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Introduction
The work item for NR V2X was approved in RAN#83, and revised in RAN#85 [1], and the objectives were identified in relation to L2/L3 protocols for Mode 1 resource allocation:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.



This contribution aims to show the need for supporting a Mode 1 sensing reporting mechanism, in order to lower the number of resource collisions between Mode 1 and Mode 2 UEs. 

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Resource Pool Sharing Between Mode 1 and Mode 2 UEs
This section deals with the configuration of shared resource pools for Mode 1 and Mode 2.
With regards to the separation of resource pools based on the operational modes, there are a few drawbacks of configuring separate resource pools for each of the modes. In LTE Release 14, separate resource pools were defined for Mode 3 and Mode 4. However, in Release 15, it was identified by RAN2 that in practical deployments, this was not a feasible solution since the pools for Mode 3 and Mode 4 inevitably overlapped with each other over a few resources due to the following issues:
· In a partial coverage scenario, the resource pool pre-configured for Mode 4 UEs could overlap with the eNB configured resource pool for Mode 3 UEs.
· In the scenario where inter-PLMN resource overlapping occurred, 2 different PLMNs are configured with overlapping resources in resource pools for Mode 3 and Mode 4 UEs.
· In the scenario where one of the pools are lacking resources, a UE operating in one mode could not use the resources available in the resource pool assigned to the other mode. This resulted in pool resource utilization.
Based on this analysis, it was unanimously agreed in LTE Rel. 15 to use a shared resource pool for both the operational modes [2], with the provision for Mode 3 UEs to send sensing reports to the eNB in order to avoid allocating already occupied resources. Since this is the final meeting of NR Release 16 for RAN1, we do not see the motivation to restrict NR to be configured with separate resource pools for Mode 1 and Mode 2 UEs without further investigation. Furthermore, it was already identified in LTE that separate resource pools could have a detrimental effect on the resource utilization of the resource pools.
Proposal 1: Allow the configuration of common resource pools for both Mode 1 and Mode 2 UEs.

The sharing of resources within a BWP for UEs operating in Mode 1 and Mode 2 is vital for ensuring efficient resource allocation between the two modes. This issue was discussed in detail in LTE Release 15, where it was decided that the eNB controlled Mode 3 UEs would send reports back to the eNB. A similar approach can be undertaken for NR V2X as well, given the current time constraints for the work item. The key issue that arises with the sharing of resources is that the schedulers of UEs operating in each of the modes (gNB in the case of Mode 1 and the UE itself in Mode 2) have to be aware of the current resource allocation status, in order to prevent the collision of allocated resources.
In the case of a Mode 2 UE, since the UE itself has to identify available resources, it can sense the previous time slots and select the available resources. It can also sense the presence of Mode 1 UEs as well in the previous time slots, and can avoid using these time slots that are used by Mode 1 UEs. It has to be kept in mind that the sensing and the subsequent elimination of resources that are occupied by other UEs work only when sensing for repeated SPS transmissions. One shot (OS) transmissions in either Mode 1 or Mode 2 cannot be predicted and hence sensing will not prove useful for Mode 2 UEs.
In the case of Mode 1 UEs, the gNB carries out the scheduling of the UEs and provides them with the exact resources in which they are to transmit. The problem with this method in a shared pool is that the gNB has no information about the Mode 2 UEs which are simultaneously competing for resources within the same pool.
The gNB would benefit immensely from any sort of occupancy reporting, which would enable it to not select resources already being used by Mode 2 UEs. In order to facilitate this, we propose that occupancy reports can be sent by a Mode 1 UE back to the eNB.
The resource pool sharing scenario means that both Mode 1 and Mode 2 UEs share the same set of sidelink (SL) transmission resources. This includes both UE mode types that perform aperiodic as well as periodic transmissions. If we consider the resource allocation and resource occupancy awareness from a gNB perspective, the gNB is unaware of Mode 2 UEs’ autonomous resource selection and usage of SL transmission resources.
This creates an inherent resource collision problem in the resource pool sharing scenario whereby a Mode 1 UE maybe scheduled to transmit on a resource already occupied by a Mode 2 UE. 
Depending on the traffic load between Mode 1 and Mode 2 UEs, the resource collision problem can be further compounded, especially if there happen to be more Mode 2 UEs. 
Observation 1: The absence of accurate resource occupancy information at the gNB regarding Mode 2 UE resource pool usage can lead to resource collisions.
The next issue is regarding the amount of resource collisions in a given set of transmission resources between Mode 1 and Mode 2 UEs such that the performance will be significantly impacted. This will depend on: 
1) Number of the Mode 1 and Mode 2 UEs sharing a given set of transmission resources (i.e. a single resource pool).
2) The number of periodic and aperiodic transmission for either modes (i.e. a higher number of aperiodic transmissions, which are as such random in nature, would cause an increased number of collisions).
3) The total amount of resources to be shared by both Mode 1 and Mode 2 UEs (i.e. a smaller set of sub channels).
Figure 1 illustrates a basic example scenario where Mode 1 and Mode 2 UEs share a snapshot of the same set of given resources and the various resulting collision types that may occur. Both types of UEs perform both periodic and aperiodic transmissions. The gNB schedules Mode 1 UEs while being unaware about the resources occupied by Mode 2 UEs.


