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1 Introduction
At the RAN#75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1]. The aim of this work item is to support advanced V2X services as identified in 3GPP SA1 TR 22.886 by specify technologies for 3GPP V2X Phase 2. Also, backward compatibility with Release 14 V2X for the delivery of safety messages (i.e. CAM/DENM messages) should be considered for the specified technologies.
The following detailed objectives are included in this work item.
1. [bookmark: _GoBack]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_LINK5][bookmark: OLE_LINK6]In this contribution, we mainly discuss some problems about shared resource pool between mode 3 and mode 4, as described in d) above.
2 Shared resource pool between mode 3 and mode 4
2.1 Report by the UEs using mode 3
For the UEs using mode 3, they use resources for transmission based on scheduling by eNB. If the UEs share resource pool with the UEs using mode 4, collision may happen because the eNB has no information of the occupied resources and the reserved resources by the UEs using mode 4. So, valid information about resources not occupied and reserved by the UEs using mode 4 needs to be provided to eNB. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]One scheme (scheme 1) that can be used to provide this valid information to eNB is by allowing the UEs using mode 3 to identify unoccupied resources by sensing. For example, the UEs using mode 3 can perform sensing in the shared resource pool and report a set of unoccupied resources, e.g. SB or a subset of SB to eNB. Based on this information, eNB would be able to schedule mode 3 UEs in the resources that are not overlapped with reserved resources by the UEs using mode 4.
Proposal 1: To support sharing resource pool between the UEs with mode 3 and the UEs with mode 4, it is suggested that UEs using mode 3 perform sensing of the shared resource pool and report the resource occupation status to eNB.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Another possible scheme (scheme 2) that can be used to support shared resource pool between mode 3 and mode 4 is by allowing the UEs using mode 3 and the UEs using mode 4 to identify each other via decoding Sidelink control information (SCI). Based on the identification, the UEs using mode 3 can exclude the resources occupied by the UEs using mode 4 and report the unoccupied resources to eNB for scheduling. As for the resources occupied by the UEs using mode 3, it is not necessary to report because the resources used by mode 3 UEs are scheduled by eNB.
For this scheme (scheme 2) a new indicator in SCI would need to be considered. However, if some additional indication bits are added to SCI then it will result in decoding failure of scheduling assignment (SA) by Rel-14 vehicle UEs because of SA format incompatibility. So, it is advisable to use reserved bits of Rel-14 SA to indicate that the transmission UE belongs to mode 3 or mode 4. By using this method, Rel-14 vehicle UEs cannot identify Rel-15 vehicle UEs because they would not read the value of the reserved bits. But it is possible for the Rel-14 UEs to decode SA and legacy data from the Rel-15 UEs successfully. 
Proposal 2: If a new indicator is considered in SCI to identify mode 3 and mode 4, it is advisable to use reserved bits in SCI format 1 for the new indicator.
It can be seen that both schemes (scheme 1 and scheme 2) discussed above need the procedure of UE report (e.g., the UEs using mode 3 report the information of unoccupied resources and unreserved by other UEs). So the detail schemes of UE reporting should be considered further.
Generally speaking, the reporting can be performed by either some mode 3 UEs or all mode 3 UEs in a cell. If only one UE or a few of UEs report, it is beneficial for saving UL resources used to report. However, the sensing result of one UE may not be applicable to another UE because the sensing areas of the V2X UEs are varied. An occupied resource for a UE may be unoccupied for another far away UE. So, it is necessary for every UE using mode 3 to perform reporting. 
For the UEs using mode 3, eNB schedules dedicated transmission resources for them. In other words, eNB can schedule different resources for different UEs even though the candidate resources reported by different mode 3 UEs are overlapped or same. Thus, the UEs using mode 3 can only report several candidate resources or a subset of SB to eNB for saving UL resources used to report. For example, a UE can select several unoccupied resources with lowest PSSCH-RSRP measurement to report. 
Proposal 3: All mode 3 UEs using shared resource pool should perform report and it is unnecessary to report many candidate resources.
For the reporting of the UEs using mode 3, periodic reporting can be considered.
For the periodic reporting, the reporting period can be equal to multiple intervals of packet arrival if the interval of packet arrival is small. The disadvantage for this reporting is that the eNB cannot schedule resource for UEs based on the latest unoccupied resources info which may introduce collision with mode4 UE. 
For UE reporting, it is still possible that the eNB has no candidate resource or has not enough resources to schedule for UEs. In this case, an additional resource pool can be considered and eNB can schedule resources in the additional resource pool for reporting UEs. The additional resource pool is used to the UEs using mode 3 only, as shown in Figure 1.


Figure 1: The additional resource pool for mode 3
Proposal 4: Periodic reporting can be considered for the UEs using mode 3 and other schemes are FFS. An additional resource pool can be considered for eNB scheduling.
2.2 Report by the UEs using mode 4
For the schemes of the UEs using mode 3 reporting, the UEs using mode 3 need to know the resources occupied by the UEs using mode 4 by sensing or indicator, which needs specification modification. If the UEs using mode 4 are considered to report, this problem does not exist because sensing is supported for the UEs using mode 4 in Rel-14.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]As an example, a scheme of the UEs using mode 4 reporting is discussed below. As shown in Figure 2, Rel-15 V2X UEs using mode 4 share the resource pool with the UEs using mode 3 and the shared resource pool is divided into two subset for mode 3 and mode 4 respectively based on configuration. The UEs using mode 4 perform sensing in the shared resource pool and report CBR of the subset of mode 4 to eNB. The eNB configure the subset of mode 4 by a semi-persistent way according to the CBR reported. Consequently, the UEs using mode 3 and the UEs using mode 4 can share the resource pool in a semi-persistent way.


Figure 2: An example for the scheme of mode 4 UEs reporting
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: The schemes of shared resource pool by semi-persistent configuration should be considered. 
3	Conclusion
This contribution focused on shared resource pool between mode 3 and mode 4 for 3GPP V2X Phase 2. It also includes the following proposals:
Proposal 1: To support sharing resource pool between the UEs with mode 3 and the UEs with mode 4, it is suggested that UEs using mode 3 perform sensing of the shared resource pool and report the resource occupation status to eNB.
Proposal 2: If a new indicator is considered in SCI to identify mode 3 and mode 4, it is advisable to use reserved bits in SCI format 1 for the new indicator.
Proposal 3: All mode 3 UEs using shared resource pool should perform report and it is unnecessary to report many candidate resources.
Proposal 4: Periodic reporting can be considered for the UEs using mode 3 and other schemes are FFS. An additional resource pool can be considered for eNB scheduling.
Proposal 5: The schemes of shared resource pool by semi-persistent configuration should be considered.
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