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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 enhancement that is needed to support resource pool sharing between UEs using mode 3 and UEs using mode 4. 
2. Discussion
Resource pool is configured semi-statically, and the number of users in the resource pool may change dynamically, the mismatch between resource pool size and number of users can cause resource underutilization or resource pool congestion. Dynamic resource pool sharing between mode 3 and mode 4 UEs can mitigate the issue. 
In Rel-14, resources for UE using mode 3 are allocated by eNB through UE specific RRC signaling, which can ensure that 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, some enhancements are needed to eliminate or mitigate the mutual collision between mode 3 and mode 4. 
Proposal 1: In case of mode 3 UE and mode 4 UE are sharing the same resource pool, some enhancements should be introduced to eliminate or mitigate the collisions between mode 3 and mode 4 UEs. 
Generally, there are three scenarios for radio resource pool sharing between mode 3 UEs and mode 4 UEs:
Scenario 1: All mode 3 and mode 4 UEs are Rel-14

Rel-14 Mode 3 UEs may be scheduled either dynamically or semi-persistently (SPS). In case of dynamical scheduling, mode 4 UE cannot avoid the collision with mode 3 UEs based on sensing. If SPS scheduling for mode 3, as there is no resource reservation indication in SCI transmitted by Rel-14 mode 3 UE (resource reservation interval field is fixed to zero in current specification), mode 4 UE will not preclude resources actually reserved by mode 3 UE based on PSSCH-RSRP and PPPP of packets transmitted by mode 3 UE. Consequently, mode 4 UE may select to the resources reserved by mode 3 UE only if the S-RSSI measured on these resources are relatively low. 

In general, performance of both mode 3 and mode 4 UEs may degrade significantly in this scenario. In particular, due to the existence of mode 4 UE, high priority packets transmitted by mode 3 UE cannot be protected at all.
Scenario 2: Rel-15 mode 3 UE and Rel-14 mode 4 UE, with/without Rel-14 mode 3 UE
This scenario may appear when eNB configures the resource pool for Rel-14 mode 4 UE to Rel-15 and/or Rel-14 mode 3 UEs. In this scenario two enhancements can be made to new mode 3 UEs:

If the mode 3 UE is scheduled with SPS mode, the resource reservation field in SCI 1 transmitted by mode 3 UE can be activated and set to the actual SPS period. Mode 4 UEs can identify the resources reserved by mode 3 UEs after this optimization, and the issue on protection of high priority mode 3 transmissions in scenario 1 can be addressed. However, the performance of mode 3 UE in this case is only similar as mode 4, it still can be much worse than Rel-14 mode 3 due to the possible collision with mode 4 UEs. 

The other enhancement 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 selection/reselection. As eNB scheduling needs timely sensing results on every resource, the signaling overhead for reporting of sensing results could be very high. If there is Rel-14 mode 3 UE in the resource pool, eNB needs to schedule these Rel-14 mode 3 UEs based on sensing results provided by Rel-15 UEs, in this case, both Rel-14 and Rel-15 UE have to report geo-location timely. Alternatively, if used directly by mode 3 UE for resource selection/reselection, the mode 3 UE is actually working in mode 4, the performance of mode 3 UE is also similar as mode 4. 
Then the two enhancements above can only ensure that the performance of mode 3 is similar as mode 4. Actually, under this situation there is no need for the NW to configure mode 3 transmission any more. Furthermore, if there is Rel-14 mode 3 UEs in the resource pool the issue in scenario 1 may still exist.
Observation 1: In case of  Rel-14 mode 4 UEs sharing resource pool with mode 3 UEs, the performance of both mode 3 UE and mode 4 UE may degrade significantly comparing to Rel-14.

Scenario 3: Rel-15 mode 3 UEs and Rel-15 mode 4 UEs, with/without Rel-14 mode 3 UE 
This scenario may appear when the resource pool for Rel-15 and/or Rel-14 mode 3 UEs are (pre-) configured to only Rel-15 mode 4 UE. 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. 
The major issue here is how mode 4 UE can identify resources scheduled to or reserved for mode 3 UEs. After activating the resource reservation field in SCI 1, Rel-15 mode 4 UE can identify the resources semi-persistently scheduled to mode 3 UEs based on decoded PSCCH. But if a mode 3 UE is dynamically scheduled without any restriction 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 (including dynamically scheduled mode 3 transmission and Rel-14 mode 3 transmission) within the cell, i.e. eNB only schedules resources from the set to mode 3 UEs, as shown in Figure below. eNB can instruct mode 3 UEs to broadcast the reservation, based on the broadcast from mode 3 UEs, mode 4 UE can vacate these reserved resources. 
The benefit of the solution is that all kinds of mode 3 transmission can be protected. Note that eNB can adjust the number of reserved resources dynamically according to the traffic load of mode 3 UEs within the cell, hence it cannot result in resource underutilization or resource pool congestion issue as configuring separate resource pools.

[image: image1.emf]Frequency

Subframes

……

……

Set of resources reserved for Mode 3 UE


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;
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 both mode 3 UE and mode 4 UE may degrade significantly comparing to Rel-14.

Proposal 1: In case of mode 3 UE and mode 4 UE are sharing the same resource pool, some enhancements should be introduced to eliminate or mitigate the collisions between mode 3 and mode 4 UEs. 
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.
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