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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#94, the following agreements were made [2]:
· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
· Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode 2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]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 a dominant 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 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 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. 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. The introduction of a group leader can aid the gNB to meet these requirements in NR V2X.

Possible Groupcast Resource Allocation Design
This section describes a probable resource allocation design for groupcast communications, taking into account the issues listed in the previous section.
Introduction of Resources for Each Group
Following up with the proposal of individual set of resources for each communication type, described in our accompanying contribution [3], 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 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 BWPs of a resource pool 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.
[bookmark: _GoBack]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 BWP, within the V2X resource pool

Proposal 1: Study the benefits of allocating a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.
Proposal 2: 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 3: Study the effects of the resource subset allocation when the group moves out-of-coverage.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Proposal 1: Study the benefits of allocating a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.
Proposal 2: 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 3: Study the effects of the resource subset allocation when the group moves out-of-coverage.
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