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1. Introduction
In RAN#70, work item on support for V2V services based on LTE sidelink has been agreed [1]. The work item description is revised in RAN#71 [2]. Enhancement on sidelink resource allocation is included in the WI objective:
3)
To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s)
In TR 36.885 [3], the following agreement on resource pool and scheduling agreement is made:
· 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 RAN1#84, 84bis and 85, work item on Support for V2V services based on LTE sidelink has come to the following agreements on the V2V resource pool design:
· RAN1 #84 agreements 

· SA pool and its associated data pool can be FDMed
· RAN1 #84b agreements

· A data pool is always associated with an SA pool.
· An RB of an SA pool in a TTI cannot be included in the associated data pool.
· An RB of an SA pool in a TTI cannot be included in another SA pool (if exists).
· Working assumption: At least an RB of a data pool in a TTI can be included in another data pool (if exists).
· An RB of an SA pool in a TTI cannot be included an un-associated data pool (if exists)
· RAN1 #85 agreements 

· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency
· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS
· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).
· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”
· Strive for not increasing the number of SA blind decoding to enable this.
In this contribution, we will discuss the remaining details and possible enhancement of resource pool for PC5 based V2V communications.

2. Resource pool with SA and associated data transmission configurations
From system perspective, FDMed SA and data resource is beneficial on resource efficiency and latency performance of V2V communications. In RAN1#84bis, the following working assumption is made:

Working assumption: 

· In V2V, SA resource and data resource are always FDMed from system perspective

· If significant issues are found, can consider further supporting TDM

Therefore, in this section the discussion focuses on the resource pools where SA pool and its associated data pool are FDMed. Different resource pools could be configured based on SA and its associated data transmission (as illustrated in Figure 1):

Option 1) Resource pool which allows SA and associated data transmission by all the UEs using this pool occur on the same subframe in an adjacent manner 

Option 2) Resource pool which allows SA and associated data transmission by all the UEs using this pool occur on different subframes 

Option 3) FFS resource pool which allows SA and associated data transmission by all the UEs using this pool occur on the same subframe in a potentially non-adjacent manner
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Figure 1. pool configuration based on SA and associated data transmission
The Pros. and Cons. of the three options are analyzed in Table 1 in the aspects communication range, resource utilization efficiency and impact of half duplex. It can be seen that there is no option outperforms all other options in all aspects.
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Table 1. performance analysis
In urban scenario, resource utilization efficiency and half duplex impact are relatively important because of large vehicle density and relatively low vehicle speed; while in freeway scenario, communication range is relatively important due to high vehicle speed. Different options can be utilized in different scenarios or combined configured to satisfy the various ITS requirements. For the resource pool configuration option 3, it may be beneficial to be configured in dense urban scenario. Therefore, we propose:
Proposal 1: SA and data transmission on the same subframe in a potentially non-adjacent manner should be supported. 
2.1. Details of using pool configuration option 1
In RAN1#85, it has been agreed that resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency is allowed. However, details on how this configuration should be utilized is still FFS.

Data packet size may vary a lot in V2V communication system (e.g. 50~1200 bytes as in SA requirement), which requires scheduling flexibility. For the pool which allows co-subframe and frequency adjacent SA and associated data transmission, large size in frequency domain should be configured to support large TB transmission. However, the resource pool configuration is semi-static. If there is small data packet to be transmitted, the radio resource would be wasted as shown in Figure 1. 

