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Introduction
There are two types of resource assignment for 3GPP LTE V2X communication, where the transmission resources of mode 3 UE are assigned by eNB, while the transmission resources of mode 4 UE are selected by UE itself through sensing. Both of the resource pools of mode 3 and mode 4 are configured by eNB, and also can be adjusted according to some measurements. At present the two resource pools are configured independently with each other.
In RAN #75 meeting [1], the following objective for radio resource pool sharing in PC5 of 3GPP V2X Phase2 work item is as follows:
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]
d)  Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
The advantage of dedicated resource pool lies in the collision avoidance between mode 3 UE and mode 4 UE since their resources come from different resource pools, and also lies in the collision avoidance between any two mode 3 UEs since both of their resources are assigned by eNB. However, dedicated resource pool may lead to low efficiency and inflexibility. For example, mode 4 UE is not allowed to select resources from mode 3 UE’s dedicated resource pool even if mode 4 UE’s dedicated resource pool encounters severe congestion. Although eNB can adjust resource pools according to some measurements, the adjustment is in semi-static manner. In addition, for the out of coverage mode 4 UEs using pre-configured resource pool, if the pre-configured resource pool is overlap with the resource pool used by the mode 3 UEs, the resource efficiency will be significantly improved comparing to non-overlay cases, and the only issue need to be solved is resource pool sharing between the mode 3 UEs on the coverage edge and out of coverage mode 4 UEs nearby. Therefore radio resource pool sharing between UEs using mode 3 and UEs using mode 4 is investigated in this contribution for improving resource efficiency and flexibility.
In RAN1 #91 meeting [2], the following conclusion is obtained:
	Conclusion
Companies are encouraged to analyse solutions’ impact to Rel-14 UEs using Mode 3 and Mode 4 respectively when considering the solutions for resource pool sharing with Rel-15 UEs using Mode 3 and Mode 4.


This contribution discusses the issues brought by resource pool sharing and possible enhancements from the point of view of resource pool sharing scenarios, and discusses potential enhancements on the existed resource collisions.
Discussion 
1.1. Issues and potential enhancements on mode 3/4 pool sharing scenarios
First of all, it is unnecessary to discuss resource pool sharing between Rel-14 mode 3 UEs and Rel-15 mode 3 UEs, and also between Rel-14 mode 4 UEs and Rel-15 mode 4 UEs. Besides this, there are five mode 3/4 resource pool sharing scenarios need to be discussed as follows.

Scenario 1: Rel-14 mode 3 UE + Rel-15 mode 4 UE
In scenario 1, only Rel-15 mode 4 UE can be enhanced. There are at least the following two issues in Scenario 1:
· Issue 1-1: eNB cannot identify the resources occupied by Rel-15 mode 4 UEs, and it is unable to allocate resources that certainly do not conflict with Rel-15 mode 4 UEs. Then the system performances of Rel-14 mode 3 UEs will be significantly degraded.
· Possible enhancement 1-1-1: If Rel-15 mode 4 UEs are in the coverage, Rel-15 mode 4 UEs report their occupied resources and SPS periods (and may be also location) to eNB in their RRC connected states. The reporting can be triggered by resource reselection. Considering that eNB may need to maintain the resource states for a long time,, a periodical reporting can be supplementary. Note that it is not very helpful for eNB and eNB even may be misled if only the sensing results of Rel-15 mode 4 UEs will be reported since it is not very easy for eNB to select the truly unoccupied resources. However, sensing results and locations can be supplementary information to be reported.
· Issue 1-2: Rel-15 mode 4 UEs cannot differentiate whether a resource that is occupied by a Rel-14 mode 3 UE with SPS reservation or a resource that is occupied by a Rel-15 mode 4 UE without any more reservation., since the resource reservation field of SCI format 1 of mode 3 UEs are set as 0 according to TS 36.213 [3], and then Rel-15 mode 4 UEs may select resources conflict with Rel-14 mode 3 UEs, and then the system performances of Rel-14 mode 3 UEs will be significantly degraded.
· Possible enhancement 1-2-1: An alternative method could be that the mode type is indicated in the SCI format 1 of Rel-15 mode 4 UEs. After receiving a SA, Rel-15 mode 4 UEs can identify Rel-14 mode 3 UEs by mode type, and can exclude the resources according to all the system allowed SPS periods.
Proposal 1: For the scenario of resource sharing between Rel-14 mode 3 UE and Rel-15 mode 4 UE, potential enhancements could be considered:
· Rel-15 mode 4 UE could report its resource reservation information to eNB to facilitate the resource allocation for Rel-14 mode 3 UE.
· A mode type could be indicated in the SCI format 1 of Rel-15 mode 4 UEs to differentiate between Rel-14 mode 3 UE and Rel-15 mode 4 UE.