Figure 1: Types of resource collisions between Mode 1 and Mode 2 UEs

Observation 2: Multiple types of collisions may occur in the full resource pool sharing scenario.

Mode 1 UE Reporting Solutions
It is within the scope of RAN2 to investigate possible reporting mechanisms to enable Mode 1 UEs to carry out sensing and transmitting this sensing result (i.e. occupancy status) back to the gNB, based on the functionality defined in LTE. The primary objective of this report is for the eNB to be aware of the interference environment as well as the occupancy of the resources, to be capable of efficiently scheduling resources within a given transmission resource pool.  
In LTE, all UEs carry out a basic level of occupancy and congestion reporting in the form of the Channel Busy Ratio (CBR) report and the Channel occupancy Ratio (CR). The CBR essentially provides the eNB with an indication of channel congestion by defining a ratio of the amount of sub channels that exceed a preconfigured RSSI threshold in the previous 100 subframes, whereas the CR is a ratio of the number of sub channels used for transmission by the UE to the total number of sub channels over a 1000 subframe period. While both these values are used by the eNB to manage the congestion of resources, they are considered inadequate or not accurate enough for the eNB scheduler to avoid probable collisions in resource allocation when both Mode 1 and Mode 2 UEs share a resource pool. On the other hand, Mode 2 UEs mainly select their resources based on advanced sensing mechanisms that are currently being discussed in RAN1.
In NR if a Mode 1 UE were to send reports back to the gNB to assist in resource scheduling, it would be better to send a more detailed version of the CBR report as the UE measures the CBR per subframe anyway, and averages it out to generate the current CBR value. Instead of averaging it out, the UE could provide the occupancy values of each of the resources in a given resource pool, thereby giving the gNB more information regarding the occupancy state of each resource.
Proposal 2: Mode 1 UEs can be configured to send a detailed occupancy report to the gNB.

As seen in LTE Rel-15, if a Mode 3 UE generates a detailed CBR report, as mentioned above, or even carries out a sensing process and has to send this in a report back to the eNB, it causes an increased overhead, resulting in an additional burden on the Mode 3 UE. 
Increased Overhead
In order to tackle the issue of increased overhead, we propose that only a subset of Mode 1 UEs may send a detailed CBR report (or channel occupancy report) back to the gNB. This is possible as for a given transmit resource pool, not all UEs are required to send the report, as they would be measuring the CBR across the same subframes and sub channels, and hence, would be redundant for all the UEs within the same pool to be reporting back to the gNB.
As such, currently in Rel-15, the transmission of a CBR report is based on triggered events. The trigger for sending the report can be based on a variety of parameters, such as link quality or UE category. Event-triggered reporting would remove the need for any additional signalling procedures for a new reporting mechanism and would not cause any additional overhead. Although the size of the CBR report as such would be larger in the case of a detailed CBR report, since the number of Mode 1 UEs reporting to the gNB is significantly lower than the current case where all UEs transmit the report, the effect of the overhead can be largely mitigated. This method also ensures minimal specification changes.
Proposal 3: Only a subset of Mode 1 UEs transmit the detailed occupancy report to the gNB, by configuring an enhanced set of triggers to send the occupancy report.


Conclusion
In this contribution, the challenges faced in the sharing of resources for both Mode 1 and Mode 2 UEs were discussed. The following are the observations based on the discussed challenges: 
Observation 1: The absence of accurate resource occupancy information at the gNB regarding Mode 2 UE resource pool usage can lead to resource collisions.
Observation 2: Multiple types of collisions may occur in the full resource pool sharing scenario.
[bookmark: _GoBack]Based on these observations, we propose the following:
Proposal 1: Allow the configuration of common resource pools for both Mode 1 and Mode 2 UEs.
Proposal 2: Mode 1 UEs can be configured to send a detailed occupancy report to the gNB.
Proposal 3: Only a subset of Mode 1 UEs transmit the detailed occupancy report to the gNB, by configuring an enhanced set of triggers to send the occupancy report.
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