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Introduction
The work item for Phase 2 enhanced V2X (eV2X) was approved [1] in RAN#75 and the objectives were identified:
	The detailed objectives of this work item are 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;



The issue was discussed in the previous 2 meetings with the following decisions:
Conclusion – RAN1#91 [2]
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.
Agreement – RAN1#92 [3]
Rel-15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period.
This contribution discusses the various challenges regarding the sharing of resources of mode 3 and mode 4 UEs, and addresses these problems with appropriate solutions.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Radio Resource Pool Sharing Scenarios
The following is an overview of the challenges faced in each of the scenarios where a mode 3 UE shares a resource pool with a mode 4 UE.
Each scenario is studied with the purview that the impact to legacy Rel. 14 mode 3 and mode 4 UEs is minimized, as concluded in RAN1#91 [2].


	Scenario
	Coexistence of UEs

	1
	Rel. 15 mode 3
	Rel. 14 mode 4

	2
	Rel. 14 mode 3
	Rel. 15 mode 4

	3
	Rel. 15 mode 3
	Rel. 15 mode 4



Scenario 1
In this scenario, the co-existence of a Rel. 15 mode 3 UE with a Rel. 14 mode 4 UE is studied.
Given that both groups of UEs (mode 3 and mode 4) are in geographical proximity to each other, the two groups of UEs are essentially sharing the same transmit resource pool, increasing the risk of collisions and reducing reception reliability. Currently, only mode 4 UEs carry out sensing and uses this information for allocating of vacant resources. For efficient resource allocation between the two groups of UEs, even mode 3 UEs would be required to carry out sensing of the resources before using them in order to not use overlapping resources, as well as report this information back to the eNB, as also discussed in [4-7]. This can be carried out in one of two possible ways:
· Mode 3 Enhanced CBR Reports,
· Mode 3 Sensing Reports.
Mode 3 Enhanced CBR Reports
While only the Rel. 14 mode 4 UEs carry out sensing of the previous resources using RSRP, both Rel. 14 UE groups have the capability to record the CBR occupancy report as well and send this report back to the eNB (in the case of mode 4 UEs, only the ones in RRC_CONNECTED send the report).
If a Rel. 15 mode 3 UE were to send reports back to the eNB to assist in resource scheduling, it could send a more detailed version of the CBR occupancy report. Currently, the UE measures the CBR per subframe and averages it out to generate the current CBR value. Instead of averaging it out, a Rel. 15 UE could provide the CBR values of each of the subframes in a given resource pool, thereby giving the eNB more information regarding the occupancy state of each subframe.
Proposal 1: Rel. 15 mode 3 UEs send a more detailed version of the CBR occupancy report by including the CBR values of each subframe of the resource pool, instead of averaging it out to provide a single value over the entire resource pool as done currently in Rel. 14.
Mode 3 Sensing Reports
Similar to how a Rel. 14 mode 4 UE senses previous resources using the RSRP measured in them, a Rel. 15 mode 3 UE could also carry out the same sensing process. The only addition to the process would be the necessity to report this information back to the eNB. The eNB would then be aware of resources occupied by all UEs, and given that it already knows the resources occupied by mode 3 UEs, it can also derive the resources occupied by mode 4 UEs alone. This information would then enable the eNB to avoid the resources occupied by mode 4 UEs and allocate resources to Rel. 15 mode 3 UEs in a more efficient manner.
Proposal 2: Rel. 15 mode 3 UEs carry out sensing of resources, similar to mode 4 UEs, and send this occupancy report to the eNB.

The biggest challenge in the reporting of the channel occupancy status by the Rel. 15 mode 3 UEs is the resulting signalling overhead. Using the existing CBR reporting mechanism to send a detailed CBR report would remove the issue of any signalling overhead, but would cause additional overhead due to the larger size of the report. The process of sensing previous subframes would require the Rel. 15 mode 3 UE to send this information to the eNB.
Observation 1: Using the existing CBR reporting mechanism would remove the issue of signalling overhead.
Observation 2: Sensing previous subframes would require the mode 3 UE to send this information to the eNB.
Given that the UEs share the same resource pool, all mode 3 UEs would essentially sense the same pool and send the same occupancy report. Hence, we propose that only a subset of Rel. 15 mode 3 UEs send the occupancy report to the eNB, as seen in Figure 1.
Observation 3: Having all Rel. 15 mode 3 UEs send a CBR occupancy report causes unnecessary overhead.
The selection of the Rel. 15 mode 3 UEs sending the report can be carried out by the eNB based on a variety of parameters, e.g. by selecting the UE(s) with good link quality, having an upcoming PUSCH grant or depending on UE category. The eNB can signal the selected UE(s) to transmit the report in its upcoming measurement report using event triggers, similar to how the CBR reporting works in Rel. 14. This will reduce the overhead caused by all the UEs transmitting the report, as well as lead to minimal specification impact.
[image: ]Proposal 3: Only a subset of Rel. 15 mode 3 UEs shall report the resource occupancy using the existing reporting mechanism as opposed to all mode 3 UEs, since they share the same resource pool.

