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1. Introduction
In RAN#68, V2x study item has been agreed. Study on support of PC5 transport of V2V services is prioritized by RAN#70 – December 2015, including identifying necessary enhancements to the resource allocation mechanism to meet the identified requirements [1]. In this contribution, the performance of Mode 2 resource allocation is evaluated, and potential resource allocation enhancements are discussed.
2. Evaluation of Mode 2 resource allocation
In RAN1#82, the following agreement is made:

· For initial evaluations for PC5 based V2V in RAN1, following scenario is proposed to simulate as a starting point for evaluation simplicity.

· Case 1A: 6 GHz band

· Case 2A: Rel-12 mode 2 resource allocation

· Case 3A: and 5A: Single dedicated carrier for V2V
· Case 4A: Single operator
Therefore, we first evaluate the scenario as described above. The evaluation assumptions (as in appendix Table 1) follow the system level simulation assumptions in Annex A.1 in [2].  Two different deployment scenarios are defined for system level simulation of V2x. For resource allocation study, urban scenario may be more challenging due to its higher UE density and the existence of NLOS V2V links. Therefore, in this contribution, we focus our evaluation on urban scenario. 
Multiplexing control information with Data in the same subframe
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Figure 1 Average packet reception ratio & CDF with or without SA resource pool
In the current PC5 design, control information (i.e. SCI) is transmitted in a separate resource pool other than data transmission. However, the resource utilization of SCI transmission may be low, and a successful reception needs both successful receptions of SCI and data message in different subframes. In case of small packet traffic, performance may be improved by multiplexing the control information transmission with data transmission within the same subframe. In Fig. 1, the performance of Mode 2 resource allocation in urban scenario with and without SA resource pool allocation is shown. The SA period is assumed to be 40 ms in the evaluation. If SA resource pool is allocated, in each SA period, the first 8 subframes is assigned as SA resource pool, and the following 32 subframes are assigned as data resource pool. QPSK 1/2 coding rate is assumed for both 190 bytes and 300bytes data packets transmission.  

From Fig. 1, it can be observed that for both 15 km/h and 60 km/h UE speed, packet reception ratio can be improved. 

Observation 1: packet reception ratio can be improved by multiplexing control information and data transmissions in the same subframe

To multiplex the control information and data transmission in the same subframe, both single cluster transmission and multi-cluster transmission can be considered:
Alt. 1: Single cluster transmission
Frequency domain continuous RBs are used for control information and data transmission. Similar to UCI on PUSCH, REs in fixed position within a RB can be assigned for control information transmission; On the other hand, it is also possible to assign RBs in some predefined positions, e.g. the first RB, for control information transmission; In order to reduce UE complexity for blind detection of SCI and data, scheduling flexibility could be restricted.
Alt. 2: Multi-cluster transmission 
If it is supported by UE capability, control information and data may be transmitted in frequency domain departed RBs in the same subframe. For example, the freq. domain resource for control information transmission is restricted to limited options to reduce receiving UE detection complexity, while data can still be scheduled flexibly to adapt to flexible data packet size. Power back-off considering PAPR/Cubic metric to introduce multi-cluster transmission without impact on RF will be additionally introduced.
Therefore, we propose:
Proposal 1: Control information transmission should be enhanced to be multiplexed with data transmission in the same subframe, with the following alternatives
Alt 1: Single cluster transmission with RE or RB level multiplexing 

Alt 2: Multi-cluster transmission 

Fixed transmission block 
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Figure 2 Average packet reception ratio & CDF with fixed block size or not
In the current D2D communication Mode 2 resource allocation, the frequency domain resource is randomly selected in the whole bandwidth. This may severe the impact of interference as potentially more data transmissions can be interfered (e.g. only partially in freq. domain). Fixed transmission block size may have better performance as in PSDCH or PSCCH design. In Fig. 2 we evaluate the packet reception ratio when the whole bandwidth is divided into 3 orthogonal transport blocks in each subframe. In a subframe, a UE can only select one of the 3 transport blocks for data transmission. For 300 bytes data packets, QPSK 5/6 coding rate is assumed to adapt to the fixed transport block size.  It can be observed that using fixed size transport block in each subframe can improve the packet reception rate, with both cases when UE speed of 15 km/h and 60 km/h.
Observation 2: Packet reception ratio can be improved by dividing the resource into fixed transmission blocks.
However, V2V services needs to support flexible data packet size. If fixed transmission block size is defined, the packet reception ratio of large size packets will be degraded as higher MCS level will be used. Even if large packet is divided to several subframes, signaling overhead of SCI will be a concern. Therefore, it would be beneficial that if the control information (i.e. SCI) is able to schedule multiple subframes for data similar to Rel-12 D2D communication. As shown in Fig. 3, a large data packet may be divided into two or more parts. One part is transmitted together with control information with fixed block size, and other parts are transmitted with variable block size. The time-frequency domain position as well as MCS of the variable size part can be indicated by the control information transmitted in the fixed size block. 

