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Introduction
In this contribution, we provide summary of sidelink resource allocation aspects for NR-V2X sidelink communication design. Based on review of submitted contributions, the following list of open aspects was identified and needs to be addressed under this agenda:
Sidelink resource allocation modes (e.g. gNB-controlled or UE-autonomous, etc.)
· Resource sharing aspects b/w gNB controlled and UE co resource allocation modes
Sidelink resource configuration (sidelink resource pools structure)
· Configuration, amount and multiplexing options for sidelink resource pools
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s)”
Resource allocation aspects for different sidelink physical channels
· Channel access considerations for different sidelink physical channels
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s))”
Selected aspects of gNB-controlled resource allocation mode
· Sidelink resource sharing between gNB-controlled and UE-autonomous resource allocation modes
· Switching aspects between gNB-controlled and UE-autonomous resource allocation modes
· Note: There is a potential overlap with another agenda item “7.2.4.3.1 Enhancements of LTE Uu and NR Uu to control NR sidelink”
Design details of UE-autonomous resource allocation mode(s) 
· Sidelink channel access aspects for sidelink transmissions (control and shared channel) in case of unicast, groupcast and broadcast sidelink transmissions
· UE behavior to select sidelink resource for control channel transmission including feedback related aspects
· UE behavior to select sidelink resource for shared channel transmission
Next sections provide additional details on the sidelink resource allocation aspects identified above.

Resource Allocation Performance Targets
Based on overview of submitted contributions at least the following aspects need to be considered for design of resource allocation mechanisms for NR-V2X sidelink communication:



Summary of discussion on resource allocation aspects
RAN1 considers potential impact to sidelink resource allocation design in studying the following issues
· Impact of half-duplex issues
· Impact from in-band emission
· Collisions and hidden node problems
· Support of various latency, priority, reliability, data rate and communication range targets
· Handling of periodic and aperiodic traffic and mixture of traffic types
· Operation in licensed and ITS carriers
· Sidelink resource fragmentation in time/frequency
· Support and coexistence of unicast/groupcast/broadcast communication
· Resource sharing b/w gNB controlled and UE-autonomous resource allocation modes
· Potential in-device coexistence problems across different PC5 RATs
· May be mainly discussed in dedicated agenda item
· Sidelink carrier aggregation for NR sidelink and UE capability limitations
· Utilization of geographical location information 
· Mobility and UE density
· Congestion control (how it affects UE behavior based on measurements for congestion control)
· Potential overlap with QoS management
· Impact of distributed antenna systems (e.g. how to take into account multiple panels)
· Multiplexing of numerologies if supported
· FR1/FR2 design specific considerations
Sidelink Resource Allocation Modes
In submitted contributions, companies discuss two resource allocation modes gNB-controlled (Mode-1) and UE-autonomous resource allocation modes (Mode-2) and their possible variations. In gNB-controlled mode, gNB provides/schedules UE with sidelink resources to be used for sidelink transmission(s) and UE-autonomous (Mode-2), where it is commonly assumed that some set of sidelink resources is configured by gNB/Network (or pre-configured) and UE determines sidelink resource to be used for sidelink transmission. Companies also discuss possible variations of design options for Mode-1 and Mode-2 operation. In case of Mode-1, companies discuss the level of sidelink control that gNB may need, including full control (i.e. gNB schedules resources) or partial control on sidelink transmission resources and parameters including specific details for broadcast/groupcast/unicast sidelink operation. In case of Mode-2, additional functionality or potential sub-modes are proposed for further study, including the following aspects such as whether UE can autonomously select sidelink resource for transmission, or whether gNB can control or (pre-) configure subset of sidelink resources among which UE can select resource for sidelink transmissions or whether UE can allocate schedule resources for sidelink transmission of other UEs or assist in resource selection of other UEs.
Based on discussion, it seems possible to conclude on support of at least two sidelink resource allocation modes/categories for NR-V2X sidelink communication and further discuss on potential variations of Mode-1 and Mode-2 operation.




Proposal for Agreement
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 where
· UE autonomously selects sidelink resource for transmission
· UE assists sidelink resource selection for other UE(s)
· UE is configured with NR configured grant (type-1 like) for sidelink transmission
· UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication

Open aspect for further study is whether and how to merge potential sub-modes of Mode-2.

Sidelink Resource Configuration and Resource Pools
Companies discuss concept of sidelink resource pools and consider LTE-V2X sidelink framework as a starting point for consideration. In addition, it is discussed how sidelink resources are configured for various scenarios: in-coverage, partial coverage and out of network coverage.
Proposal for Agreement
Define sidelink resource pool as a set of resources for sidelink transmission/reception which is configured by base station/network or pre-configured
Sidelink resource pools are defined for sidelink control (PSCCH) and/or shared (PSSCH) channels
RAN1 to continue study details of sidelink resource pool configurations including the following aspects:
· Configuration details for PSCCH/PSSCH resource(s)/pool(s) in Mode-1 and Mode-2
· Amount of sidelink resource pools
· Multiplexing of PSCCH/PSSCH resource pools from UE and system perspective (e.g. FDM/TDM)
· Sidelink resource pool attributes (e.g. numerology, mode-1/mode-2 pool, TX/RX, channelization, etc.)
· Whether dedicated/common pools can be allocated for sidelink unicast/groupcast/broadcast communication?
· Relationship with bandwidth parts

Resource Allocation Aspects for Sidelink Physical Channels
Transmission on each sidelink physical channel requires proper channel access considerations. Introduction of any new sidelink physical channel requires definition of channel access mechanisms and analysis of its impact on the overall system performance, resource selection and UE behavior from transmission and reception perspective.
Proposal for Agreement
RAN1 to study sidelink channel access mechanisms for all introduced sidelink physical channels
Selected Aspects of gNB-controlled Resource Allocation (Mode-1)
Sidelink resource pool sharing b/w two sidelink resource allocation modes is one of the aspects considered by companies. It is observed that it is beneficial to have seamless coexistence of different sidelink resource allocation modes. On the other side, sidelink pool sharing aspects are heavily dependent on considered details of specific resource allocation sub-modes.
Proposal for Agreement
RAN1 to study mechanism for sharing resources b/w different resource allocation modes (e.g. Mode-1 and Mode-2)
· UE sidelink measurements and reporting
· gNB mechanisms for sidelink resource reservations / preemption

Resource Allocation Details of Mode-2 Operation (UE-Autonomous)
In resource allocation mode-2, the major discussion topics are how to determine specific resource for sidelink transmission. 
Proposal for Agreement
Further study the following aspects of Mode-2 resource allocation:
· Collision avoidance mechanisms
· UE behavior(s) to handle periodic and aperiodic traffic in case of unicast/groupcast/broadcast transmissions and their possible coexistence
· Selection of resource(s) for sidelink transmission of control / data channels including sidelink measurements and information used to guide resource selection process for various example scenarios:
· UE autonomously selects sidelink resource for transmission
· UE assists sidelink resource selection for other UE(s)
· UE is configured with NR configured grant (type-1 like) for sidelink transmission 
· UE schedules sidelink transmissions of other UEs
· QoS considerations (e.g. latency, priority, reliability) and their impact on resource selection
· e.g. mechanisms for sidelink resource reservation/preemption
· Specific details for sidelink communication in licensed and ITS carriers

Conclusions
In this contribution, we provided initial summary/input on the most important aspects of sidelink resource allocation for NR-V2X sidelink communication based on submitted contributions. We hope it can facilitate productive discussion at RAN1#94 and can help to guide / focus discussion on resource allocation aspects at the subsequent meetings.
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