Figure 1: Depicts the solutions discussed when mode 3 and mode 4 UEs share the same resource pool.
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In this scenario, a Rel. 14 mode 3 UE and a Rel. 15 mode 4 UE which is in coverage is studied.
By default, a Rel. 14 mode 4 UE would connect to the eNB and switch to mode 3 operation as instructed by the eNB. In a scenario with high vehicular traffic density, e.g. a congested road or a moving platoon, this will cause an overload to the PRACH and significant signalling overhead to allocate resources for these UEs.
Therefore, eNBs should have a better control of the amount of mode 3 UEs in a cell, especially in crowded scenarios with fast moving vehicles and high amount of sidelink traffic. Conditional switching of Rel. 15 mode 4 to mode 3 should be based on various criteria such as time spend in the particular cell, moving speed of the UE, and/or service class of the data, as depicted in Figure 1.
Resource management by the eNB can include the utilization of the exceptional resource pool in the case where the current resource pool for a UE switching from mode 4 to mode 3 is congested.
Proposal 4: Study conditional switching of Rel. 15 mode 4 to mode 3 based on a set of criteria.
Scenario 3
In this scenario, a Rel. 15 mode 3 UE and a Rel. 15 mode 4 UE is studied.
A Rel. 15 mode 4 UE does not know the resource allocation status of the resource pool. In order to avoid any probable resource allocation collision, one option would be for the mode 4 UE, which is in coverage, to send an occupancy report, as mentioned in scenario 1 for Rel. 15 mode 3 UEs. The mode 4 UE could send either a detailed CBR report, or a sensing report using the existing sensing information, to the eNB. This would provide the eNB with additional occupancy information to facilitate better resource allocation by avoiding scheduling mode 3 UEs in resources already being occupied by mode 4 UEs.
Another option for the Rel. 15 mode 3 UEs at the cell edge is to broadcast their own utilized resources in the same geographical region to the out of coverage (OoC) Rel. 15 mode 4 UEs, so that the mode 4 UEs, using its own sensing information as well, can avoid transmitting on the same resources, as shown in Figure 1.
Proposal 5: Rel. 15 mode 4 UEs send an occupancy report to the eNB to facilitate better resource allocation.
Proposal 6: Rel. 15 mode 3 UEs broadcast their occupied resources to the OoC Rel. 15 mode 4 UEs, in order to avoid resource collisions.
Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, the challenges faced in the sharing of resources for both mode 3 and mode 4 UEs were discussed. The following are the observations based on the discussed challenges: 
Observation 1: Using the existing CBR reporting mechanism would remove the issue of signalling overhead.
Observation 2: Sensing previous subframes would require the mode 3 UE to send this information to the eNB.
Observation 3: Having all Rel. 15 mode 3 UEs send a CBR occupancy report would cause unnecessary overhead.
The following proposals are put forth as potential solutions:
Proposal 1: Rel. 15 mode 3 UEs send a more detailed version of the CBR occupancy report by including the CBR values of each subframe of the resource pool, instead of averaging it out to provide a single value over the entire resource pool as done currently in Rel. 14.
Proposal 2: Rel. 15 mode 3 UEs carry out sensing of resources, similar to mode 4 UEs, and send this occupancy report to the eNB.
Proposal 3: Only a subset of Rel. 15 mode 3 UEs shall report the resource occupancy using the existing reporting mechanism as opposed to all mode 3 UEs, since they share the same resource pool.
Proposal 4: Study conditional switching of Rel. 15 mode 4 to mode 3 based on a set of criteria.
Proposal 5: Rel. 15 mode 4 UEs send an occupancy report to the eNB to facilitate better resource allocation.
Proposal 6: Rel. 15 mode 3 UEs broadcast their occupied resources to the OoC Rel. 15 mode 4 UEs, in order to avoid resource collisions.
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