Scenario 2: Rel-14 mode 4 UE + Rel-15 mode 3 UE
In scenario 2, only Rel-15 mode 3 UE can be enhanced. There are at least the following two issues in Scenario 2:
· Issue 2-1: eNB cannot identify the resources occupied by Rel-14 mode 4 UEs, and it is unable to allocate resources that certainly do not conflict with Rel-14 mode 4 UEs. Then the system performances of Rel-14 mode 4 UEs will be significantly degraded.
· Possible enhancement 2-1-1: Rel-15 mode 3 UEs use their sensing abilities and report their sensing results to eNB. The reporting can be simultaneously with or nearby every scheduling grant. If Rel-15 mode 3 UEs report sensing results by RRC signal, overhead reduction shall be considered to avoid severe impact to cellular users. The reporting overhead depends on payload of each report, report frequency, and also the number of reporting UEs. For example, eNB can determine the report ratio and choose some of the UEs to report.
· Issue 2-2: If the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs are still set as 0 like Rel-14 mode 3 UEs, Rel-14 mode 4 UEs cannot differentiate whether a resource that is occupied by a Rel-15 mode 3 UE with SPS reservation or a resource that is occupied by a Rel-14 mode 4 UE without any more reservation, and then Rel-14 mode 4 UEs may select resources which are conflict with Rel-15 mode 3 UEs, and then the system performance of Rel-14 mode 4 UEs will be significantly degraded.
· Possible enhancement 2-2-1: SPS period is indicated in the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs.
Proposal 2: For the scenario of resource sharing between Rel-14 mode 4 UE and Rel-15 mode 3 UE, potential enhancements could be considered:
· Rel-15 mode 3 UE could report its sensing results to eNB to aid the resource allocation for Rel-15 mode 3 UE, the details about the report method of Rel-15 mode 3 UEs need further discussion.
· SPS period of Rel-15 mode 3 UE can be indicated in the resource reservation field of SCI format 1.

Scenario 3: Rel-15 mode 3 UE + Rel-15 mode 4 UE
In scenario 3, both Rel-15 mode 3 UEs and Rel-15 mode 4 UEs can be enhanced. There are at least the following two issues in Scenario 3:
· Issue 3-1: eNB cannot identify the resources occupied by Rel-15 mode 4 UEs, and it is unable to allocate resources that certainly do not conflict with Rel-15 mode 4 UEs, if Rel-15 UEs are identical to Rel-14 UEs without any enhancements.
· Possible enhancement 3-1-1: Rel-15 mode 3 UEs use their sensing abilities and report their sensing results to eNB.
· Possible enhancement 3-1-2: If Rel-15 mode 4 UEs are in the coverage, Rel-15 mode 4 UEs report their occupied resources to eNB.
· Issue 3-2: Rel-15 mode 4 UEs cannot differentiate whether a resource that is occupied by a Rel-15 mode 4 UE without anymore reservation or a resource that is occupied by a Rel-15 mode 3 UE with SPS reservation, if the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs are still set as 0 like Rel-14 mode 3 UEs.
· Possible enhancement 3-2-1: SPS period is indicated in the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs.
Proposal 3: For the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE, potential enhancements could be considered:
· Rel-15 mode 4 UEs can report their occupied resources to eNB as assistant information of Rel-15 mode 3 UEs’ reporting.
· SPS period of Rel-15 mode 3 UE can be indicated in the resource reservation field of SCI format 1.

Scenario 4: Rel-15 mode 3 UE + Rel-15 mode 4 UE+Rel-14 mode 4 UE
In scenario 4, both Rel-15 mode 3 UEs and Rel-15 mode 4 UEs can be enhanced. There are at least the following two issues in Scenario 4:
· Issue 4-1: eNB cannot identify the resources occupied by mode 4 UEs, and it is unable to allocate resources that certainly do not conflict with mode 4 UEs. Then the system performances of Rel-14 mode 4 UEs will be significantly degraded.
· Possible enhancement 4-1-1: The same as possible enhancement 3-1-1.
· Possible enhancement 4-1-2: The same as possible enhancement 3-1-2.
· Issue 4-2: Rel-15 mode 4 UEs cannot differentiate whether a resource that is occupied by a mode 4 UE without anymore reservation or a resource that is occupied by a Rel-15 mode 3 UE with SPS reservation, if the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs are still set as 0 like Rel-14 mode 3 UEs.
· Possible enhancement 4-2-1: The same as possible enhancement 3-2-1.
Observation 1: The issues and possible enhancements of the scenario of resource sharing between Rel-15 mode 3 UE and mode 4 UE are identical to the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE.

