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Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified in relation to resource allocation:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
	Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In the previous meeting in RAN1#94bis, the following agreements were made [2]:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behaviour
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behaviour and signalling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
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Analysis of Different Flavors of Mode 2
The Mode 2 operation of UEs define how they transmit and receive information between each other without the assistance of the gNB. The UEs may or may not be in-coverage with the gNB, but is expected to autonomously decide on the resources to be used for transmission and reception.
The following subsections describe the different sub modes of the Mode 2 operation, and their effects on the overall V2X system communication performance.
Mode 2(a)
In the Mode 2(a) operation, UEs are expected to autonomously select their resources by sensing the previous resources. This essentially entails that UEs compete with each other for the optimum resource and can cause resource allocation collisions among UEs. The advanced sensing schemes, discussed in [3, 4, 5], will enable UEs to reduce these collisions in the best possible manner.
However, with the coexistence of UEs carrying out broadcast and unicast communications along with groupcast communications, the number of UEs competing for resources, each with varying requirements attached to the applications using them, result in inefficient resource allocation thereby causing collisions. Using a semi-static set of resources for each communications type while in-coverage would prove to be an optimized solution to reduce any overlapping of resources, as seen in [6], however this might not be feasible when operating out-of-coverage. However in groupcast communications, use of dedicated resources for each group would alleviate this issue to a large extent.
When operating out-of-coverage, a group leader UE can then carry out the sensing procedure for the entire group. This is possible by member UEs sending their resource requirements to the group leader UE, enabling the group leader UE to ascertain the resources required for the group. It can then carry out sensing to detect available resources and inform the members of the group of these available resources. It is also possible for the member UEs themselves perform sensing individually and send their sensing measurement reports to the group leader UE. This enables the group leader UE to compile a common set of resources after analyzing all available reports from the member UEs. More information on these aspects are detailed in Section 4.2.
If the group leader does not have the capability to allocate resources to the members, the member UEs can carry out sensing only within the dedicated set of resources to select its own required resources, thereby competing for resources with only other members of the group.
Observation 1: Using a dedicated set of resources for the group and the group leader UE carrying out sensing for the entire group reduces the sensing burden on member UEs and minimises collisions.
Observation 2: The member UEs can also assist in the selection of resources for the group by sending sensing measurement reports to the group leader UE.

Mode 2(b)
In the Mode 2(b) operation, UEs are expected to assist other UEs in the selection of resources. This assistance is possible in the form of reports being sent from one UE to another. Since UEs are expected to select their resources autonomously, they will carry out the sensing procedures under discussion [3, 4, 5]. 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 [7], 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.

A UE transmit these reports to the other UEs in one of the following methods:
· New Sidelink Feedback Control Information (SFCI)
· Part of the PSCCH via a new SCI meant for reporting assistance information
· Part of the PSSCH

It is feasible for the Mode 2(b) operation to be a feature for Mode 2(a), as well as Mode 2(d), based on the above observations. Hence we feel that this should be a feature available to all Mode 2 UEs, rather than a specific mode.
Observation 3: UEs carrying out sensing can share their sensing results to neighbouring UEs to enable better resource allocation.
Proposal 1: Mode 2(b) should be a feature available to UEs operating in all Mode 2 sub modes, and hence should not be a sub mode in itself.
Mode 2(c)
In the Mode 2(c) operation, UEs receive the RRC configuration, based on the NR grant-free type 1 configuration, with regard to the resource configurations. This can be similar to what is described in Mode 2(a), where the UE receives configurations for dedicated resources to carry out grant-free transmissions.
Within these sets of dedicated resources, the UE can carry out a grant free transmission with minimal possibility of collision between the resource allocations of other UEs. This can be supplemented by using the occupancy report and the feedback information report received from other UEs, in order to fine-tune its resource selection.
This is particularly advantageous for transmissions with high priority and low latency requirements. UEs operating in this mode can also carry out a pre-emptive reservation of resources before the actual transmission of data in order to further reduce the chances of resource allocation collisions.
Observation 4: Mode 2(c) can be used for high priority and low latency transmissions.
When the network has granted resources, based on RRC configuration/signalling, a portion of these resources may remain unused. In the context of group communications, the group leader UE could utilize these resources when it updates the resource set to be used by the entire group.
Observation 5: Unused resources based on the RRC configuration could be used by the group leader UE when selecting a dedicated set of resources for the group. 

