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1. Introduction  
The following objectives form the crux of the 3GPP V2X phase 2 WI, which was approved in RAN#75:
	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;
2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].
Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]



This contribution carries out a high level discussion on the objective of resource pool sharing between UEs using mode 3 and mode 4, focusing on RAN2 aspects. 
2. Discussion
Partial Resource pool sharing
In Rel-14 V2X, two resource scheduling/allocation modes were specified:
1. Mode 3 (eNB-controlled resource allocation) whereby eNB provides specific resources (PSCCH & PSSCH) to be used for V2X transmission. Semi Persistent Scheduling (SPS) is also supported. This mode is only possible for UEs in coverage of the network.
2. Mode 4 (UE-Autonomous Resource Allocation) whereby eNB (pre)-configures resource pool(s) for PSCCH and PSSCH channel. UE performs sensing (based on measuring signal power) and selects resource for transmission according to predefined resource selection procedure. This is applicable to UEs both in coverage and out of coverage.
While the sharing of resources between Mode 3 and Mode 4 operation can potentially lead to more efficient resource utilization, a necessary condition to achieve that is to avoid coexistence issues between mode 3 and 4 devices given that the resource selection procedures are quite different. The eNB needs to be aware of what resources are being currently used for mode 4 operation. Similarly, UEs in mode 4 operation, when selecting resources, should be cognizant of what mode 3 resources are currently available for use. So, it seems that additional measurement signaling and reporting would be required to ensure efficient resource sharing. Specifically, mode 3 UEs may need to perform measurement reporting over shared resource pools so that eNB is aware of mode 4 transmissions. In addition, Rel-14 resource reservation procedure for mode 3 operation may also adversely impact mode 4 UE operation by limiting the candidate resource sets available for mode 4 UEs [1].
One aspect that may be useful to consider in this regard is to distinguish between partial sharing vs complete sharing of resources for Mode 3 and Mode 4. To better illustrate the point, consider Figure 1(a) where only a subset of resources are allocated for sharing between mode 3 and mode 4 operation and there are still some dedicated resources available for each mode to be used exclusively. This is in contrast to the case in Figure 1(b) where the entirety of resource pools for Mode 3 and Mode 4 are shared, meaning no dedicated resources available for Mode 3 or Mode 4 exclusive operation. While this is highly dependent on operator deployments, it would be useful to consider and compare the two general cases discussed above. For example, partial sharing of resources would grant greater flexibility in resource scheduling as the eNB can allocate resources for Mode 3 operation from either the shared or the dedicated set, taking into account other factors, e.g. congestion in each resource subset. More discussion on these factors follows further down in the document.


          
	(a)	(b)
Figure 1 Partial (a) vs total (b) resource pool sharing between mode 3 and 4
Rel-14 introduced the concept of geo-partitioning and association of resource pools with geo-zones. UEs in RRC Connected mode can be configured to report geographical location information to the eNB, which can assist the eNB in scheduling sidelink resources. So, there would be some benefit to allowing some dedicated resource pools for mode 3 and mode 4 operation and using the shared pools for other cases, i.e. when geo-partitioning is not applicable. Moreover, in order to meet the new set of requirements for eV2X phase 2 [2], including vehicles platooning and remote driving use case (which may require very low latency), it may be desirable to consider mode-specific resource pools such that contention between devices in different modes is minimal. 
Proposal 1:	RAN2 should discuss the possibility of supporting partial vs total resource pool sharing between Mode 3 and Mode 4.
If partial sharing of resources is considered, a further issue to discuss is how resource selection is performed between the dedicated and shared resource pools, both for Mode 3 and Mode 4 UEs. A number of factors can be considered when performing this selection such as:
· Congestion, i.e. based on information from measurements and reporting, eNB and/or UEs can choose between using the shared or dedicated set of resource pools
· PPPP. Dedicated or shared resource may be selected based on the priority of the packet to be transmitted.