Scenario 5: Rel-14 mode 3 UE + Rel-15 mode 3 UE+ Rel-15 mode 4 UE
In scenario 5, both Rel-15 mode 3 UEs and Rel-15 mode 4 UEs can be enhanced. There are at least the following three issues in Scenario 5:
· Issue 5-1: The same as issue 3-1.
· Possible enhancement 5-1-1: The same as possible enhancement 3-1-1.
· Possible enhancement 5-1-2: The same as possible enhancement 3-1-2.
· Issue 5-2: Rel-15 mode 4 UEs cannot differentiate whether a resource that is occupied by a Rel-15 mode 4 UE without anymore reservation or a resource that is occupied by a Rel-15 mode 3 UE with SPS reservation, if the resource reservation field of SCI format 1 of Rel-15 mode 3 UEs are still set as 0 like Rel-14 mode 3 UEs.
· Possible enhancement 5-2-1: The same as possible enhancement 3-2-1.
· Issue 5-3: Rel-15 mode 4 UEs cannot differentiate whether a resource that is occupied by a Rel-15 mode 4 UE without anymore reservation or a resource that is occupied by a Rel-14 mode 3 UE with SPS reservation.
· Possible enhancement 5-3-1: The same as possible enhancement 1-2-1.
Observation 2: The issues and possible enhancements of the scenario of resource sharing between mode 3 UE and Rel-15 mode 4 UE are similar to the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE.
1.2. Potential enhancements on the existed resource collisions
Although the above discussed enhancements can avoid resource collision to some extent, the collisions also may exist. For example, UE A and UE B may select the collide resources if they select the resources simultaneously, The collisions will not be found and handled until one of the reselection conditions is triggered, and continue collisions will degrade the performance significantly. Thus, enhanced collision avoidance shall be considered to avoid the existed resource collisions as soon as possible. The following options could be studied for collision avoidance:
· Option 1：eNB can broadcast resources occupied by mode 3 UEs. When a mode 4 UE finds a collision, it can reselect other resources. 
· Option 2：eNB also can find resource collision from the reporting of mode 4 UEs if the resources occupied by mode 4 UEs are indicated. If the collision is occurred between a mode 3 UE and a mode 4 UE, mode 3 UE may be assigned a different resource by eNB.
· Option 3： A collision report can be triggered if a UE finds a resource collision by sensing. If the collision is between a mode 3 UE and a mode 4 UE, eNB can adjust the resource of the mode 3 UE, and if the collision is between two mode 4 UEs, eNB can inform one of them or both of them to avoid collision.
Proposal 4: The following options could be studied for collision avoidance:
· Option 1: eNB can broadcast resources occupied by mode 3 UEs. When a mode 4 UE finds a collision, it can reselect other resources. 
· Option 2: eNB also can find resource collision from the reporting of mode 4 UEs if the resources occupied by mode 4 UEs are indicated. If the collision is occurred between a mode 3 UE and a mode 4 UE, mode 3 UE may be assigned a different resource by eNB.
· Option 3: A collision report can be triggered if a UE finds a resource collision by sensing. If the collision is between a mode 3 UE and a mode 4 UE, eNB can adjust the resource of the mode 3 UE, and if the collision is between two mode 4 UEs, eNB can inform one of them or both of them to avoid collision.
Conclusion
In this contribution, we have the following observation and proposals:
Proposal 1: For the scenario of resource sharing between Rel-14 mode 3 UE and Rel-15 mode 4 UE, potential enhancements could be considered:
· Rel-15 mode 4 UE could report its resource reservation information to eNB to facilitate the resource allocation for Rel-14 mode 3 UE.
· A mode type could be indicated in the SCI format 1 of Rel-15 mode 4 UEs to differentiate between Rel-14 mode 3 UE and Rel-15 mode 4 UE.
Proposal 2: For the scenario of resource sharing between Rel-14 mode 4 UE and Rel-15 mode 3 UE, potential enhancements could be considered:
· Rel-15 mode 3 UE could report its sensing results to eNB to aid the resource allocation for Rel-15 mode 3 UE, the details about the report method of Rel-15 mode 3 UEs need further discussion.
· SPS period of Rel-15 mode 3 UE can be indicated in the resource reservation field of SCI format 1.
Proposal 3: For the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE, potential enhancements could be considered:
· Rel-15 mode 4 UEs can report their occupied resources to eNB as assistant information of Rel-15 mode 3 UEs’ reporting.
· SPS period of Rel-15 mode 3 UE can be indicated in the resource reservation field of SCI format 1.
Observation 1: The issues and possible enhancements of the scenario of resource sharing between Rel-15 mode 3 UE and mode 4 UE are identical to the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE.
Observation 2: The issues and possible enhancements of the scenario of resource sharing between mode 3 UE and Rel-15 mode 4 UE are similar to the scenario of resource sharing between Rel-15 mode 3 UE and Rel-15 mode 4 UE.
Proposal 4: The following options could be studied for collision avoidance:
· Option 1: eNB can broadcast resources occupied by mode 3 UEs. When a mode 4 UE finds a collision, it can reselect other resources. 
· Option 2: eNB also can find resource collision from the reporting of mode 4 UEs if the resources occupied by mode 4 UEs are indicated. If the collision is occurred between a mode 3 UE and a mode 4 UE, mode 3 UE may be assigned a different resource by eNB.
· Option 3: A collision report can be triggered if a UE finds a resource collision by sensing. If the collision is between a mode 3 UE and a mode 4 UE, eNB can adjust the resource of the mode 3 UE, and if the collision is between two mode 4 UEs, eNB can inform one of them or both of them to avoid collision.
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