Analysis of Mode 2(d)
In the Mode 2(d) operation, UEs have the ability to schedule resources for transmissions by other UEs. This mode of operation is viable for groupcast communications, where the selected resources have to adhere to high reliability and low latency requirements. 
Based on the inputs and discussions carried out in SA2, the formation of the group as such is outside the scope of the study item. This, however, does not mean that the resource allocation procedures for the group should not be handled. The group can be formed under a particular group ID, which may be assigned by higher layers, along with the assigning of the group leader. This group ID can implicitly contain the UE IDs of each member UE as well.
The group leader UE is by no means a different class or category of UEs, as all UEs are expected to have the capability to be a group leader. The group leader UE is selected beforehand by higher layers with assistance from the application based on the following parameters:
· UE initiating the group communications
· Position of UE within group
· Best link quality with member UEs

Parameters such as the best link quality between the members depend highly on the position of the group leader in the travelling group, and hence can simply adapt its position based on the link quality reports received from the member UEs. The group leader can be replaced by another UE in the event of the group leader disappearing. In this event, the UE that complies with the above listed parameters will take over the role of a group leader. The scheduling responsibilities of the group leader UE and the procedures to be followed are described in detail in the following sections.
Observation 6: Mode 2(d) should be supported along with the group leader UE being responsible for the allocation of resources for a particular group.
Resource Allocation Issues Affecting Groupcast Communications
In this section, we delve into the issues which differentiate groupcast communications from other types of communications and how these issues impact the resource allocation aspects of an NR V2X system.
Necessity of Group Leader UEs
Group leader UEs would essentially shoulder the responsibility for the resource management of a particular group. This would reduce the burden of the gNB to allocate resources for every member UE of the said group.
This is specifically advantageous in the case of Mode 2 operations, where members of the group would receive resource allocations from the group leader, effectively reducing collisions during resource allocation between member UEs.
The signalling overhead, which ranges from requesting for resource allocations to sending measurement reports, from every member UE to the gNB is reduced. Furthermore, since the pathloss between member UEs to the group leader is less than that to the gNB, each member UE has to transmit with less power, reducing the overall interference level in the V2X system.

Mode 2 Operation of Groupcast UEs
When a group of UEs have to operate without the assistance of the gNB, which is an important use case for platoons operating on highways, there needs to be an optimized solution for the allocation of resources among the members of the group. This includes communication between individual group members, which is vital to the performance of advanced driving use cases.
LTE V2X currently implements autonomous resource allocation by each UE having to perform sensing of resources and thereafter selecting the ones which are available. This causes collisions between UEs competing for resources, which is compounded by the introduction of different communication types.

Co-existence of Groupcast with Broadcast and Unicast Communications
With the introduction of the support of broadcast, groupcast and unicast communications to NR V2X, existing resource allocation methods have to be enhanced, since LTE V2X only supports broadcast communications. The resources allocated for groupcast communications have to adhere to a higher level of reliability and fulfil lower latency requirements. This is particularly vital for platoons, which operate with very low inter vehicle distance at high speeds.
The enhanced NR V2X resource allocation methodology has to satisfy the above requirements also for mixed traffic types in co-existing broadcast and unicast transmissions. The burden of managing the resource allocation currently falls solely on the gNB when in-coverage, or on each individual UE. The introduction of a group leader can aid in meeting these requirements in NR V2X.

Possible Resource Allocation Designs
This section describes a probable resource allocation design for groupcast communications, taking into account the issues listed in the previous section.
Introduction of Separate Resources for Each Group
Following up with the proposal in [8], assigning a subset of the groupcast resources for each group enables the following advantages:
· The group leader UE will be able to request for resources for the entire group, eliminating the need for each individual member to request for its own separate resources to the gNB.
· The size of the subset of resources can be altered in periodic intervals depending on the variable size of the group, as well as if certain group members request for more data for a given duration of time. The group members can carry out this request by using the Mode 2(b) functionality.
· The group will retain the resource configuration of the subset of resources even when the group moves out of coverage. The resource configuration of this subset can be carried on to other groupcast resources defined by a second gNB when it enters the coverage area of the second gNB.
· The allocation of resources within the subset of resources can work in one of two possible methods:
· The group leader UE will take on the role of assigning resources within the subset of resources for each member UE, ensuring that there is no collision between the allocations for each member UE.
· Each member UE can sense the subset of resources and select their own resources. The subset of resources makes this option conducive due to the fact that the member UEs of a particular group will only be competing for resources within themselves, and not with UEs carrying out broadcast or unicast communications.
[image: ]The basic functionality of the resource allocation scheme within the subset of resources is depicted in Fig. 1. 
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Figure 1: Subset of resources for Group 1 within the Groupcast resources, within the V2X resource pool
Proposal 2: Study the benefits of allocating a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.
Proposal 3: Study the necessity of a group leader UE, which can control the resource allocation for member UEs within the subset of resources for the given group.

