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Introduction
It was agreed at RAN #80 meeting [1] to study NR V2X design for the follows For RAN1:
1. Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
1. Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
1. Study NR sidelink physical layer structures and procedure(s)
1. Study sidelink synchronization mechanism
1. Study sidelink resource allocation mechanism (also including objective 3)
1. Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2. Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
1. Identify enhancements, if any, that are needed to meet advanced V2X use cases
3. Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
5. QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2
6. Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 

Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.

Based on these guideline, we discuss study subjects related to sidelink resource allocation.
Discussion
In Release 14 LTE V2X, basic requirements for V2X service have been supported for road safety service, i.e. support low latency and reliable exchange of messages among vehicles and the infrastructure to enhance safety and efficiency. To satisfy the latency requirements and accommodate high Doppler spreads and high density of vehicles for V2X communications, sidelink transmission modes 3 and mode 4 have been specified. 
Mode 3 uses the centralized eNB scheduler. The vehicular UE and eNB use the Uu interface to schedule the communications on sidelink. 
Mode 4 uses the new PC5 interface, which offers direct LTE sidelink (SL) between two vehicular UEs. Mode 4 employs distributed UE scheduling based on sensing with semi-persistent transmission. V2V traffic from a device is mostly periodic small data in nature, which is utilized to sense congestion on a resource and estimate future congestion on that resource. Based on the estimation, resources were booked, as shown in Figure 1.
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Figure 1. LTE Mode 4 Sensing Based Semi-persistent Resource Selection

The advanced V2X applications have created a new transportation system which is more reactive and intelligent. This made the requirements more stringent for the needed data rate, latency, reliability, system capacity, service coverage, etc. For example, an autonomous vehicle UE detects falling object on the road and needs to send the emergency trajectory and cooperative maneuvers to nearby RSU and other UEs with performance requirements as 2000 bytes payload, 30 Megabits per second (Mbps) data rate, 3ms maximum end-to-end latency and 99.999% reliability (refer to TS 22.186 [2] for details). 
For 3ms maximum end-to-end latency and 99.999% reliability, the LTE’s subframe based resource structure and sensing based semi-persistent resource selection scheme, as illustrated in Figure 1, won’t be able to meet such stringent requirement. Therefore, a new resource structure and selection scheme is essential for low latency and high reliability NR V2X applications.
Proposal 1: RAN1 need to study a new resource structure and selection design for low latency and high reliability NR V2X applications.

To support the advanced v2X services specified in TS 22.186 [2], data communications on sidelink are not limited to small periodic transmissions any more. To support both small data (e.g., basic safety message) and big data (e.g. cooperative maneuvers and cooperative perception), and both periodic (e.g., cooperative awareness message) or aperiodic (e.g., event triggered such as emergency trajectory and cooperative maneuvers), sidelink resources need to be scalable in size and flexible in allocation.
Proposal 2: RAN1 need to study more scalable resource structure and more flexible resource selection design for supporting different requirements of NR V2X applications.

NR has adopted multi-carrier OFDM waveform for uplink transmission, which enables more flexible resource allocations with symbols, mini-slots or slots. Adopting OFDM on sidelink may provide many options for optimize sidelink resource utilization.
Proposal 3: RAN1 may study OFDM waveform on sidelink for optimizing sidelink resource utilization.

3. Conclusion
In this contribution, we discussed various requirements for advance V2X applications and we propose the following study topics for sidelink resource structure and allocation.

Proposal 1: RAN1 need to study a new resource structure and selection design for low latency and high reliability NR V2X applications.

Proposal 2: RAN1 need to study more scalable resource structure and more flexible resource selection design for supporting different requirements of NR V2X applications.

Proposal 3: RAN1 may study OFDM waveform on sidelink for optimizing sidelink resource utilization.
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