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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 other objectives are discussed in our companion contributions [2~7]. 
2. Discussion
In Rel-14, resources for UE using mode 3 are allocated by eNB, which can ensure there is no resource collision among UEs using mode 3. Therefore, the packet reception ratio of UEs using mode 3 is expected to be higher than that of UEs using mode 4. If mode 3 and mode 4 UEs share the same resource pool, resource collision between mode 3 UEs and mode 4 UEs could happen and solutions are needed to mitigate the potential negative impact. In order to satisfy the requirement of the WID, the solution should make sure that the performance of mode 3 is better than mode 4 in the shared resource pool.
Proposal 1: In the shared resource pool it should be ensured that the performance of mode 3 is better than mode 4.

Generally, there are three scenarios for radio resource pool sharing between mode 3 UEs and mode 4 UEs:
Scenario 1: Both mode 3 and mode 4 UEs are Rel-14

If mode 3 UE is scheduled dynamically, mode 4 UE cannot avoid the collision with mode 3 UEs based on sensing. In this case, the performance of both mode 3 and mode 4 UEs may degrade significantly. If mode 3 UE is scheduled with SPS, it is possible for mode 4 UE to identify resources being scheduled to a mode 3 UE if we can assume resource reservation interval in SCI 1 transmitted by mode 3 UE is set to SPS period (note that it is fixed to zero in current specification). Even so, resource collision between mode 3 and mode 4 can possibly happen when SPS is reconfigured, furthermore, mode 4 UE can also use resources scheduled to mode 3 UE if PSSCH-RSRP and S-RSSI on the resources are relatively low. Consequently, the performance of mode 3 UE in this case is worse than that in Rel-14.
Scenario 2: Rel-15 mode 3 UE and Rel-14 mode 4 UEs

Since there is no enhancement for mode 4 UEs, the problems are very similar as Scenario 1. The only difference is that mode 3 UE can be required to perform sensing. The sensing results can be reported to the NW to assist eNB scheduling or used directly by mode 3 UE for resource reselection/selection. As eNB scheduling needs timely sensing results on every resource, the signaling overhead for reporting of sensing results could be very high. Alternatively, if used directly by mode 3 UE for resource reselection/selection, the performance of mode 3 UE is similar or even worse than mode 4, and there is no need for the NW to configure mode 3 resource pool any more.
Observation 1: In case of  Rel-14 mode 4 UEs sharing resource pool with mode 3 UEs, the performance of mode 3 UE may degrade significantly comparing to Rel-14.

Scenario 3: Rel-15/Rel-14 mode 3 UE and Rel-15 mode 4 UEs

In this case, it is possible to further enhance the resource selection behavior of Rel-15 mode 4 UE to protect resources scheduled for mode 3 UEs, e.g. mode 4 UE can preclude resources scheduled to or reserved for mode 3 UEs directly regardless of the PSSCH-RSRP and S-RSSI of the resources. 
If a mode 3 UE is scheduled with SPS transmission, mode 4 UE can identify the resources scheduled for that UE based on decoded PSCCH. If a mode 3 UE is dynamically scheduled and there is no restrict on the scheduling, mode 4 UE cannot identify the scheduled resources. To address this issue, eNB can configure a set of reserved resources that may be scheduled to mode 3 UEs. The set of reserved resources can be a superset of resources for all mode 3 UEs within the cell, i.e. eNB should only schedule resources from the set to mode 3 UEs. eNB can instruct mode 3 UEs to broadcast the reservation, as shown in Figure below. Based on the broadcast from mode 3 UEs, mode 4 UE can vacate these reserved resources, and then mode 3 UE cannot be impacted by mode 4 UE. Note that eNB can adjust the number of broadcasted resources dynamically according to the traffic load of mode 3 UEs within the cell, hence it cannot result in resource fragmentation issue as configuring separate resource pools.
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According to the discussion above, we have following proposal:

Proposal 2: 

· Only Rel-15 mode 4 UEs can share resource pool with mode 3 UEs;

· Enhance resource selection behavior of Rel-15 mode 4 UE to vacate resources scheduled or reserved for mode 3 UE, details FFS.

3. Conclusion
In this contribution we discussed the enhancement that is needed to support resource pool sharing between mode 3 and mode 4 UEs, we have following observation and proposals: 
Observation 1: in case of  Rel-14 mode 4 UEs sharing resource pool with mode 3 UEs, the performance of mode 3 UE may degrade significantly comparing to Rel-14.

Proposal 1: In the shared resource pool it should be ensured that the performance of mode 3 is better than mode 4.

Proposal 2: 

· Only Rel-15 mode 4 UEs can share resource pool with mode 3 UEs;

· Enhance resource selection behavior of Rel-15 mode 4 UE to vacate resources scheduled or reserved for mode 3 UE, details FFS.
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