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Introduction
NR V2X will be designed to target the new advanced driving uses case groups including vehicle platooning, extended sensors, advanced driving and remote driving [1]. During the RAN#80 meeting, the NR study item on NR V2X [2] was approved and the following objectives with respect to sidelink (SL) resource allocation were included:
	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.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]



This contribution aims to provide an overview of the some of the key issues related to the design of resource allocation mechanisms for NR V2X.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Support for Advanced V2X Services
It has been identified that the next iteration of V2X applications require the support of four key advanced driving use case groups (vehicle platooning, extended sensors, advanced driving and remote driving) and therefore the capabilities of the V2X specification need to be enhanced to satisfy the various QoS metrics. The key highlights of NR such as the flexible numerology and use of larger bandwidths can serve as the basis to support the performance requirements (latency and reliability) of the advanced use case groups.  

Resource Pool Design 
Preliminary discussions in RAN1 regarding the definition of a resource pool in NR [3] are already underway. It should be highlighted that the configuration and allocation of V2X resources should aim to accommodate the larger bandwidths, supported by NR. For certain NR operating bands and certain subcarrier spacings (SCSs) within FR1 (450 MHz to 6 GHz), the channel bandwidth can be as large as 100 MHz [4], which is much larger than in LTE V2X. Hence from a RAN 2 perspective, efficient resource allocation strategies for NR V2X UEs (both in-coverage and out-of-coverage) over such large bandwidths should also be examined, depending on which operating bands will be agreed upon for NR V2X. These strategies should also remain backward compatible with LTE V2X UEs, so that at the very minimum, basic safety messages (BSM) should be transmitted and received by both NR and LTE V2X UEs.
According to the NR V2X study item in [2], the support of unicast and groupcast services should also be studied. Therefore, various options on how to signal the allocation of resources in the best possible manner should be investigated for each of the transmission types, i.e., broadcast, groupcast and unicast for both in-coverage and out-of-coverage UEs. The feasibility of allocating dedicated, partially shared or fully shared resources between in-coverage and out-of-coverage UEs for different transmission types should also be studied to ensure the respective QoS requirements of the different advanced V2X service types are satisfied.
In the case of unicast transmissions, it has been well established that feedback increases the overall reliability. Therefore, different mechanisms of providing feedback should be investigated including resource allocation for such feedback, which would increase reliability of unicast and groupcast SL transmissions.

Low Latency Requirements for NR V2X
LTE V2X has been designed to meet the latency requirement of 20ms intended for basic safety messages, which are primarily intended for broadcast communications [5]. However, certain advanced and remote driving communication scenarios require that the maximum end-to-end latency between V2X UEs be less than 5ms [1, 6]. In LTE V2X, Mode 3 UEs incurred a higher latency prior to sidelink transmissions due to the scheduling request delay from the UE to the base station when compared to Mode 4 UEs, who perform sensing and (re-)selection of resources. However, Mode 3 UEs would have a lower probability of resource collisions due to the base station scheduling of resources (centralized resource allocation) in relation to Mode 4 UEs, which perform distributed resource (re-)selection. This represents a notable trade-off in LTE V2X and new mechanisms to reduce the scheduling latency as well as resource collisions for both in-coverage and out-of-coverage scenarios need to be designed, in order to satisfy the NR advanced driving use cases.

Enhanced Group Communication
Platooning has been noted as a key use case for the advanced V2X services [1]. Various aspects have to be supported for platooning including group communication. In LTE V2X, the MAC SL-SCH sub header contains the ‘V’ field which identifies the type of communication, i.e. unicast, groupcast or broadcast. However, the platooning use case includes group management procedures such as the ability to enter/leave a group, creation/destruction of a group, perform selective unicast transmissions within a group and all of these need to be supported via efficient resource allocation strategies that guarantee the required QoS [1]. Mechanisms on how to incorporate such procedures, including the signalling aspects in NR V2X, should be investigated in order to meet the latency and reliability targets defined by the platooning use case.

Key features to support Resource Allocation in NR V2X 
Bandwidth Parts and Multiple Numerologies 
Bandwidth Parts (BWPs) have been introduced in NR to deal with the communication complexity of dealing with larger bandwidths, while flexible numerologies with different SCSs enable lower latency communications. NR SL can be flexible in the same way as NR, but at the same should adhere to the stringent latency and reliability constraints of different V2X services (both basic and advanced), while also taking into account the short range communication nature of SL.  
NR supports the capability of both grant-free and scheduled UE transmissions on the uplink. Grant-free communications can reduce the time taken for a UE to transmit its sidelink data and this could be considered for emergency or other low latency V2X services.  Similarly, the current LTE V2X resource allocation mechanism for in-coverage UEs is relatively static once the base station has assigned resources to a UE and techniques for the pre-emption of allocated resources for safety-critical and emergency services should also be examined.
The deployment of such NR features would require a certain amount of redesign with respect to the existing mechanisms in LTE V2X, including the definition of resource pools and how they are allocated. NR offers the opportunity to add more flexibility to the existing V2X resource allocation procedures. 
The proposed resource allocation mechanisms have to take into account the additional signalling overhead, satisfaction of the latency and reliability requirements as well as the co-existence of LTE V2X UEs. 
Proposal 1: Study the impact of BWPs with different SCSs for in-coverage and out-of-coverage UEs for resource pool design and how this can be can be beneficial to support the advanced V2X use cases.
Proposal 2: Study different mechanisms to reduce the scheduling latency and techniques for the pre-emption of allocated resources in NR V2X.

Enhanced Resource Allocation for Groupcast  
Currently in LTE V2X, Mode 3 UEs signal their intent to perform SL communications and then provide their buffer status report (BSR) to the base station, provided that the base station is responsible for scheduling their SL transmissions. Thereafter, the base station provides these UEs with a grant to perform SL communications. 
For example, if we consider the platooning advanced use case where vehicle platoons will communicate amongst themselves (within the group), the latency of granting such resources and subsequent SL transmission may be too high. Therefore, such resources need to be dynamically allocated and managed in a manner that satisfies the QoS requirements for the specific advanced V2X service, i.e. platooning, while ensuring a good overall system performance. These mechanisms are best handled by the base station for in-coverage UEs, where decisions regarding the need for dedicated set of resources for groupcast services, e.g. platooning, may be taken.  The specified capabilities of NR can offer the desired support for enhanced resource allocation schemes for groupcast communication. Furthermore, such enhanced resource allocation schemes should also consider the groupcast out-of-coverage scenario.
Proposal 3: Investigate enhanced resource allocation schemes that support groupcast scenarios such as platooning with a different set of QoS requirements to that of broadcast basic safety messaging.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Conclusion
This contribution has provided certain key aspects with regard to resource allocation techniques for NR V2X. The following proposals are provided:
Proposal 1: Study the impact of BWPs with different SCSs for in-coverage and out-of-coverage UEs for resource pool design and how this can be can be beneficial to support the advanced V2X use cases.
Proposal 2: Study different mechanisms to reduce the scheduling latency and techniques for the pre-emption of allocated resources in NR V2X.
Proposal 3: Investigate enhanced resource allocation schemes that support groupcast scenarios such as platooning with a different set of QoS requirements to that of broadcast basic safety messaging.
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