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1 Introduction
For the V2V services, the requirements of latency, service type, packet size, data period, etc, are different from D2D communication, and it may lead to enhancement for the V2V resource pool configuration. Further in RAN1 #82bis meeting [1], possible enhancements for V2V resource pool allocation principles are given as follows:

· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

 In this contribution, some analyses about resource pool allocation of V2V are discussed.
2 Resource pool allocation
PSCCH/PSSCH resource pool configurations are used for D2D communication, which assign the available subframes and PRBs respectively for SA information and data packets. In general, the allocation scheme of D2D resource pool should be reused in V2V, some modification and enhancement are discussed as below.
2.1 SA and data resource pool

The multiplexing scheme of V2V SA pool and data pool was discussed in [2]-[6], FDM, TDM, FDM+TDM scheme can be used for the V2V SA and data resource pools from the perspective of the whole V2X time-frequency resource.
· TDM SA and data resource pool
In Release12 D2D communication, PSCCH and PSSCH resource pool are TDMed with different subframes, and SA information or data packet is transmitted as a TB. The TDM scheme provides simple division of SA and data resource pool, which are sufficient for D2D broadcast communication. If reused for V2V resource pool configuration, some change on TDM scheme should be considered.
Based on the subframe-level TDM SA and data resource pool allocation scheme, it introduces the period as a unit of resource pool configuration mapping. The period of PSCCH/PSSCH resource pool could be set as [40, 80, 160, 320]ms in D2D communication. For V2V scenario, the typical period of data service is 100ms or less, it makes the D2D resource pool period configuration may be insufficient for V2V, especially for PSCCH resource pool which may lead some unacceptable configure with large period. 
An extreme example illustrated in Figure 1 with the 320ms resource pool period. When V2V SA information arrived latter than the last SA subframe in this period, it cannot be transmitted until the next period, and the transmission latency will be more than 280ms. Considering of that, shorter period of resource pool should be configured for V2V while TDM SA and data resource pool are reused.
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Figure 1: An example of SA subframe allocation

Another difference between D2D and V2V communication should be considered is the user quantity and density. In PSCCH resource pool, the SA resource pattern scheme divides all the available SA subframes and RBs into many SA channels. Every SA channel includes an initial transmission and a retransmission resource on different subframes and RBs. The SA resource pattern ensures that almost all the SA information could be received by other UEs. It avoids the half-duplex issue between the UEs transmitting SA on the same subframe. For D2D communication with the limited density of UE, several subframes and RBs should be assigned as SA resource pool. It can meet the requirement of D2D UEs, but may not work well for V2V. 
There are V2V scenarios with high UE density. That requires more SA channel resources. The increased SA subframes will influence the available number of data subframes during a period while the SA and data resource pool are TDM.
In order to satisfy the latency and capacity requirement of V2V service, it should limit the available period of resource pool to [40, 80]ms. Some shorter period like [20,50]ms should be introduced to V2V resource pool configuration. More SA RBs and subframes should be allowed.
Proposal 1: If TDM between SA and data resource pool are reused, shorter period for V2V resource pool and more SA resources should be used. 
· FDM SA and data resource pool
Besides the TDM resource pool, FDM scheme of SA and data resource could be considered. As illustrated in Figure 2, SA and data resource pool can be allocated on different RBs in the same subframe. 
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Figure 2: An example FDM SA and data resource pool
With FDM SA and data resource pool, different RBs on a subframe are used as SA resources and data resource. As shown in Figure 2, every subframe includes SA and data resources. All the subframes can have same allocation. Considering of the identity of all the subframes, there is no need of the resource pool period, which is naturally introduced in TDM resource pool scheme. FDM scheme makes the resource division between SA and data is only at frequency zone. No matter which and how many RBs are used for SA, it put no restriction on latency, SA indication scheme, etc. For FDM scheme the multiplexing is done on top of the subframes assigned for V2X communication. If it operates in dedicated carrier, all subframes is assigned as default.
While the FDM SA and data resource pool are used, more flexibility of SA and data indication scheme could be designed. As SA information could be transmitted on any available subframe, more strict timing relationship of SA and the corresponding data transmission can be achieved. It ensures the satisfaction of service latency. More details are discussed in [7]. 
Without the time border in FDM resource pool, the SA resource pattern could not be reused directly.  New definition of the number of SA subframes [image: image3.wmf]PSCCH
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 in a period should be determined, which set the rang of subframes for SA resource pattern mapping. Based on the FDM resource pool, several RBs in every subframe are used as SA resource. It can use certain value of [image: image4.wmf]PSCCH
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 for SA. Basically, 2 transmissions for one SA can be reused even in FDM scheme. 
Proposal 2: If FDM between SA and data resource pool is used, periodicity should not be set for V2V resource pool. 
· Shared SA and data resource pool
Shared SA and data resource pool is another option for V2V resource allocation, it allows SA and data are transmitted in the same subframe. Accordingly, possible SA and data transmission scheme of a UE is that a single DFT precoding applies to SA and data in the same subframe. The shared resource pool means that all the available RBs on a subframe should be divided into multiple sub-channels, and UE transmits SA and data on an assigned/selected sub-channel. Similar to FDM scheme, the shared resource pool may need no period. 
From receiving UE’s perspective, the sub-channel division of the shared SA and data resource pool should be semi-static configured to facilitate SA and data detection. It makes fixed and simple resource unit for SA and data transmission. This results in less overhand of resource indication and may alleviate the resource collision. However, it limits the resource flexibility and introduces some complexity of SA detection.
Based on the above discussion of the three schemes of SA and data resource pool allocation, we proposed:

Proposal 3: V2V communication use FDM SA and data resource pool allocation within each subframe. No periodicity is applied for the resource pool. 
2.2 Subframes and PRBs allocation in resource pool
The indication of subframes and/or RBs allocation of resource pool should be designed according to the different resource pool allocation schemes discussed above. 
For TDM resource pool, it is the same as D2D communication resource pool configuration, by the parameters as Number of PRBs, Start PRB, End PRB for frequency resource indication, and period, offset and bitmap for time domain resource indication. 

For FDM resource pool, SA and data resource pool configuration can be indicated with the RBs division. The RB assignment in SA may reuse that of D2D communicaiton.
The assignment of shared resource pool is more different to TDM or FDM scheme. It cosists of multiple sub-channels, and one sub-channel contain one or several RBs in a subframe. The sub-channel allocation should be assigned according to the requirement of V2V services, and the sub-channel indication scheme should be discussed with more details. 
2.3 The partition and quantity of SA resource pool
In V2V scenario, different types of services should be provided. They have different requirements of latency and service load. For resource pool configuration in TDM scheme, it asks for short resource pool period and may cause multiple resource pools allocation with different periodicities correspond to  different characteristics of services. For FDM or shared resource pool scheme, the resource pool has no such timing limitation and it is easy to statisfy the V2V latency reqiurement by flexible SA to data indication timing.
If TDM resource pool are used, one PSCCH resource pool is bond with one PSSCH resource pool. At least, one-to-one mapping between a PSCCH resource pool and a PSSCH resource pool with same periodicityis needed. Multiple types of services will need N SA pools and N data pools for different latency requirements. To provide more flexibility and higher efficiency for V2V resource pool allocation, N SA pools with one data pool configuration should be considered. And, the allocation of one data resource pool could be connected with the N SA resource pools.

The SA channel resources are define with different RBs in FDM resource pool, and different sub-channels in shared scheme,  it is easy to allocate different SA channel resources for different types of services in a same subframe. For sporadic services, certain SA channel resources in dispersive subframes should be reserved. In general, no period resource pool scheme could provide flexible and efficient SA channel resource allocation.
Proposal 4: For TDM resource pool configuration, we can consider multiple SA resource pools for different types of V2V services. Multiple SA resource pools share one data resource pool. For FDM resource pool, the partition and quantity of SA resource pools can be assigned based on type of services.
3 Conclusions

In this contribution, we discuss TDM, FDM and shared SA and data resource pool scheme for V2V.  We give analysis on the aspects of those schemes under the scenario of v2v. In summary, we proposed that:
Proposal 1: If TDM between SA and data resource pool are reused, shorter period for V2V resource pool and more SA resources should be used. 

Proposal 2: If FDM between SA and data resource pool is used, no periodicity should be set for V2V resource pool. 
Proposal 3: V2V communication use FDM SA and data resource pool allocation within each subframe. No periodicity is applied for the resource pool. 
Proposal 4: For TDM resource pool configuration, we can consider multiple SA resource pools for different types of V2V services. Multiple SA resource pools share one data resource pool. For FDM resource pool, the partition and quantity of SA resource pools can be assigned based on type of services.
References

[1] RAN1 Chairman’s Notes #82bis
[2] R1-155416, Discussion on resource structure for PC5-based V2V, LG
[3] R1-155755,  V2V System Level Performance, Qualcomm
[4] R1-155222, Physical layer channel design enhancement to support resource allocation in PC5-based V2V, CATT
[5] R1-157355, Discussion on V2X PC5 Scheduling, Resource Pools and Resource Patterns，Ericsson
[6] R1-156892, Discussion on resource pool structure and control signaling for PC5 based V2V，LG
[7] R1-160683, Scheduling Assignment enhancement for V2V, ZTE

