Allocation of Resources for Each Group
When the group moves out-of-coverage, the individual set of resources being used by the group will have attached to it a validity period. Once the validity period elapses, the group leader UE allocates a new set of resources for the group based on the requests for resources sent in by the member UEs. The group leader UE carries out this resource selection procedure using the following steps:
· The group leader UE carries out the advanced sensing procedures across the previous time slots and selects resources for the entire group.
· Once selected, the group leader UE will announce the information regarding the selected resources to the member UEs as well as to other group leader UEs.
· This ensures that other group leader UEs do not select overlapping resources for their own groups.
· The announcements can be carried out in periodic intervals, via the SCI.
· The selected resources also have a validity period, based on a fixed time period, after which the group leader UE will have to carry out the sensing and selection procedure again.
This procedure is depicted in Figure 2, where the group leader UE of group 3 has its validity period for the group’s individual set of resources expiring at ta. Before the expiry at ta, the group leader UE carries out sensing across the available resources and finds that the unallocated resources (a) are available. Once it determines the subset of resources to use after ta, its last announcement before ta will inform the member UEs and other UEs about the new subset of resources the group will be using, along with the validity of the new subset.
Similarly at tb, the group leader UE of group 1 also carries out the processes of sensing and determining a new subset of resources, followed by the announcement to the relevant UEs before tb.
[image: ]
Figure 2: Selection of Subset of Resources by the Group Leader UE

It is also advantageous for some or all the group members to perform distributed sensing, especially for geographically distributed UE members. In this case, the member UEs send sensing reports to the group leader UE in order to either assist the group leader UE in selecting the resources for the entire group, or utilize the collected sensing measurement reports as is to select the resources for the entire group. 
Proposal 4: Study the effects of the resource subset allocation when the group moves out-of-coverage.
Proposal 5: We propose that the allocation of resources for the group be carried out by the group leader UE when out-of-coverage, by carrying out advanced sensing and announcement procedures. It also attaches a validity to the selected set of resources.
Proposal 6: Study whether it is beneficial for the member UEs to send distributed sensing reports to the group leader UE for selecting the group common resources.

Allocation of Resources for Each UE
We propose that a UE is capable of allocating resources to other UEs based on their demands for resources. For example, in the case of groupcast communications, the group leader UE is able to select resources for the entire group, as described in Section 4.1. It is possible to select resources from either the Type-1 grant free RRC configured resources which are unused, the pre-configured resources (LTE V2X Mode 4-like pre-configurations) or any granted but unused resources. Member UEs requiring resources send a request to the group leader UE, similar to that of a scheduling request (SR). The group leader uses this information to assist in allocation of resources for the member UEs.
Coupled with the announcement of the selected resources to the entire group, the group leader UE provides a grant response (GR) in one of the two following ways:
· Option 1: The group leader UE, based on the request for resources, allocates the resources to be used by the individual member UEs. The reliability of these resources are very high since they are individually allocated to each member UE.
· Option 2: The group leader UE informs the member UEs that they can carry out sensing within the set of selected resources for the group. Since only members of the group compete for these selected resources, the probability of collisions are low, and it avoids additional signalling overhead within the group.
These options are depicted in Figure 3.
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Figure 3: Exchange of Scheduling Request and Grant Response between Group Leader UE and Member UEs
Proposal 7: Study the procedures for allocating granted, or configured, but unused resources to the requesting UEs.
Proposal 8: Study how control messages are scheduled between UEs in group communication.
Proposal 9: We propose to study further the benefits between the group leader UE explicitly allocating resources for the member UEs and the member UEs sensing and selecting their own resources, within the selected set of resources for the group.
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Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: Using a dedicated set of resources for the group and the group leader UE carrying out sensing for the entire group reduces the sensing burden on member UEs and minimises collisions.
Observation 2: The member UEs can also assist in the selection of resources for the group by sending sensing measurement reports to the group leader UE.
Observation 3: UEs carrying out sensing can share their sensing results to neighbouring UEs to enable better resource allocation.
Observation 4: Mode 2(c) can be used for high priority and low latency transmissions.
Observation 5: Unused resources based on the RRC configuration could be used by the group leader UE when selecting a dedicated set of resources for the group.
Observation 6: Mode 2(d) should be supported along with the group leader UE being responsible for the allocation of resources for a particular group.
Based on these observations, we propose the following:
Proposal 1: Mode 2(b) should be a feature available to UEs operating in all Mode 2 sub modes, and hence should not be a sub mode in itself.
Proposal 2: Study the benefits of allocating a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.
Proposal 3: Study the necessity of a group leader UE, which can control the resource allocation for member UEs within the subset of resources for the given group.
Proposal 4: Study the effects of the resource subset allocation when the group moves out-of-coverage.
Proposal 5: We propose that the allocation of resources for the group be carried out by the group leader UE when out-of-coverage, by carrying out advanced sensing and announcement procedures. It also attaches a validity to the selected set of resources.
Proposal 6: Study whether it is beneficial for the member UEs to send distributed sensing reports to the group leader UE for selecting the group common resources
Proposal 7: Study the procedures for allocating granted, or configured, but unused resources to the requesting UEs.
Proposal 8: Study how control messages are scheduled between UEs in group communication.
Proposal 9: We propose to study further the benefits between the group leader UE explicitly allocating resources for the member UEs and the member UEs sensing and selecting their own resources, within the selected set of resources for the group.
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