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1 Introduction
In RAN #75 meeting, a new work item was approved to support V2X Phase 2 based on LTE (eV2X). One of the objectives of this 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]

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;


In this contribution, we will focus on the discussion about above bullet d), i.e., the resource pool sharing between mode 3 and mode 4 UEs.
2 Discussion
In Rel-14 V2X sidelink communication, both scheduled resource allocation (mode 3) and UE autonomous resource selection (mode 4) were specified. Particularly, mode 3 was designed to guarantee high-reliable V2X transmission over sidelink by means of centralized resource allocation by the eNB. In contrast, mode 4 was designed to enable timelier selection of resources by UEs themselves at some sacrifice of reliability, which is caused by the transmission collision. From this perspective, it is additionally required in Rel-14 that different and non-overlapping resource pools shall be configured for the two modes, and the pools configured for one mode cannot be shared by the other. 
However, in the practical deployments, due to lack of configuration coordination, there can be some scenarios where the transmission pools of mode 3 and mode 4 are inevitably overlapped with each other over some resources. For example:
·  Network edge (partial coverage): mode 4 resource pool pre-configured for the out-of-coverage UEs may cover the network-configured mode 3 resources pools for in-coverage UEs. 
· Inter-PLMN resource overlapping: for a carrier that shared by PLMN A and PLMN B, the pools configured by PLMN A for mode 4 may share some resources within the pools configured by PLMN B for mode 3.
In addition, resource pool sharing may also be used for improving the resource utilizations for intra-cell scenario. Specifically, the resources configured by the eNB in mode 3 pools and in mode 4 pools must be orthogonal in Rel-14. This means that, even if there are some resources currently unoccupied within the pool of a mode (e.g. mode 3) at some specific time, a UE with another mode (e.g. mode 4), which may be short of resources, is still prohibited from using those free resources. Thus, such orthogonal pool configurations in Rel-14 may not be an efficient way from perspective of resource utilization. However, the status will be significant improved if the pool sharing mechanism between mode 3 and mode 4 is considered. 
Observation 1: There are at least the following cases that should be addressed by resource pool sharing mechanism, including network edge (partial coverage), inter-PLMN resource overlapping and intra-cell configuration for improving resource utilization. 
To support the pool sharing mechanism, the critical issue that needs to be addressed from a RAN2 perspective is how to avoid the potential transmission collisions between the mode 3 and mode 4 UEs potentially on the shared resources. 
From RAN2 perspective, we think there can be two ways can be considered:
· One way is to coordinate each instance of mode 3 and mode 4 transmissions on the shared resources effectively at a subframe level. 

