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Introduction
The work item for NR V2X was approved in RAN#83, and revised in RAN#85 [1], and the following objectives were identified in relation to resource allocation: 
	The objective of this work item is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) based on the study outcome captured in TR 38.885.
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.



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In this contribution, we propose the different resource pool configurations and resource selection procedures which are to be employed in Mode 2.

Mode 2 Resource Pool Configurations
In this section, we explore the possible options for the configuration of resource pools based on cast type, including specific procedures for groupcast communications.
Configuration of Resource Pools based on Cast Type
The definition of multiple resource pools within a SL BWP opens up the possibility of assigning individual resource pools for different purposes to a UE. This would result in less competition among UEs requiring resources that meet stringent reliability and latency requirements.
One of the criteria that can be used for the definition and configuration of multiple resource pools for a given UE is based on the cast or communication types – broadcast, groupcast and unicast communications. Each of the communication types have different reliability and latency requirements that have to be adhered to. Hence, the definition of resource pools for each communication type would ensure that there is no contention for resources across different communication types and would enable the efficient segregation of resources based on the requirements to be met. 
Due to the introduction of the feedback channel (PSFCH) only for unicast and groupcast communications, but not for broadcast communications, the design for the broadcast resource pool would vary from that of the unicast and groupcast resource pools. 
Based on the agreement in the previous meeting in RAN1 where the periodicity of the PSFCH is configurable for a given resource pool [2], it is possible for a UE to be provided with a configuration of a resource pool with PSFCH to be used for unicast and groupcast communications, and another resource pool without PSFCH for broadcast communications. This enables higher resource usage efficiency, since otherwise, resources configured for PSFCH would remain unused and wasted in case of broadcast communications.
If a common resource pool, across communication types, is defined over 10240 time slots (as is the maximum size of a resource pool in LTE V2X), with a slot containing 14 symbols each (maintaining an SCS of 15kHz), with 3 symbols of each slot defined for PSFCH, the percentages of unused resources can be calculated, as seen in Table 1. Different percentages of resources being used for broadcast communication are considered, along with different configurable periodicities N of the PSFCH, as agreed in [2].

	Percentage of Resources used for Broadcast Communications in a Common Resource Pool 
	33%
	50%
	100%

	Percentage of Unused Resources with Periodicity of PSFCH, N = 1
	7.14%
	10.71%
	21.43%

	Percentage of Unused Resources with Periodicity of PSFCH, N = 2
	3.57%
	5.36%
	10.71%



Table 1: Percentage of unused resources in a resource pool with PSFCH configured for broadcast.

Based on the analysis above, the number of resources left unused reduces with the increase in the periodicity of the PSFCH as well as with the decrease in the number of resources used for broadcast communications. The selection of lesser number of PSFCH symbols would also reduce the number of unused symbols. However, there would be a significant waste of resources in the case where a common resource pool is used with PSFCH defined for broadcast communications. 
Hence, providing configurations of resource pools with and without the feedback channel being incorporated would be an advantageous design choice. Accordingly, we have identified the following options for resource pool configurations based on the cast type, and is depicted in Fig. 1a, b and c.
Option 1: Separate resource pool for unicast and groupcast communications, and another resource pool for broadcast communications, the defining factor being the presence of the PSFCH in the former and its absence in the latter.
Option 2: Configuration of resource pools based on the cast type alone where individual resource pools for unicast, groupcast and broadcast communications
Option 3: Configuration of resource pools based on the presence of feedback alone:
· The resource pool without PSFCH configured will be used by broadcast communications, as well as unicast and groupcast communications with feedback disabled.
· The resource pool with PSFCH configured will be used by unicast and groupcast communications with feedback enabled.
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Figure 1a: Option 1 - Separate resource pool configurations for broadcast and groupcast/unicast


Resource Pool Configuration with PSFCH Periodicity N=2
Resource Pool Configuration with PSFCH Periodicity N=1
Resource Pool Configuration without PSFCH
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Figure 1b: Option 2 - Individual resource pool configurations for unicast, groupcast and broadcast
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Figure 1c: Option 3 - Separate resource pool configurations for feedback and non-feedback transmissions



Proposal 1: Configure multiple resource pools based on the cast type. The presence or absence of PSFCH has to be taken into consideration.

Proposal 2: Configure at least two types of resource pool configurations – one with PSFCH configured and one without PSFCH.
· The resource pool without PSFCH configured will be used by broadcast communications, as well as unicast and groupcast communications with feedback disabled.
· The resource pool with PSFCH configured will be used by unicast and groupcast communications with feedback enabled.

