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[bookmark: _GoBack]Introduction
[bookmark: OLE_LINK1]In RAN #75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1] with the motivation to support advanced V2X services as identified in SA1 TR 22.886.Some detailed objectives of this work item are listed below:
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;

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In this contribution, we discuss the resource pool sharing between UEs using mode 3 and mode 4. In addition, some considerations and potential enhancements are also analyzed.
Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In Rel-14 V2X communication, the resource pool of UEs using mode 3 is orthogonal with the resource pool of UEs using mode 4, hence there is no conflict of resource utilization between mode 3 UEs and mode 4 UEs and the performance of Rel-14 UEs can be guaranteed. Besides, in previous RAN2 #99 meeting and RAN2 #99bis meeting, resource pool sharing between UEs using mode 3 and mode 4 was extensively analyzed by most companies. If radio resource pool sharing is introduced, different resource pools of mode 3 UEs and mode 4 UEs are overlapped. 

[bookmark: OLE_LINK23]On the one hand, resource pool sharing can improve the resource utilization efficiency significantly. On the other hand, resource collision is an unavoidable issue due to the different resource using manner for mode 3 UEs and mode 4 UEs. Note that the resource used by mode 3 UEs is scheduled by eNB while the resource of mode 4 UE is selected from available resource by sensing or from the resource pool randomly. Therefore, if UEs with different modes use the shared resource pool, resource conflicts would occur because mode 3 UE is unaware of the resource usage of mode 4 UEs and vice versa. The following section describes how to perform the resource pool sharing and some enhancements for collision avoidance. 
Resource pool sharing
Some companies proposed the concept of partial resource pool sharing and total resource pool sharing [2]. As the name implies, the former contains the shared resource pool and the dedicated resource pool, and the latter denotes that the whole resource pool is shared by mode 3 and mode 4 UEs simultaneously. Considering the motivation of resource sharing is to improve the resource utilization efficiency, only when the orthogonal resource pools for different-mode UEs cannot meet the system performance, should the shared resource pool be introduced.

Whether the partial shared resource pool should be configured for different-mode UEs is a question that needs very careful consideration. In our opinion, when the number of UEs increases to the lower threshold level, the partial shared resource pool should be configured for UEs. One thing to be aware of is that there exist both the shared resource pool and the dedicated resource pool for different-mode UEs. Thus, how to select an appropriate resource pool should be considered. For example, the eNB would preferentially schedule the mode 3 UE in the dedicated pool to ensure the performance of mode 3 UE and meanwhile the mode 4 UE would select resource from both its shared pool and the dedicated pool randomly. In addition, the CBR should be measured for each resource pool to achieve congestion avoidance while keeping high resource utilization.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Furthermore, whether the total shared resource pool should be configured or not is also an important issue. For example, when the number of UEs exceeds the higher threshold level, the system performance would not be satisfied if the UEs are configured with the partial shared resource pool. It seems that the total shared resource pool should be configured for UEs, however, without the dedicated resource pool, the performance of some particular situations would not be guaranteed. 

Proposal 1: The partial shared resource pool should be configured for different-mode UEs.

Proposal 2: Whether the total shared resource pool should be configured for UEs needs to further consideration.
Collision resolution-related issues
In order to avoid resource collision caused by resource pool sharing between UEs using mode 3 and UEs using mode 4, several enhancements were provided in last two meetings, which are analyzed below.
1. Enhancements of UEs using mode 3 
Concerning this point, there are three representative opinions as follows.
· Option1: Mode 3 UE performs additional measurement and reporting
Since the eNB is unaware of the resource utilization situation of mode 4 UEs, it would be necessary for mode 3 UE to perform measurement reporting over shared resource pool to help eNB scheduling available resource for mode 3 UEs. However, this mechanism would cause very high signalling overhead by frequent reporting or larger delay between measurement reporting and eNB scheduling.
· Option2:Set the resource reservation field of SCI format 1for mode 3 UE
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]For Rel-14 UEs, the resource reservation field in SCI format 1 is always set to zero for mode 3 UEs. Thus, the mode 4 UEs would be unaware of the intention of resource utilization of mode 3 UEs in the shared resource pool. If mode 3 UE is scheduled with SPS, the resource reservation field of mode 3 UE in SCI format 1 should be set according to the actual SPS configuration so that the mode 4 UEs avoid the reserved resource of mode 3 UEs. However, this enhancement cannot solve the resource collision problem for mode 3 UEs with one-shot transmission.
· Option3:Mode 3 UE uses the reserved bits in SCI format 1
For Rel-14 UEs, all the reserved bits are set to zero. Nevertheless, most companies hold the same view that some of these reserved bits can be set to non-zero in order to indicate the mode (mode 3 or mode 4) information of Rel-15 UEs. Thus, the mode 4 UE can exclude the resource occupied by mode 3 UE. However, the Rel-15 UE would be unaware of the mode information of Rel-14 UE.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In summary, each enhanced solution for mode 3 UE has its own advantages and disadvantages. In our opinion, the combination enhancement method that is gained by combining all these enhancements abovementioned should be considered to minimize the resource collision between UEs with different modes. For example, initially, the mode 3 UE performs the measurement reporting to acquire the available resource then if this UE is scheduled with SPS, the resource reservation field with SPS period would be used.

Proposal 3: From the perspective of enhancing mode 3 UEs, the combined enhancement of the above options should be considered.

2. Enhancements of UEs using mode 4 
In addition to the enhancement of mode 3 UE，mode 4 UE performs sensing and reporting is another possible alternative. However, this would lead to a lot of unnecessary reporting signaling especially when the mode 4 UE is far away from the scheduled mode 3 UE. To resolve this problem, only the mode 4 UEs near the mode 3 UE’s location should report the sensing results when the eNB schedule mode 3 UE.

Proposal 4: From the perspective of enhancing mode 4 UEs, only the mode 4 UEs nearby the scheduled mode 3 UE should perform the sensing and reporting.

It is noteworthy that whether the mode 3 UE or the mode 4 UE should be enhanced to solve the resource collision problem in the shared pool is another issue we need to solve. From our point of view, both the enhancements of mode 3 UEs and mode 4 UEs should be considered to protect both mode 3 UEs and mode 4 UEs from resource collision.

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 5: Both the enhancements of mode 3 UEs and mode 4 UEs should be considered in order to avoid resource collision.

3. Enhancements by some other factors
Besides the enhancements of UEs using mode 3 or mode 4, some other factors should be considered to minimize the resource collision. For example, some measurements (e.g. CBR) and PPPP should be taken into consideration in resource pool sharing. In order to decrease resource collision, the congestion should be reduced and the service with high priority should be guaranteed. 

Proposal 6: Some other factors (e.g. CBR, PPPP etc.) should be considered to further minimize the resource collision.
Conclusions
In this document, we discuss some questions regarding to resource pool sharing between UEs using different modes. Some proposals are listed as follows:
Proposal 1: The partial shared resource pool should be configured for different-mode UEs.
Proposal 2: Whether the total shared resource pool should be configured for UEs needs to further consideration.
Proposal 3: From the perspective of enhancing mode 3 UEs, the combined enhancement of the above options should be considered.
Proposal 4: From the perspective of enhancing mode 4 UEs, only the mode 4 UEs nearby the scheduled mode 3 UE should perform the sensing and reporting.
Proposal 5: Both the enhancements of mode 3 UEs and mode 4 UEs should be considered in order to avoid resource collision.
Proposal 6: Some other factors (e.g. CBR, PPPP etc.) should be considered to further minimize the resource collision.
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