In this way, the collision avoidance related procedure may need to be carried out dynamically. Specifically, in order to guarantee effective mode 3 transmissions, there must be some regime by which the collisions potentially caused by mode 4 on the sharing resources can be effectively avoided. For example, an enhanced resource selection mechanism in MAC layer may need to be considered, so as to enable UEs in mode 4 to detect and avoid the resource scheduled to UEs in mode 3. From another perspective, mode 3 transmissions may also need to be scheduled by taking into account the potential resource occupation by mode 4, in order for collision avoidance on the shared resources. 
Considering that scheduling and resource selection both involve in RAN2 impact, we think that a dynamic pool sharing mechanism (e.g. at a subframe level), may need to be studied by RAN2, with the purpose of well coordinating mode 3 and mode 4 transmissions on a specific shared resource. 
· Another way is to configure the resources to be shared by mode 3 and mode 4 semi-statically in an appropriate way. 
Even though we aim to enable the resource pool sharing mechanism in Rel-15, it does not mean that there should always be some shared resources for mode 3 and mode 4 at any specific time. Take the intra-cell scenario for instance: when the resources are sufficient with only a few UEs within the network, the mode 3 resource pool is not necessarily to be overlapped with mode 4 pools, so as to keep the performance of mode 3 as well as possible. However, the resources of the two modes may be allowed to be shared when transmission congestion happens on sidelink, in order to improve the resource utilization and ultimately to accommodate more UEs’ transmission. Therefore, the network should be able to adjust the resource pools for the two modes, i.e. either overlapped or orthogonal, relying on actually circumstances in the network, whenever needed. 
Though whether to configure resource pools as sharing or orthogonal can be up to eNB decision, specific pool configurations are, however, (re-)configured to the UEs by RRC signalling. So if we simply reuse such pool reconfiguration manner based on Rel-14, the pool sharing mechanism can lead to extra signalling overhead, whilst some pools configured in certain places seem not that proper for such reconfiguration now and then (e.g. SIB21 modification for mode 4 pools).  Also, as what was shown above, such reconfiguration for mode 3 and mode 4 pool adjustment may result in underutilization of instant free resources. 
Therefore, there should be a proper way to configure the resources for sharing between the two modes (e.g. at a cell level). Such semi-static pool sharing mechanism via configuration, which may involve some RRC impacts, is suggested to be further investigated by RAN2.
Regarding the analysis above, the current Rel-14 V2X sidelink cannot well support the pool sharing mechanism, to avoid resource collision, either at the subframe level or at the cell level. Therefore, we suggest RAN2 to discuss both dynamic and semi-static resource pool sharing mechanisms, which are respectively for coordination on each transmission opportunity shared by the two modes and for an appropriate resource configuration.
Proposal 1: RAN2 is suggested to discuss both dynamic and semi-static resource pool sharing mechanisms, which are respectively for coordination on each transmission opportunity shared by the two modes (e.g. at a subframe level) and for an appropriate resource configuration (e.g. at a cell level). 
Especially for collision avoidance as discussed above, since the resources of mode 3 UEs are assigned by eNB which is usually not aware of the situations over sidelink (e.g. for the scenarios like Network-edge or inter-PLMN), it may be thus necessary for the mode 3 UEs to report resource occupation in the related pool for sharing, i.e. the resources selected by mode 4 or those available for mode 3, in order to assist eNB’s further eNB scheduling and avoid potential collision. 
However, it can be thus envisioned that extra uplink reporting overhead would be increased by the introduction of pool sharing mechanism. Though this aspect was raised by companies in RAN1 [2] [3] [4] (but not discussed yet), it is actually also an issue quite related to RAN2 considering since it is obviously has potential impact on uplink reporting design (e.g. conditions for reporting, reporting overhead optimization, etc.). In this case, it is suggest RAN2 to discuss whether the reporting of sidelink status by mode 3 UE is needed from a perspective of resource pool sharing. 
Observation 2: Reporting of sidelink status via mode 3 UEs may be helpful for eNB scheduling to avoid potential resource collision from mode 4 UEs,  whereas it may cause extra reporting overhead at the same time. 
Proposal 2: RAN2 is suggested to discuss whether some reporting of sidelink status by mode 3 UEs is needed for resource pool sharing mechanism. 
3 Conclusion

In this contribution, we discuss the resource pool sharing between mode 3 and mode 4 UEs, the observations and proposals are:

Observation 1: There are at least the following cases that should be addressed by resource pool sharing mechanism, including network edge (partial coverage), inter-PLMN resource overlapping and intra-cell configuration for improving resource utilization. 
Observation 2: Reporting of sidelink status via mode 3 UEs may be helpful for eNB scheduling to avoid potential resource collision from mode 4 UEs,  whereas it may cause extra reporting overhead at the same time.
Proposal 1: RAN2 is suggested to discuss both dynamic and semi-static resource pool sharing mechanisms, which are respectively for coordination on each transmission opportunity shared by the two modes (e.g. at a subframe level) and for an appropriate resource configuration (e.g. at a cell level). 
Proposal 2: RAN2 is suggested to discuss whether some reporting of sidelink status by mode 3 UEs is needed for resource pool sharing mechanism. 
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