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1. Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with following objectives related to RAN1[1]:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

This contribution will discuss the modification that is needed to support resource pool sharing between UEs using mode 3 and mode 4. The solutions for other objectives are discussed in our companion contributions [2] [3] [4] [5]. 

2. Discussion
In Release 14 LTE-V2X, a resource pool for UEs using mode 3 is dedicatedly allocated by eNB which can avoid collision events for resource allocation to other UEs using mode 3. Semi-persistent scheduling (SPS) for UEs using mode 3 is also supported, where only the UEs in network coverage are applicable. On the other hand, a resource pool for UEs using mode 4 is (pre-)configured by upper layers. Mode 4 UEs perform a resource sensing (based on RSRP) and competitively select a transmission resource by predefined resource selection procedure. Mode 4 supports UEs both in-coverage and out-of-coverage.
However, resource pools of mode 3 and mode 4 are independently configured in Release 14 where they come from explicitly different resource pools. When the resource pool sharing between mode 3 and mode 4 is taken into account, there are potential positive impacts from efficient resource usage (e.g., balancing loads such as the number of UEs using mode 3 and mode 4) if resource collision events can be avoided with enhancement of the current resource selection procedures. Thus in order to consider V2X resource pool sharing, resource scheduling/occupying procedures for both mode 3 and mode 4 need to be enhanced.
[Observation 1.] In order to consider V2X resource pool sharing, resource scheduling/occupying procedures for both mode 3 (network-controlled allocation) and mode 4 (UE autonomous selection) need to be enhanced.
[Proposal 1.] Both mode 3 and mode 4 UEs can share the resource pool to other mode UEs, bidirectionally.
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Figure 1.
Different deployments for resource pool sharing between mode 3 and mode 4
There are several deployment methods for resource pool sharing between mode 3 and mode 4 as we depict in Figure 1. When the shared resource pool is pre-configured by upper layers, two deployment scenarios are applicable: (1) fully-shared resource pool and (2) partially-shared resource pool which has some exclusive resources available for each mode. If there is no configuration for resource pool sharing, dedicatedly-shared resources (3) from mode 3 (or mode 4) to mode 4 (or mode 3) can be considered on the separate resource pools. In order to maximize the benefits of resource pool sharing, RAN2 is kindly asked to discuss the possibility of supporting fully- or partially-sharing resource pool (for pre-configuration of shared pools) and dedicatedly-sharing (for non-configuration of shared pools) between mode 3 and mode 4.
[Observation 2.] In order to maximize the benefits of resource pool sharing, it is needed to consider the feasibility of supporting fully- or partially-sharing resource pool (for pre-configuration of shared pools) and dedicatedly-sharing (for non-configuration of shared pools) between mode 3 and mode 4.
[Proposal 2.] RRC resource pool configuration IEs related to resource pool sharing need to be modified, added, and re-considered.
For the UEs using mode 3 with SPS scheduling, for sidelink (SL) systems, the SPS resources are UE specific and may be reserved (configured and active) for a longer period in time. In our companion contribution [6], it can be beneficial to allow UEs using mode 3 to skip configured SPS sidelink grants rather than instantaneously releasing if no data is available for transmission. We think the benefits of skipping and reconfiguring SPS resources of UEs using mode 3 are 1) latency reduction by waiting interval to re-acquire sidelink SPS grant, and 2) UEs using mode 4 may obtain larger opportunities to successfully transmit data.
[Observation 3.] In terms of resource pool sharing, Rel-15 mode 3 UEs configured with SPS can more easily perform resource pool sharing with having sharing capabilities than Rel-15 mode 3 UEs dynamically scheduled by eNB.
We think the benefits of sharing the resource pool between mode 3 UEs and mode 4 UEs are spectral efficiency and flexibility of resource usages among V2X UEs. All resource pools allowed for mode 3 UEs and mode 4 UEs can jointly considered for optimized resource assignment. However, the performance degradation for both UEs can occur in terms of resource collision or (successful) packet received ratio if the resource pool sharing between mode 3 UEs and mode 4 UEs is supported. Nevertheless, we need to consider efficient and flexible resource usages and avoiding collisions simultaneously to achieve the latency requirements and dynamic use cases in Release-15 V2X sidelink.
[Observation 4.] If other UEs using mode 3 are allowed to share the empty SPS resources, the resource collisions may frequently occur since the UEs using mode 4 autonomously access to radio resources without eNB’s information.
[Proposal 3.] Only UEs using mode 4 can be allowed to utilize shared SPS resources of UEs using mode 3.
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Figure 2. An example for sharing skipped SPS resources available for UEs using mode 4
We summarize and finalize this contribution with the overall proposal as below:
[Proposal 4.] In order to enhance both mode 3 and mode 4 for resource pool sharing, RAN2 is kindly requested to discuss some enhancements as follows.
· [Mode 3 ( Mode 4] UEs using mode 4 need to be aware of which resources are currently non-available due to eNB-scheduled mode 3 UEs when they perform sensing and select available resources.
· [Mode 4 ( Mode 3] The eNB needs to figure out which resources are being occupied by UEs using mode 4.
3. Conclusion
[Observation 1.] In order to consider V2X resource pool sharing, resource scheduling/occupying procedures for both mode 3 (network-controlled allocation) and mode 4 (UE autonomous selection) need to be enhanced.
[Observation 2.] In order to maximize the benefits of resource pool sharing, it is needed to consider the feasibility of supporting fully- or partially-sharing resource pool (for pre-configuration of shared pools) and dedicatedly-sharing (for non-configuration of shared pools) between mode 3 and mode 4.
[Observation 3.] In terms of resource pool sharing, Rel-15 mode 3 UEs configured with SPS can more easily perform resource pool sharing with having sharing capabilities than Rel-15 mode 3 UEs dynamically scheduled by eNB.
[Observation 4.] If other UEs using mode 3 are allowed to share the empty SPS resources, the resource collisions may frequently occur since the UEs using mode 4 autonomously access to radio resources without eNB’s information.
Based on the above observations, we propose the following:
[Proposal 1.] Both mode 3 and mode 4 UEs can share the resource pool to other mode UEs, bidirectionally.

[Proposal 2.] RRC resource pool configuration IEs related to resource pool sharing need to be modified, added, and re-considered.
[Proposal 3.] Only UEs using mode 4 can be allowed to utilize shared SPS resources of UEs using mode 3.

[Proposal 4.] In order to enhance both mode 3 and mode 4 for resource pool sharing, RAN2 is kindly requested to discuss some enhancements as follows.
· [Mode 3 ( Mode 4] UEs using mode 4 need to be aware of which resources are currently non-available due to eNB-scheduled mode 3 UEs when they perform sensing and select available resources.
· [Mode 4 ( Mode 3] The eNB needs to figure out which resources are being occupied by UEs using mode 4.
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