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1 Introduction
In RAN1 #94 meeting, the following agreements were made for NR V2X resource allocation [1]. 

Agreements:

· 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:
· 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

2 Discussion
For NR mode 2 resource allocation, the LTE mode 4 resource allocation can be a starting point. The reason is that, firstly, autonomous resource selection can reduce the overhead of signaling of resource scheduling between eNB and the UE and secondly, the sensing mechanism can mitigate interference by reducing resource collisions. 
However, since NR supports use-cases with more stringent requirements, it is necessary to enhance on the functionality of LTE mode 4 resource allocation for the NR sidelink. In the following sub-sections, we discuss the potential study of enhancements to each of the resource allocation modes defined at RAN1#94 meeting.
Proposal 1: For NR mode 2 resource allocation, LTE mode 4 resource allocation should be adopted as baseline.

· Mode 2-a
The traffic model in LTE V2X is periodic and the packet size is fixed, so the sensing results can be used to predict the status of resource utilization in the future and so resource reservation can guarantee the future resource to reduce the interference. However, since NR supports aperiodic traffic with variable packet size, there are some impacts on resource selection and resource reservation.

For the sensing-based resource selection, due to time jitter and packet size variation, the results may be less correlated with future resource utilization patterns. Therefore, the sensing results may not be used for resource selection.

For resource reservation, it is difficult to reserve resources since the arrival time and size of the next packet are unknown. Even though the resource can be reserved, it is possible that the reserved resource may not be able to fulfil the QoS requirement of the next transmission.

Proposal 2: For mode 2-a, enhancement to mode 2 resource allocation due to new traffic model should be studied.
The use of varied NR numerology and slot format for NR sidelink, brings further challenges to sensing-based resource allocation. For example, currently the vehicle UEs do sensing in the unit of subframe. However, because of varied NR slot formats perhaps due to numerology, sensing on subframe granularity may not be appropriate because of the following situations:

· In NR transmission and reception can take place within the same subframe

· Only a some of the symbols in a given subframe may be used for sidelink transmission

· Scheduling Assignment (SA) and data are transmitted in the same subframe

Therefore, it may be necessary to indicate the symbol to do SA decoding and/or energy sensing within each subframe. In other words, the sensing window or sensing unit should be carefully designed.

Proposal 3: Study the impact of adopting NR numerology and slot format for NR sidelink communication.
· Mode 2-b
For mode 2-b, it is necessary to study the type of assistance that the UE can provide to other transmitter and receiver UEs doing sidelink communication. 

Proposal 4: For mode 2-b, study the type of assistance that the UE can provide to other UEs using the sidelink.
· Mode 2-c
For mode 2-c, the resource for grant-free transmission is (pre)configured with RRC signalling. However, the granted resource may not be used if the UE doesn’t have data to transmit, so the resource utilization may be inefficient. In order to solve this problem, it is necessary to study whether it is possible and how to use any granted but unused resources.
Proposal 5: For mode 2-c, study the mechanism to enable efficient grant configuration.

· Mode 2-d
LTE mode 3 can avoid resource collision by eNB scheduling resource but the overhead of resource request/scheduling via Uu link is high. LTE mode 4 reduces the overhead by UE autonomous selection but it raises the issue of resource collision. With NR mode 2-d, the UE (master UE) schedules resource via PC5 link to other UEs so that resource collision can be avoided. Therefore, with mode 2-d collision-free resource can be scheduled even without base station.
It can be assumed that more and more UE-type RSU may be implemented in the streets. Therefore, in order that the UE can perform resource scheduling as base station does, it is important and necessary to support mode 2-d. In addition, not only for the UE-type RSU, this mode can be also applied in case of platooning or vehicle tethering.

Observation 1: It is beneficial to support mode 2-d for NR V2X communication. 
Regarding mode 2-d, in order to enable resource allocation by the the UE, the following aspects should be further studied:

· How does the master UE obtain resources for the other UEs
· How does the master UE signal the scheduled resource for other UEs, for example via RRC signalling or via sidelink physical channel
· Whether coordination between different master UEs is necessary

· Whether/How to involve the control of the base station, for example whether the base station restricts some transmission parameters
Proposal 6: Mechanism to support mode 2-d should be further studied.
Since it is assumed that the master UE is able to assist resource selection (mode 2-b) or schedule sidelink transmission resource (mode 2-d) for other UE, it is better to distinguish master UE and normal UE. Therefore, the concept of master UE should be introduced in NR V2X communication.

Proposal 7: The concept of master UE that is at least capable to control sidelink resource for other UE should be introduced in NR V2X communication.
3 Summary
In this contribution, the following observation and proposals are made:
Proposal 1: For NR mode 2 resource allocation, LTE mode 4 resource allocation should be adopted as baseline.

Proposal 2: For mode 2-a, enhancement to mode 2 resource allocation due to new traffic model should be studied.
Proposal 3: Study the impact of adopting NR numerology and slot format for NR sidelink communication.

Proposal 4: For mode 2-b, study the type of assistance that the UE can provide to other UEs using the sidelink.

Proposal 5: For mode 2-c, study the mechanism to enable efficient grant configuration .

Observation 1: It is beneficial to support mode 2-d for NR V2X communication. 

Proposal 6: Mechanism to support mode 2-d should be further studied.

Proposal 7: The concept of master UE that is at least capable to control sidelink resource for other UE should be introduced in NR V2X communication.
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