· Coverage i.e. whether the UE is in coverage or out of coverage
· One shot vs multi-shot transmissions.
Considering the above factors, the eNB can more efficiently schedule resources for operation in Mode 3. Mode 4 operation would also be benefitted since UEs can have greater flexibility in choosing resources autonomously. Moreover, this would also reduce the measurement reporting burden on UEs, which may only need to collect and report information about the radio conditions for the shared resource pools. 
Proposal 2: 	The afore-mentioned factors can be considered when performing resource selection between shared and dedicated resource pools.
Enhancements to support reduced contention between Mode 3 and Mode 4 UEs
With respect to the possibility of increased conflict between Mode 3 and Mode 4 as a consequence of shared resource pools, a number of different enhancements were proposed in the last RAN2 meeting [3] to enable operation with reduced contention. We look at some of these proposed enhancements and present our views:
1. Modification to SCI fields for mode 3 UEs:
This seems to be by far the most popular option presented. The basic idea is that the SPS periodicity field, which is currently not used for Rel-14 mode 3 UEs can be set to the periodicity of the current SPS configuration. This would allow any mode 4 UEs to infer that these resources are currently configured for use and thus exclude them from the reselection procedure. Another related option was to introduce an additional field to indicate the UEs current mode of operation (i.e. Mode 3 vs 4). The upside of these enhancements is that they seem to have limited impact on Rel-14 UEs. However, indicating the SPS resource reservation field in this manner is only applicable for UEs with a valid SPS configuration and hence, may not apply to one-shot transmissions. Nevertheless, we think that this enhancement should be considered for Rel-15 UEs.
2. Additional sidelink reporting for mode 3 UEs:
Mode 3 UEs can additionally be configured to perform additional sensing and reporting occupation of sidelink resources to the eNB. This would allow the eNB to be aware of any resources under use by Mode 4 UEs and prevent potential collisions. This does however come at the cost of an increased reporting overhead and so, we think this should be further discussed in RAN2.
3. Dedicated resource pools set aside for specific cases:
The option of configuring some dedicated resources for specific cases where it is undesirable to have more contention between mode 3 and mode 4 UEs is somewhat related to the discussion on partial resource sharing concept discussed in the previous section. The concept itself seems agreeable to us, but a more relevant question is what specific cases/scenarios warrant the use of such dedicated resources. Some of the options presented are for UEs performing dynamically configured, one-shot transmissions and for UEs which have not yet reported the sensing results on the shared resources to the eNB [4]. These use cases do make some sense, but we may also need to look at this aspect from the point of view of supporting different V2X services for Rel-15 and the set of corresponding latency and reliability requirements. While it may seem desirable to set aside dedicated resource pools to address such cases, it may defeat the purpose of sharing resource pools between mode 3 and mode 4 UEs in the first place.  
Proposal 3: 	The resource reservation field in the SCI for Mode 3 UEs should be utilized to enable reduced conflict with Mode 4 UE resource selection operation.
Proposal 4: 	RAN2 to discuss enhancements for additional sidelink reporting and dedicated resource pool configuration to enable reduced conflict between Mode 3 and Mode 4 UEs.
3. Conclusion
[bookmark: _Ref458739888]This contribution discusses various aspects of resource pool sharing between mode 3 and mode 4 operation and makes the following observation and proposals:
Proposal 1:	RAN2 should discuss the possibility of supporting partial vs total resource pool sharing between Mode 3 and Mode 4.
Proposal 2: 	The afore-mentioned factors can be considered when performing resource selection between shared and dedicated resource pools.
Proposal 3: 	The resource reservation field in the SCI for Mode 3 UEs should be utilized to enable reduced conflict with Mode 4 UE resource selection operation.
Proposal 4: 	RAN2 to discuss enhancements for additional sidelink reporting and dedicated resource pool configuration to enable reduced conflict between Mode 3 and Mode 4 UEs.
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