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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 UEs using 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 4 is (pre-)configured by upper layers. Mode 4 UEs perform a resource sensing (based on RSRP and SA decoding) and competitively select a transmission resource by predefined resource selection procedure. Mode 4 operation is supported for UEs both in-coverage and out-of-coverage. 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 the number of UEs using mode 4) if resource collision events can be avoided with enhancement of the current resource pool sensing and resource (re)selection procedures of mode 4. Thus, in order to consider V2X resource pool sharing, resource sensing and occupying procedures in terms of mode 4 functionalities need to be enhanced.
[Observation 1.] In order to consider V2X resource pool sharing, resource sensing and occupying procedures for mode 4 functionalities need to be enhanced.
[Proposal 1.] Mode 4 resource sensing and occupying procedures should be enhanced for V2X resource pool sharing.

On the first perspective, UEs using mode 4 have to decide 1) to keep using previous sidelink grants or 2) clear all previous grants and newly select resources after resource pool sensing. The eNB configures the threshold value for the probability of resource keeping (denoted as probResourceKeep) in Release 14 RRC configurations, and UEs using mode 4 keep using pervious sidelink grants if a selected random value within [0,1] is less than or equal to probResourceKeep. This resource keeping procedure may increase the possibility of resource collisions with UEs using mode 3 since the UE using mode 4 do not perform sensing on shared resource pools. On the other hand, when it comes to considering mode 3 UE’s sensing and reporting the resource occupancy status in shared resource pools, mode 4 UE’s resource keeping may help UEs using mode 3 (i.e., eNB-scheduled) to safely preclude resources occupied by UEs using mode 4.
[Observation 2.] For V2X resource pool sharing, the resource keeping procedure may increase the possibility of resource collisions with UEs using mode 3. Also, it may help UEs using mode 3 to safely preclude occupied resources depending on the mode 3 UE’s reporting capabilities.
[Proposal 2.] RAN2 is kindly requested to discuss the resource keeping procedures of UEs using mode 4 for V2X resource pool sharing.
On the other perspective, UEs using mode 4 can perform HARQ retransmission when the retransmission number is pre-configured by RRC configurations (denoted as allowedRetxNumberPSSCH). In current Release 14 specification [6], if the number of HARQ retransmission is equal to 1, then UEs using mode 4 select the time and frequency resources for the other transmission if there are available resources. If we consider this process based on the Release 14 LTE-V2X, it is obvious to achieve higher reliability by allowing the retransmission of V2X packets. However, when it comes to V2X resource pool sharing, occupying resources for retransmission may give some congestion to shared resource pools such as increasing CBR. This is a sort of reverse effects compared with the retransmission in Release 14. Therefore, we have to carefully discuss the HARQ retransmission procedures for UEs using mode 4 in terms of reliability, CBR, and PPPP with PDB.
[Observation 3.] When it comes to V2X resource pool sharing, occupying resources for retransmission may give some congestion to shared resource pools such as increasing CBR.
[Proposal 3.] RAN2 is kindly requested to discuss the HARQ retransmission procedures of UEs using mode 4 for V2X resource pool sharing in terms of reliability, CBR, and PPPP with PDB.
In the above context, if UEs using mode 3 (or mode 4) share some subpart of their allocated resource pool to UEs using mode 4 (or mode 3), the available resources for UEs who offer the resources for sharing may be congested comparing with not sharing resource pool. It means that not only the probability of resource collisions can be increased among the UEs in shared resource pools, but also system requirements (i.e., reliability, latency or data rate) may be supported. In order to guarantee system requirements for eV2X services, we may need to discuss a different rule to support system requirements in shared resource pools between UEs using mode 3 and UEs using mode 4.
[Observation 4.] In order to guarantee system requirements (i.e., reliability, latency or data rate) or eV2X services, we may need to discuss a different rule to support system requirements in shared resource pools between UEs using mode 3 and UEs using mode 4.
For example, in order to support reliability requirement of them, we may guarantee the reliability requirement by giving dedicated resources during resource pool sharing between UEs using mode 3 and UEs using mode 4. If UEs using mode 4 detect or measure CBR before sending V2X packets in the shared resource pools where the probability of resource collisions is high, UEs using mode 4 can request to change the way for resource allocation like UEs using mode 3 or request dedicated resources such as uplink resources (Uu). Also, this manner of sidelink transmission mode changes can assist the resource pool utilization in terms of high reliability.
[Proposal 4.] Sidelink transmission mode changes can be considered with resource pool sharing.
3. Conclusion
[Observation 1.] In order to consider V2X resource pool sharing, resource sensing and occupying procedures for mode 4 functionalities need to be enhanced.
[Observation 2.] For V2X resource pool sharing, the resource keeping procedure may increase the possibility of resource collisions with UEs using mode 3. Also, it may help UEs using mode 3 to safely preclude occupied resources depending on the mode 3 UE’s reporting capabilities.
[Observation 3.] When it comes to V2X resource pool sharing, occupying resources for retransmission may give some congestion to shared resource pools such as increasing CBR.
[Observation 4.] In order to guarantee system requirements (i.e., reliability, latency or data rate) or eV2X services, we may need to discuss a different rule to support system requirements in shared resource pools between UEs using mode 3 and UEs using mode 4.
Based on the above observations, we propose the following:
[Proposal 1.] Mode 4 resource sensing and occupying procedures should be enhanced for V2X resource pool sharing.

[Proposal 2.] RAN2 is kindly requested to discuss the resource keeping procedures of UEs using mode 4 for V2X resource pool sharing.
[Proposal 3.] RAN2 is kindly requested to discuss the HARQ retransmission procedures of UEs using mode 4 for V2X resource pool sharing in terms of reliability, CBR, and PPPP with PDB.
[Proposal 4.] Sidelink transmission mode changes can be considered with resource pool sharing.
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