One way to improve the resource efficiency is to insert distributed SA resources in the data pool as shown in figure 2-a, if the previous agreement on “An RB of an SA pool in a TTI cannot be included in the associated data pool” can be reverted. Then the data resources in one subframe could be scheduled by multiple SAs, but the inserted SA resource will result into data resource fragmentation and reduce the maximum data packet size. In such a case, SA located at frequency-edges of data pool can be set higher priority than other SAs located at middle of data pool. The resource fragmentation issue is mitigated by the prioritization and large data TB size can be selected if necessary.
Another way to improve the resource efficiency is to share the data pool with other data pools as shown in figure 2-b, e.g. pools which allow non-adjacent SA and associated data transmission. The details of this method will be further discussed in the next subsection.
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Figure 2. resource utilization efficiency improvement
Observation 1: For the resource pool where SA and data in the same subframe is selected with an adjacent manner, frequency-distributed SA pool configuration or sharing data pool can improve the resource utilization efficiency.
2.2. Multiple resource pool configurations for transmission with shared data resource pools
As discussed above, different resource pool configuration has different strength and weakness. If resource pool configuration is optimized per operation area, the disadvantage of each resource pool configuration may not be a problem, e.g., option 1 configured for freeway and option 3 configured for urban area. However, this can lead border problem; limitation on V2V communication between vehicles among different areas. So multiple reception pools would be configured and reception pool configurations should be common. Therefore, it is interesting to discuss whether and how to combine multiple resource pools with different configurations on SA and associated data transmission to achieve the best use of different options. For example, if resource pools with configuration option 1 and 3 are multiplexed, it is expected that the communication range can be enhanced compared with using resource pool with configuration option 1 only, and the resource efficiency & scheduling flexibility can be improved compared with using resource pool with configuration option 3 only. 
Observation 2: Configuring multiple resource pools with different resource allocation option can mitigate the shortcomings of resource allocation options.
From RAN1#84 agreements, if there are multiple SA and data resource pools configured, resource cannot be shared among different SA pools, and/or among SA and data pools. However, it is still possible to share the resource among different data pools. How should UE performs sensing and resource (re)selection for shared data pool should be discussed.

The same sensing window and timeline for single data resource pool can be used for sensing of shared data resource pool. However, as data transmission in the shared data resource pool can be indicated by SAs from multiple SA pools, UE needs to sense in all the SA resource pools associated with the shared data resource pool. 
Proposal 2: For resource selection in shared data resource pool, UE needs to sense all the SA resource pools associated with the shared data resource pool. 

For resource (re)selection, the following method can be considered:

UE first selects the resource pool, and then selects SA and data resource according to the selected resource pool.
If data pool for option 1 is shared with data pool for other options, option 1 can be selected with higher priority. Resource pool with lower priority is selected when there are no sufficient resources available in the resource pool with higher priority. With such prioritization, the advantage of option 1 is ensured and resource fragmentation is also avoided. Although such shared pool configuration requires additional SA resource overhead due to orthogonal SA resource pools, resource pool configuration can be common irrespective of operation area, e.g., highway or urban.
Proposal 3: In case of shared data pool where one of the data pool is for SA and data transmission in the same subframe with an adjacent manner, SA and data resource in the subframe are selected by adjacent manner with higher priority.
However, setting higher priority to option 1 may lead uneven interference within a data pool; data resource close to SA resource pool for option 1 would be congested because resource pool for option 2/3 is only utilized when the resource pool for option 1 is fully occupied. Therefore, it may be beneficial to define a special region in the shared data resource pool which is adjacent to the SA resource for option 1. Only in the special region, resource pool option 1 is prioritized. Resource pool for option 2/3 can be selected with the same priority as pool for option 1 only with data resource out of the special region as shown in figure 3. Thus the data pool resource utilization efficiency can be improved and meanwhile data resources in the special region can be protected for SA adjacent to data pool.
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Figure 3. data resource selection with special region
Proposal 4: In case of shared data pool where one is configured with option 1, a data pool special region adjacent to SA pool is configured in which resource pool for option 1 is prioritized.
3. Conclusion
In this contribution, we have discussed resource pool with different SA and associated data transmission configurations. Based on the discussion, we propose:
Proposal 1: SA and data transmission on the same subframe in a potentially non-adjacent manner should be supported. 
Observation 1: For the resource pool where SA and data in the same subframe is selected with an adjacent manner, frequency-distributed SA pool configuration or sharing data pool can improve the resource utilization efficiency.

Observation 2: Configuring multiple resource pools with different resource allocation option can mitigate the shortcomings of resource allocation options.
Proposal 2: For resource selection in shared data resource pool, UE needs to sense all the SA resource pools associated with the shared data resource pool. 

Proposal 3: In case of shared data pool where one of the data pool is for SA and data transmission in the same subframe with an adjacent manner, SA and data resource in the subframe are selected by adjacent manner with higher priority.
Proposal 4: In case of shared data pool where one is configured with option 1, a data pool special region adjacent to SA pool is configured in which resource pool for option 1 is prioritized.
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