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Introduction
During the RAN2#101 meeting [1], the following agreements regarding radio resource pool sharing between UEs using mode 3 and mode 4 were reached:
Agreements:
1: Support resource pool sharing between Rel-15 mode-3 and Rel-15 mode-4 UE.
2: Support resource pool sharing between Rel-15 mode-3 and Rel-14 mode-4 UE.
3: Not support resource pool sharing between Rel-14 mode-3 and Rel-15 mode-4 UE.
4: Full resource pool sharing is supported. Partial resource pool sharing scenario is deprioritized in Rel-15.
5: Reuse Rel-14 single pool configuration for mode-3, no enhancement is needed.
6: It is up to RAN1 to decide on the tool of non-zero reservation bits for resource pool sharing.
7: It is up to RAN1 to decide on the tool of mode indicator in SCI for resource pool sharing.
8: FFS on the need of support of new mode-3 sensing report for resource pool sharing.

[bookmark: _GoBack]This revised contribution aims to clarify the need for supporting an enhanced mode-3 sensing reporting mechanism, in order to lower the number of resource collisions between mode 3 and mode 4 UEs. The revisions of this contribution include an updated discussion regarding the full resource pool sharing scenario in line with RAN2#101 agreements. Although no consensus could be reached in RAN2#101bis [2], regarding the need for an enhanced mode-3 sensing report, we strongly feel that the issue of minimizing resource collisions between mode-3 and mode-4 UEs in the full resource pool sharing scenario has not yet been adequately resolved.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Background
In order to completely understand the issues behind the resource pool sharing between mode 3 and mode 4 UEs, we would like to proceed by reflecting on the definitions of each of the modes and how the resource pools for each of them are currently being selected in Rel. 14 as described in [3]. Fig. 1 represents the transmission pool selection flowchart for Mode 3 and 4 UEs in line with the following discussion.
Mode 3 UEs
A UE is said to operate in mode 3 only when the eNB schedules the exact resources to be used within a given resource pool. The UE operates in this mode only when in coverage and in an RRC_CONNECTED state.
Mode 4 UEs
A UE is said to operate in mode 4 when the resource allocation is carried out in a distributed manner by the UE itself. The UE can be either in or out of coverage, as well as in either an RRC_CONNECTED or RRC_IDLE state to function in this mode. 
An out-of-coverage UE will use the transmit pool as defined in its pre-configuration (SL-V2X-Preconfiguration). A UE when in coverage and in an RRC_IDLE state, receives SIB21 which contains the information element (IE) SL-V2X-ConfigCommon, which in turn defines the IE V2X-CommTxPoolNormalCommon. This particular IE contains the set of a maximum of 8 transmit resource pool configurations, each of which are defined by the IE SL-CommResourcePoolV2X. The UE also receives the zoneConfig IE which helps the UE in calculating its zoneID (ranges from 0 to 7), and based on this zoneID, selects the singular relevant transmission resource pool from the received set of pools. In the case where the UE does not receive the zoneConfig, it selects the first pool associated with the synchronization reference source.
Similarly, when the UE is in the RRC_CONNECTED state, it receives the RRCConnectionReconfiguration message which contains the V2X-CommTxPoolNormalDedicated IE. This IE, which is provided by the eNB, instructs the UE as to whether it will receive the exact resources for transmission (scheduled, mode 3) or it has to select its own resources for transmission based on sensing (ue-Selected, mode 4).
Depending on this selection, the UE is provided with a set of transmission resource pools. In the scheduled case, the UE is provided with the V2X-SchedulingPool IE, which contains the set of a maximum of 8 transmit resource pool configurations, each of which are defined by the SL-CommResourcePoolV2X IE. In the ue-Selected case, the UE is provided with the V2X-CommTxPoolNormalDedicated IE, which then contains the set of a maximum of 8 transmit resource pool configurations, each of which are defined by the SL-CommResourcePoolV2X IE, as similarly described for the scheduled case. The UE also receives the zoneConfig IE which helps the UE in selecting the singular relevant transmission resource pool from the received set of pools.
[image: ]