Mode 2 Resource Pool Configuration Mechanisms for Groupcast Communications
In order to cater to the high reliability and low latency of groupcast communications, even when operating in Mode 2, we propose that different procedures have to be followed if the group was initialized when in-coverage of a gNB and when out-of-coverage. This is described in more detail in the following subsections.
Group Initialization Occurs In-Coverage
If the group was formed and initialized when the UEs were operating in Mode 1, the gNB would provide resources for the member UEs of the group based on the requests sent by these UEs. The gNB could either allocate resources individually for each member, or could also allocate a set of resources common to all the members, following which the members can carry out sensing within this set. 
When the group moves out of the coverage of the gNB and into Mode 2, we propose that the gNB provides a (pre‑) configuration of a set of resources to the members based on the amount of resources that were used by the group while in-coverage. The member UEs can then utilize this set of resources and carry out sensing within them in order to communicate with each other. The advantage of such a (pre-) configuration is that the member UEs will have a dedicated set of resources which will not collide with other UEs carrying out groupcast or any other type of transmissions. This will ensure that the reliability and latency requirements of groupcast communications are met even when operating in Mode 2.
The (pre-) configuration of resources for the group can be updated when it moves back in-coverage with the gNB. This will enable the gNB to incorporate the updated demands of the group, for example, in the case where more UEs have joined the group.
Proposal 3: Support the (pre-) configuration of resources provided by the gNB, exclusive to a group, to the member UEs while in Mode 1, to be utilized when the group moves into Mode 2.

Group Initialization Occurs Out-of-Coverage
If the group was formed and initialized out-of-coverage of a gNB and when operating in Mode 2, the member UEs would have to carry out sensing for each of their individual communications within the group.
However, when the group moves in-coverage of a gNB, the members can receive resource configurations from the gNB based on the requests sent by the UEs. Once the gNB is aware of the requirements of the group, it can also provide a (pre-) configuration of resources for the group to communicate in when it moves out-of-coverage of the gNB.
Proposal 4: Support the (pre-) configuration of resources provided by the gNB for a group when it moves in-coverage of a gNB, even if it was formed out-of-coverage of the gNB.

Mode 2 Resource Selection Procedures
In this section, we discuss the possible resource selection and assistance procedures that can be employed by Mode 2 UEs.
Sidelink Resource (Re-) Selection Procedure
The existing selection scheme in LTE when a UE is operating in Mode 2 dictates that within a defined sensing window, the UE will carry out sensing based on the measured SL-RSRP to decide whether a given resource is occupied or not. Resources are selected by comparing the SL-RSRP to a pre-defined threshold SL-ThresPSSCH-RSRP in order to decide its occupancy status. The pre-defined threshold is an SL-RSRP value deduced from a list SL-ThresPSSCH-RSRP-List [3] ranging from -∞ dBm, -128 dBm to 0 dBm, +∞ dBm by considering the priority of the SCI to be transmitted (TX priority) as well as the priority stated in the decoded SCI (RX priority) in a given resource [4]. Based on the table defined in [5], the reporting range of RSRP by a UE is defined from -156 dBm to -44 dBm with 1 dB resolution, where ‑44 dBm would signify a resource with high occupancy, and -156 dBm would signify a resource with low occupancy.
If the TX priority and RX priority are taken to be the lowest value, the threshold against which the SL-RSRP is compared to is -2 dBm, which would mean that the UE is capable of selecting resources which are completely unoccupied as well as resources which are completely occupied. The issue with this approach is 2-fold:
· If a UE intending to carry out a low priority transmission selects a resource that is completely unoccupied, but does not really need the level of quality afforded by the selected resource, it deprives another UE of using the unoccupied resource for a high priority transmission.
· Although the priority of the transmission is low, a UE might select a resource that is already occupied and cause a resource collision with another UE having an ongoing high priority transmission.

Observation 1: In the LTE V2X selection procedure, a UE intending to transmit low priority transmissions is provided with a SL-RSRP threshold to select resources that can either deprive other high priority transmissions of an unoccupied resource, or even cause collisions to a UE with an ongoing high priority transmissions.

