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1. Introduction
In RAN#75 meeting, the following objective is included on 3GPP V2x phase 2[1]:
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In this contribution, radio resource pool sharing between UEs using mode 3 and UEs using mode 4 will be discussed and our preference will be given.
2. Discussion
2.1. Motivation 
In Rel-14 V2x, two resource allocation modes, i.e., mode 3 and mode 4, are specified for sidelink communications. Mode 3 resource allocation follows eNB scheduling, and thus intra-cell collisions among UEs is expected to be avoided. For Mode 4 resource allocation, although SPS Tx and sensing based resource selection are specified for collision avoidance, the collisions cannot be 100% avoided as UEs autonomously select the resource.

Sharing resource pool among UEs using mode 3 and mode 4 UEs is expected to reduce the resource fragmentation of the system, and allow more dynamic resource sharing among UEs using mode 3 and mode 4. In addition, the preconfigured mode 4 resource pool used by out-of-coverage UE may overlap with the mode 3 resource pool configured by eNB. 
However, without further enhancement, simply sharing resource pool among UEs using mode 3 and UEs using mode 4 resource allocation will break the intra-cell collision free property of Mode 3 resource allocation. The PRR performance of UEs using mode 3 resource allocation may be degraded as eNB may not have full information on mode 4 UE resource selection. On the other hand, as sensing is not required for UEs using Rel-14 mode 3 resource allocation, the collision probability of mode 4 UE Tx may also be increased
Observation 1: Further enhancement on avoiding collision between mode 3 UE and mode 4 UEs should be considered if resource pools for mode 3 and mode 4 resource allocation are shared. 
2.2. Potential enhancement 
As described in the WI description, Rel-14 V2x UEs should be able to share the resource pool with Rel-15 V2x UEs. Therefore, the following scenarios need to be considered for resource pool sharing between mode 3 and mode 4 UEs:

1) Rel-14 mode 3 pool is shared with Rel-15 mode 4 pool;
For this scenario, only the enhancement on Rel-15 UEs using mode 4 resource allocation can be considered. However, in Rel-14 V2x, there is no way to distinguish PSCCH/PSSCH transmission from UEs using mode 3 resource allocation or from UEs using 1 shot mode 4 resource allocation. The only possible way for Rel-15 mode 4 UE to avoid selecting resource occupied by mode 3 UE transmission is from eNB broadcasting, e.g. using UE common search space. However, significant signalling cost may be introduced, and additional cost is necessary for mode 4 UE to continuously monitoring eNB signalling. Therefore, the enhancement is not preferred. 
2) Rel-14 mode 4 pool is shared with Rel-15 mode 3 pool;

For this scenario, only the enhancement on Rel-15 UE using mode 3 resource allocation can be considered. The collision avoidance mechanism defined in Rel-14 mode 4 should be maximally reused by Rel-15 mode 3 UE to avoid collision. 

In Rel-14, UEs in mode 4 could not detect potential collision with mode 3 UEs as SA transmitted by mode 3 UE does not contain resource reservation information. Also, UEs in mode 3 could not avoid collision with UEs in mode 4 as eNB has no idea about the resource occupancy status of mode 4 resource pool. Therefore, both enhancements on enabling mode 4 UE to exclude mode 3 UE occupied resource and enhancement on avoiding eNB to schedule resource selected by mode 4 UE can be considered.

Enabling mode 4 UE to exclude mode 3 UE occupied resource 

Background sensing is assumed for mode 4 UE, so mode 4 UE could avoid collision with mode 3 UE if mode 4 UE could identify resource occupied by Rel-15 mode 3 UE. Then, following solutions could be considered:
· The resource reservation field in SA of Rel-15 mode 3 UE is set as SPS configuration, and thus mode 4 UE could detect mode 3 UE occupied resource by using conventional mode 4 resource exclusion procedure. In this case, collision is resolved by reselection of mode 4 UEs and resource collision may last until the mode 4 UE perform reselection. For the random resource selection for P2V, it was RAN1 understanding that P-UE has longer transmission periodicity (1 sec). So, impact of the resource collision with mode 4 UE is acceptable. However, for the resource pool sharing between UEs using mode 3 and UEs using mode 4, there are no such assumption. 
Avoiding eNB to allocate mode 4 UE occupied resource to mode 3 UE 

Assuming background sensing is also performed by Rel-15 UEs using mode 3 resource allocation, the following enhancement could be considered:
· Rel-15 mode 3 UE feedback resource occupancy status to eNB, and then eNB could make scheduling according to the channel occupancy status. But one major shortcoming of this method is high overhead, especially when considering timely report of dynamic channel occupancy status.

· eNB can allocate multiple resources to mode 3 UE for a single request, and mode 3 UE makes sensing to select a least interfered resource, then mode 3 UE may feedback to inform the selected resource to eNB. 
· If eNB scheduled resource is collided with mode 4 UE occupied resource, mode 3 UE will feedback collision report to eNB and then eNB will reallocate resource to this UE. But this method may not guarantee the reallocated resource is less interfered resource, then collison will happen again. 
· If eNB scheduled resource is collided with mode 4 UE, this mode 3 UE will fall back to mode 4 autonomous resource selection for certain period up to eNB configuration. 
3) Rel-15 mode 3 pool is shared with Rel-15 mode 4 pool;
For this scenario, potential enhancement on both Rel-15 UEs using mode 3 and mode 4 resource allocation can be considered together. Except for potential enhancements mentioned in scenario 1) and scenario 2), other enhancement is also feasible. For example, in order to enable Rel-15 mode 4 UE to exclude Rel-15 mode 3 UE occupied resource, higher priority can be given to mode 3 UE, e.g., 1 bits in SA of Rel-15 mode 3 UE  to indicate whether the SA is for mode 3 UE or mode 4 UE, then when Rel-15 mode 4 UE detect the indicator, it will exclude Rel-15 mode 3 UE potential occupied resource. This solution applies only scenario 3
Based on the above discussion, we have the following observation and proposal:

Observation 2: Enhancements targeting scenario 2 and 3 should be the focus of RAN1 discussion.
Proposal 1: Enhancements on enabling mode 4 UE to exclude mode 3 UE occupied resource and/or enabling mode 3 UE to sense on mode 3 resource pool to avoid recourse collision should be considered.
3. Conclusion
In this contribution, radio resource pool sharing between UEs using mode 3 and UEs using mode 4 have been discussed. Based on the discussion, we propose:
Observation 1: Further enhancement on avoiding collision between mode 3 UE and mode 4 UEs should be considered if resource pools for mode 3 and mode 4 resource allocation are shared. 

Observation 2: Enhancements targeting scenario 2 and 3 should be the focus of RAN1 discussion.

Proposal 1: Enhancements on enabling mode 4 UE to exclude mode 3 UE occupied resource and/or enabling mode 3 UE to sense on mode 3 resource pool to avoid recourse collision should be considered.
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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]


Carrier aggregation (up to 8 PC5 carriers);


64QAM;


Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;


Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
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