[image: image5]
Figure 3 SCI schedules multiple subframes

Therefore, we propose:
Proposal 2: For the traffic with large packet size and relaxed latency requirement, it is beneficial that a SCI schedules multiple subframes for data transmission
Data Retransmission 

Each data packet is transmitted four times in Rel-12 D2D communication to solve the half duplex problem and enhance the D2D coverage performance. However, for V2V communications, the traffic load and UE density is much higher than that of D2D communications. Too much data retransmission times can increase the interference level and in turn degrade the packet reception ratio. In Figure 4, the packet reception ratio when data transmission times are 2 or 4 is evaluated. It can be observed that the packet reception ratio is better with smaller number of data transmission times. The improvement is higher when UE density is higher (i.e. with UE speed 15 km/h). 
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Figure 4 Average packet reception ratio & CDF with 4 or 2 repeated transmissions
Observation 3: When UE density is high, packet reception ratio can be improved by reducing the repeated transmission times of data packet.
However, even with all the above enhancements, large gap can still be observed between the achieved packet reception ratio and SA1 requirement – more than 90% reception ratio in 150m range [3]. Although the performance when UE speed is 60 km/h is better than that when UE speed is 15 km/h, the performance is still not good enough. The reason may be that the interference among UEs is higher due to larger packet size and denser UE deployment compared to D2D communication. Especially the interference from V2V links with LOS pathloss to V2V links with NLOS pathloss is rather high. It seems that purely random based resource allocation as Mode 2 resource allocation in Rel-12 D2D cannot fulfill the V2x requirement in urban scenario. More advanced resource allocation mechanism may be needed, and we will simply discuss some potential further enhancement in the next section. 

3. Potential further enhancement 
To mitigate the interference among UEs in V2V environment, more advanced resource allocation mechanism should be considered including:
Network Control

Network can provide radio parameter set which is at least optimized for each area. In addition, geographical or UE specific coordination can be expected with the assistance of eNB or NW control. 
Mode 1 resource allocation has been used in Rel-12 D2D to provide “interference-free” D2D communications. However, for Mode 1 resource allocation, UEs should be in RRC_connected state. Latency and signaling overhead due to UE mobility and HO may need to be carefully studied in V2x environment. Further, mode 1 resource allocation may not be feasible if dedicated carrier is assumed for PC-5 based V2x. Careful comparison between cost and gain is necessary even for semi-static NW resource allocation using RRC signaling. 
Energy sensing 

Transmitting UE may sense the resource to learn which resource has been severely interfered by other UEs, and try to select the resource position where the interference is least. The interference among UEs can be mitigated and spatial resource reused can be achieved. 
However, sensing on the resource may introduce additional delay for V2x data transmission. In addition, due to half-duplex, UE cannot sense at the same time when it transmitting data. If collision happens, e.g. due to UE mobility, long duration that collision lasts can be expected. Finally, UEs nearby may sense the similar energy status on resource and thus they are likely to select the same resource if they start data transmission at similar time. Therefore, the benefit and cost of energy sensing based resource allocation still need to be carefully evaluated.
Resource Reservation 

As periodical message transmission is typical in V2x communications, a transmitting UE may reserve resource periodically and announce the reservation using control information. UEs receiving the announcement will not select the reserved resource and thus the interference among UEs can be mitigated. 
However, if UE schedule the resource after receiving the reservation information, it may also introduce additional latency. Furthermore, although periodical message transmission is typical in V2x, UEs may still have flexible data transmission period and flexible data packet size. If the flexibility on data Tx period and data message size is high, the benefit of resource reservation may be degraded. Although UE traffic model has been agreed in RAN1#82, it is only for evaluation purpose, and does not necessarily mean that all periodic V2x traffic will have the same characteristics.  SA1’s input may be needed to confirm whether stable traffic pattern, i.e., data transmission period and data packet size, can be assumed for periodical V2x message transmission. Also, RAN2 need to discuss whether lower layer can have knowledge about traffic pattern of application layer.
Multi-carrier operation 

Multiple carriers may be assigned for V2x communications and the system performance can be improved due to increased amount of resources. If single carrier cannot provide enough time frequency resource to satisfy the SA1 requirement, multiple carrier operation should be considered. And it will be beneficial if the number of carriers required to satisfy the SA1 requirement can be calculated, in both Urban and freeway scenario, for different UE speed assumption.  
Therefore, we made the proposal:

Proposal 3: RAN1 should discuss and evaluate further enhancement on resource allocation including:

· Network control
· Energy sensing

· Resource reservation

· Multi-carrier operation

4. Conclusion
In this contribution, we evaluated some enhancement of Mode 2 resource allocation for PC5 based V2V communications. From the evaluation results we made the following observations and proposals:
Observation 1: packet reception ratio can be improved by multiplexing control information and data transmissions in the same subframe

Observation 2: Packet reception ratio can be improved by dividing the resource into fixed transmission blocks.
Observation 3: When UE density is high, packet reception ratio can be improved by reducing the repeated transmission times of data packet.
Proposal 1: Control information transmission should be enhanced to be multiplexed with data transmission in the same subframe, with the following alternatives

Alt 1: Single cluster transmission with RE or RB level multiplexing 

Alt 2: Multi-cluster transmission 

Proposal 2: For the traffic with large packet size and relaxed latency requirement, it is beneficial that a SCI schedules multiple subframes for data transmission

We also observed that purely random based resource allocation may not be able to fulfill the V2x requirement in urban scenario. We discussed some potential further improvement on resource allocation, and proposed:
Proposal 3: RAN1 should discuss and evaluate further enhancement on resource allocation including:

· Network control

· Energy sensing

· Resource reservation

· Multi-carrier operation
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Appendix

Table I: Simulation assumptions
	Carrier Frequency
	6GHz

	Bandwidth
	10 MHz

	Number of carriers
	One carrier

	Synchronization
	Perfect synchronization 

	In band emission
	Reuse model in Section A.2.1.5 in [4] with {W, X, Y, Z} = {3, 6, 3, 3}

	Tx power
	23 dBm

	UE dropping & mobility
	Urban scenario as Table A.1.2-1 in [2]

	eNB deployment
	As A 1.3 in [2] 

	Pathloss mode
	WINNER+ B1 Manhattan grid layout

	Fast fading
	Not modeled

	Traffic model
	Periodic traffic as A 1.5 in [2]

	Message generation period
	100 ms

	Simulation time
	600 TTI 
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