In the case where a UE cannot determine the required amount of resources within the defined threshold, the threshold value is increased by 3dB and the selection process is repeated. The increase of the threshold and selection process is repeated until the UE secures the required number of resources.
The drawback of this scheme is that the UE does not segregate the resources after increasing the threshold, even though it is aware that other UEs are occupying the resources and are of a lower quality that the initial ones with the defined threshold. All the resources that are selected, are eventually put into the same set of available resources, immaterial of whether the received power measured on these resources was higher in one and lower in another.
Observation 2: The increasing of the SL RSRP threshold results in the aggregation of resources with varying occupancy levels, of which some resources may be of a lower quality that what the transmitting UE requires.

In order to overcome the issues listed above, as well as to cater to not only the priority of a transmission, but also the reliability and latency requirements, it would be advantageous to bring in the new PQI parameters to determine the SL-RSRP threshold for the selection of resources. Also, instead of using a single threshold, a range or a set of thresholds catering to different QoS levels can also be introduced, primarily in order to restrict UEs requiring resources for low QoS transmissions from hogging unused resources. If a UE is forced to carry out reselection and increase the threshold, the reselected resources with a higher occupancy should be categorized appropriately so that the UE can select resources based on the QoS of the transmission accordingly.
Proposal 5: Carry out (re-) selection of resources by incorporating the following procedures:
· Introduce QoS parameters in the selection of SL-RSRP thresholds,
· A range or a set of thresholds are to be used to cater to different QoS requirements,
· Classification of resources selected based on the measured SL-RSRP values.

Assistance Information for UE Resource (Re-) Selection
Assistance information for resource selection can be provided to UEs in the form of reports being sent from one UE to another. When UEs are operating in Mode 2, they are expected to select their resources autonomously and hence will carry out sensing and selection procedures. The results of these sensing procedures can be sent to other UEs in the form of occupancy or measurement reports.
Since these reports are relevant only to the UEs in the same vicinity, or the same geographical area as described in LTE [6], a UE is expected to send the report only to other UEs in the same or neighbouring areas. Using these reports, the other UEs can form a zonal area resource usage map, where reports from different UEs will help understand the congestion/occupancy status of resource pools in the vicinity. This will enable them to decide the best available resources across geographical areas as well.
The content of the reports should include the following:
· Congestion or occupancy information – A UE reports sensing results of the previous slots, stating which resources could be used or which resources should be avoided by other UEs. This information can further be classified based on the communications type so as to give the other UEs a better picture of which resources to select.
· Feedback information – A UE reports the link characteristics between the UE and other UEs, providing information regarding the condition of the link, and whether it is feasible to use for certain priority based transmissions. This can be particularly advantageous among members of a group using groupcast communications.

Observation 3: UEs carrying out sensing can share their sensing results to neighbouring UEs to enable better resource allocation.
Proposal 6: Assistance information in the form of reports containing the congestion/occupancy status of resources as well as information regarding link characteristics can be shared between UEs.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: In the LTE V2X selection procedure, a UE intending to transmit low priority transmissions is provided with a SL-RSRP threshold to select resources that can either deprive other high priority transmissions of an unoccupied resource, or even cause collisions to a UE with an ongoing high priority transmissions.

Observation 2: The increasing of the SL RSRP threshold results in the aggregation of resources with varying occupancy levels, of which some resources may be of a lower quality that what the transmitting UE requires.

Observation 3: UEs carrying out sensing can share their sensing results to neighbouring UEs to enable better resource allocation.
Based on these observations, we propose the following:
[bookmark: _GoBack]Proposal 1: Configure multiple resource pools based on the cast type. The presence or absence of PSFCH has to be taken into consideration.

Proposal 2: Configure at least two types of resource pool configurations – one with PSFCH configured and one without PSFCH.
· The resource pool without PSFCH configured will be used by broadcast communications, as well as unicast and groupcast communications with feedback disabled.
· The resource pool with PSFCH configured will be used by unicast and groupcast communications with feedback enabled.
Proposal 3: Support the (pre-) configuration of resources provided by the gNB, exclusive to a group, to the member UEs while in Mode 1, to be utilized when the group moves into Mode 2.
Proposal 4: Support the (pre-) configuration of resources provided by the gNB for a group when it moves in-coverage of a gNB, even if it was formed out-of-coverage of the gNB.
Proposal 5: Carry out (re-) selection of resources by incorporating the following procedures:
· Introduce QoS parameters in the selection of SL-RSRP thresholds,
· A range or a set of thresholds are to be used to cater to different QoS requirements,
· Classification of resources selected based on the measured SL-RSRP values.

Proposal 6: Assistance information in the form of reports containing the congestion/occupancy status of resources as well as information regarding link characteristics can be shared between UEs.
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