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Introduction
This contribution is to discuss resource pool sharing between UEs in mode 3 and UEs in mode 4 in eV2X.
Discussion
Based on our understanding there would be at least two motivations on resource pool sharing: 1) Improving resource utilization 2) Avoiding collisions for cell edges UEs. 
For motivation 1), our understanding is it is not desirable that there are many semi-static or preconfigured resource pools in the network. In this case, one resource pool can not be easily or dynamically utilized by UEs in another mode even if the load of such resource pool is quite low. Therefore, to share pools can improve the resource utilization.
Regarding the second motivation, the example is shown in Figure 1. There is some cell-edge UEs operated in mode 3, which may collide with out of coverage UEs operated in mode 4. As the eNB does not know mode 4 UEs’ situation, the scheduled resources may collide with mode 4 UEs if they are sharing with the same resource pool. In this sense, it seems necessary that mode 3 UEs sense mode 4 UEs and explicitly or implicitly report mode 4 UEs’ situation to eNB so that mode 3 and mode 4 UEs do not collide in the same resource pool. 
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Figure 1 Collisions between mode 3 and mode 4 UEs

Based on above discussions, we have following observations,
Observation 1: Resource pool sharing can improve resource utilization and avoid collisions.

Considering different releases of UEs, there are different combinations on UEs who share the same resource pool, 
Case 1) Rel.14 mode 3 UE and Rel.14 mode 4 UE
Case 2) Rel.14 mode 3 UE and Rel.15 mode 4 UE
Case 3) Rel.15 mode 3 UE and Rel.14 mode 4 UE
Case 4) Rel.15 mode 3 UE and Rel.15 mode 4 UE
Different enhanced mechanism may be applied for different cases. For 1), it is impossible to do any enhancement considering both of them are legacy UEs. Therefore, the focused cases should be 2), 3) and 4). 
Observation 2: UEs with deferent releases may share the same resource pool. It needs to clarify which case is focused on before certain mechanism on resource pool sharing is discussed

For case 3) and 4), mode 3 UEs are new UEs so it is possible that mode 3 UEs are enhanced in order to share the same resource pool with mode 4 UEs. Based on our understanding, following mechanism could be considered,  
1) Reservation period in SA is set as real periodicity instead of “zero” for mode 3 UEs
2) Sensing is supported for mode 3 UEs
3) Mode 3 UEs select resource candidates and report them to eNB
Based on latest RAN1 spec [1], mode 3 UEs shall set the “Resource reservation” to zero even if such UEs are operated with SPS transmission. It would cause some collisions with mode 4 UEs who are not aware of SPS operation of mode 3 UEs. So it is reasonable that the reservation period in SA is set as real periodicity instead of “zero” for mode 3 UEs. 
Even above enhancement can make mode 4 UEs better predict mode 3 UE’s operation during sensing procedure, only replying on mode 4 UEs’ sensing to avoid collisions still seems not workable as eNB does not know mode 4 UEs’ situation. In this case, sensing and reporting candidate resources seem necessary elements for mode 3 UEs. So we have following proposal, 
Proposal 1: In case Rel.15 mode 3 UE share the same resource pool with mode 4 UEs (case 3 and case 4), following three enhancements are considered for mode 3 UEs, 
1) Reservation period in SA is set as real periodicity instead of always “zero”
2) Supporting sensing. The procedure of legacy mode 4 UEs could be the starting point.
3) Mode 3 UEs select resource candidates and report them to eNB. FFS the details on selection criteria and report manner.

The assumption here is to only report candidate resources of PSSCH to reduce signalling overhead. But PSCCH’s availability should also be considered when UE reports the candidate especially in case of non-adjacent scheduling. It means the reported candidate should guarantee both PSCCH and PSSCH are feasible for transmission. One example is shown in Figure 2 where PSSCH candidate #1 and #5 should not be selected as reported candidate since associated PSCCH is not available. 
Another factor that needs to consider is about latency requirement as well as timing line of resource selection window. UEs and eNB should have same understanding on T2 (service arrival time) and T3 (latency requirement). Such timing line could be either configured by eNB or reported by mode 3 UEs when such UEs report the candidates. 
In addition, to have good understanding on UEs’ recommendation in eNB side, it is beneficial that mode 3 UEs can report associated radio parameters like MCS, retransmission number, power and so on when UEs report the candidates. How to report the candidates (e.g., in which layer, and periodic/aperiodic or even triggered) could be further discussed.
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Figure 2 Candidate resource selection in case of non-adjacent scheduling of mode 3 UEs 

Above mainly addresses UE combination case 3) and case 4). For case 2) that Rel.14 mode 3 UEs and Rel.15 mode 4 UEs share the same resource pool, the only way is to enhance mode 4 UE. In this case, as SPS operation of mode 3 UE is not visible to mode 4 UEs, one enhancement is mode 4 UE will treat all UEs as SPS UEs. The demerit of such operation is it may cause the selected candidate becomes less as some UEs operated as dynamic scheduling may be interpreted as UEs with SPS transmission. We have following proposal, 
Proposal 2: In case Rel.14 mode 3 UEs share the same resource pool with Rel.15 mode 4 UEs (case 2), all mode 3 UEs (dynamic and SPS) are treated as “SPS UEs” by mode 4 UEs

Conclusion
In this contribution we discussed resource pool sharing between UEs in mode 3 and UEs in mode 4 in eV2X, we have following observations and proposals, 
Observation 1: Resource pool sharing can improve resource utilization and avoid collisions.
Observation 2: UEs with deferent releases may share the same resource pool. It needs to clarify which case is focused on before certain mechanism on resource pool sharing is discussed
Proposal 1: In case Rel.15 mode 3 UE share the same resource pool with mode 4 UEs (case 3 and case 4), following three enhancements are considered for mode 3 UEs, 
1) Reservation period in SA is set as real periodicity instead of always “zero”
2) Supporting sensing. The procedure of legacy mode 4 UEs could be the starting point.
3) Mode 3 UEs select resource candidates and report them to eNB. FFS the details on selection criteria and report manner.
Proposal 2: In case Rel.14 mode 3 UEs share the same resource pool with Rel.15 mode 4 UEs (case 2), all mode 3 UEs (dynamic and SPS) are treated as “SPS UEs” by mode 4 UEs
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