930 
	13.11 
	0.7604 
	24.11 
	0.8553 
	39.60 

	100 ~ 120
	0.4887 
	0.5533 
	13.22 
	0.6766 
	38.43 
	0.7711 
	57.78 

	120 ~ 140
	0.4045 
	0.4532 
	12.05 
	0.5691 
	40.68 
	0.6491 
	60.47 

	140 ~ 160
	0.3365 
	0.3773 
	12.12 
	0.4767 
	41.67 
	0.5413 
	60.88 

	160 ~ 180
	0.2835 
	0.3064 
	8.09 
	0.3909 
	37.88 
	0.4390 
	54.87 

	180 ~ 200
	0.2293 
	0.2468 
	7.63 
	0.3169 
	38.23 
	0.3502 
	52.71 

	200 ~ 220
	0.1881 
	0.2017 
	7.24 
	0.2512 
	33.57 
	0.2763 
	46.88 


Table A-2. Average PRR in the urban case (60km/h)
	Range (m)
	Random resource selection (single carrier)
	URS-CA (single carrier)
	Gain [%]
	TDMed resource pool partitioning w/ random resource selection (single carrier)
	Gain [%]
	TDMed resource pool partitioning w/ URS-CA (single carrier)
	Gain [%]
	TDMed resource pool partitioning over multiple carriers w/ random resource selection
	Gain [%]
	TDMed resource pool partitioning over multiple carriers w/ URS-CA
	Gain [%]

	0 ~ 20
	0.9759 
	0.9925 
	1.70 
	0.9763 
	0.04 
	0.9857 
	1.00 
	0.9768 
	0.09 
	0.9883 
	1.26 

	20 ~ 40
	0.9637 
	0.9901 
	2.74 
	0.9657 
	0.21 
	0.9865 
	2.37 
	0.9678 
	0.43 
	0.9870 
	2.42 

	40 ~ 60
	0.9376 
	0.9792 
	4.44 
	0.9441 
	0.69 
	0.9830 
	4.84 
	0.9524 
	1.58 
	0.9851 
	5.06 

	60 ~ 80
	0.8991 
	0.9525 
	5.94 
	0.9147 
	1.74 
	0.9733 
	8.25 
	0.9431 
	4.90 
	0.9794 
	8.94 

	80 ~ 100
	0.8420 
	0.9026 
	7.20 
	0.8869 
	5.33 
	0.9529 
	13.17 
	0.9260 
	9.97 
	0.9674 
	14.89 

	100 ~ 120
	0.7606 
	0.8276 
	8.82 
	0.8341 
	9.67 
	0.8992 
	18.23 
	0.8884 
	16.81 
	0.9288 
	22.12 

	120 ~ 140
	0.6812 
	0.7254 
	6.48 
	0.7496 
	10.04 
	0.8084 
	18.67 
	0.8095 
	18.82 
	0.8488 
	24.59 

	140 ~ 160
	0.5902 
	0.6271 
	6.26 
	0.6434 
	9.02 
	0.6950 
	17.76 
	0.7034 
	19.17 
	0.7418 
	25.68 

	160 ~ 180
	0.5209 
	0.5484 
	5.28 
	0.5544 
	6.43 
	0.5927 
	13.78 
	0.6137 
	17.82 
	0.6417 
	23.19 

	180 ~ 200
	0.4482 
	0.4876 
	8.80 
	0.4703 
	4.93 
	0.5128 
	14.42 
	0.5298 
	18.21 
	0.5588 
	24.69 

	200 ~ 220
	0.4056 
	0.4308 
	6.22 
	0.4119 
	1.54 
	0.4458 
	9.91 
	0.4653 
	14.71 
	0.4944 
	21.90 
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