Figure 1: Graphical Representation of Resource Pool Selection
Based on the information stated above, it can be concluded that there exists only a single transmit pool associated to a single zoneID, in each of the defined scenarios. Defining the same resource pools for the different scenarios (and their respective IEs) would essentially mean mode 3 and mode 4 UEs both share the same resource pool.
Although the mode 4 UEs can be aware of the resources used by a mode 3 UE or a fellow mode 4 UE thanks to its sensing mechanism, there is no current method to inform the eNB of the usage of the resources in a resource pool by a mode 4 UE, resulting in possible collisions while allocating resources for transmission. A possible solution to this issue is to enable mode 3 UEs to carry out sensing and resource occupancy reporting to enhance the eNB’s resource allocation/scheduling capabilities, which is discussed in detail in Section 4.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Full Resource Pool Sharing
Based on the email discussions [4] regarding the shared pool configurations, full, partial and separated/dedicated resource pool configurations were discussed. According to the chairman’s notes of the RAN2#101 meeting [1], it was agreed that full resource pool sharing would be supported, while the partial resource pool sharing scenario would be deprioritized for Rel. 15. 
The full resource pool sharing scenario would essentially mean that both mode 3 and mode 4 UEs share the same set of sidelink (SL) transmission resources. This includes both UE mode types that perform one shot transmission as well as SPS transmissions. If we consider the resource allocation and resource occupancy awareness from an eNB perspective, then according to the V2X Rel. 14 specification [5], the transmission resources are allocated as follows:
· The eNB schedules mode 3 UE SL transmission resources, which include control information and data. 
· The eNB provides the resource pool configuration via SIB21 to mode 4 UEs. Furthermore, these transmission resources may be fully shared with mode 3 UEs.  As a result, the eNB is completely unaware about mode 4 UEs’ autonomous resource selection and usage of SL transmission resources.
This creates an inherent resource collision problem in the full resource pool sharing scenario whereby a mode 3 UE maybe scheduled to transmit on a resource already occupied by a mode 4 UE. 
Depending on the traffic load between mode 3 and mode 4 UEs, the resource collision problem can be further compounded, especially if there happens to be more mode 4 UEs when compared to mode 3 UEs. 
Observation 1: The absence of accurate resource occupancy information at the eNB regarding mode 4 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 3 and Mode 4 UEs such that the performance will be significantly impacted. This will depend on: 
1) Number of the mode 3 and mode 4 UEs sharing a full given set of transmission resources (i.e. a single transmit pool).
2) The number of one shot and SPS transmission for either modes (i.e. a higher number of one shot 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 3 and mode 4 UEs (i.e. a smaller set of sub channels or sub channels of lower bandwidth).
Fig. 2 illustrates a basic example scenario where mode 3 and mode 4 share a snapshot of the same set of given resources and the various resulting collision types that may occur. Both types of UEs can perform either one shot or SPS transmissions. The eNB schedules the mode 3 UEs while unaware about the resources occupied by mode 4 UEs.



Figure 2: Types of resource collisions between Mode 3 and Mode 4 UEs

Observation 2: Multiple types of collisions may occur in the full resource pool sharing scenario.
Proposal 1: A mechanism is required to aid the eNB in resource allocation to lower the amount of collisions in this full resource pool sharing scenario. Hence, an enhancement (with minimal specification impact) would be to enable mode 3 UEs to feedback occupancy information to the eNB regarding the usage of resources in a given resource pool.
Mode 3 UE Reporting Solutions
The scope of  RAN2 would be investigate possible reporting mechanisms to enable mode 3 UEs to carry out sensing and transmitting this sensing result (i.e. occupancy status) back to the eNB [6-12]. 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.  
Currently, 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 3 and mode 4 share a resource pool.
On the other hand, mode 4 UEs select their resources by measuring the RSRP in the previous 1000 subframes and eliminating resources which are 
· used by the said UE for transmission,
· above a preset RSRP threshold (which depends on packet priority), and 
· reserved by other UEs for future transmissions. 
Mode 4 UEs currently do not send this information elsewhere, but just use it for their own resource selection.
If a mode 3 UE were to send reports back to the eNB 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 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 2: Mode 3 UEs send a more detailed version of the CBR 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.
As identified in the email discussions [4], 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 sidelink latency issues and increased overhead, resulting in an additional burden on the mode 3 UE. The proposed solutions to these issues are discussed in Section 4.1 and 4.2.
Increased Overhead
In order to tackle the issue of increased overhead, we propose that only a subset of all mode 3 UEs send a detailed CBR report (or occupancy report) back to the eNB. 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 eNB.
As such, currently in Rel. 14, the transmission of a CBR report is based on the triggered events V1 and V2. The trigger for sending the report can be based on a variety of parameters, such as link quality or UE category, along with the existing v1-Threshold and v2-Threshold. These triggers are currently defined in the ReportConfigEUTRA.
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 3 UEs reporting to the eNB 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 3 UEs transmit the detailed CBR report to the eNB, using an enhanced set of triggers to set the event in action.
Latency Issues
Another issue that was raised in the email discussions [4] was the excess delay that would be introduced due to the additional reporting. This delay refers to the time it takes until the detailed CBR report is received and processed by the eNB to enable the enhanced scheduling of mode 3 UEs. As mentioned in the previous sub-section, if only a subset of all the mode 3 UEs would be reporting the detailed CBR report back to the eNB, another criterion that could be used to decide the subset is the priority of the V2X transmission. A mode 3 UE having only lower priority transmissions could be selected to send the detailed CBR report, and, since the UE is not bound by stringent latency constraints, would not cause a latency issue as such.
Proposal 4: Select the subset of mode 3 UEs based on a lower priority of the transmission, thereby not posing any latency issues to the system.
Conclusion
The following are the observations based on the discussed challenges: 
Observation 1: The absence of accurate resource occupancy information at the eNB regarding mode 4 UE resource pool usage can lead to resource collisions.
Observation 2: Multiple types of collisions may occur in the full resource pool sharing scenario.
The following proposals are brought forward:
Proposal 1: A mechanism is required to aid the eNB in resource allocation to lower the amount of collisions in this full resource pool sharing scenario. Hence, an enhancement (with minimal specification impact) would be to enable mode 3 UEs to feedback occupancy information to the eNB regarding the usage of resources in a given resource pool.
Proposal 2: Mode 3 UEs send a more detailed version of the CBR 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 3: Only a subset of mode 3 UEs transmit the detailed CBR report to the eNB, using an enhanced set of triggers to set the event in action.
Proposal 4: Select the subset of mode 3 UEs based on a lower priority of the transmission, thereby not posing latency issues to the system.
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