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Introduction
NR Rel-16 V2X Work Item was approved in RAN#83 with detailed objective and scope in [1]. NR Rel-16 V2X is targeted to provide further enhancement to the existing LTE Rel-14/15 V2X by supporting enhanced V2X services. The enhanced V2X services and their requirement can be found in [2,3]. NR V2X needs to cover both the Uu interface and PC5 interface design, additionally, coexistence and joint operation with LTE V2X. From the spectrum perspective, NR V2X needs to support both the licensed and unlicensed spectrum which requires sidelink design.

In terms of RAN1 design goal, we think there are the following major difference between NR V2X and LTE V2X
· LTE V2X only targets for broadcast transmission, while NR V2X needs to support broadcast, groupcast and unicast transmission 
· LTE V2X only targets for periodic traffic, while NR V2X needs to support periodic and aperiodic traffic
· NR V2X needs to provide higher throughput, lower latency ad higher reliability compared to LTE V2X
· NR V2V needs to support mmW band (FR2) 
  
One fundamental problem NR V2X needs to resolve is resource allocation schemes, which is also one of the goal for NR RE-16 V2X WI as listed in [1]

	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.



NR V2X already agreed to support at least two modes of resource allocation in [4]. Mode 1 is similar to LTE V2X mode 3 which is gNB based sidelink resource allocation while mode 2 is similar to LTE V2X mode 4 which is UE based resource allocation. There are 4 sub-modes discussed within mode 2 with some subtle difference, in which the agreement was that Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode [4,5]

	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:
· 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

Agreements:
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode



In this contribution, we focus on the enhancement to NR V2X scheduling
NR V2X Mode 1 Resource Allocation
Spatial reuse is one of the most important techniques to improve the capacity. For typical macro cellular deployment, the transmit power of the base station tower is very high which results in limited spatial reuse but provide ubiquitous coverage and mobility support. On the other hand, for small cell deployment or other RAT like WIFI, station transmit power is limited which provide high capacity by improving spatial reuse. For typical V2X use case, the transmit power is limited which allows the frequency domain resource to be re-used if two UEs are not close to each other. In this section, we consider the spatial reuse of Freq/Time resources based on UE distance/direction knowledge at gNB. With such knowledge, gNB can better assign Time/Freq domain resource based on UE’s relative distance and direction to avoid resource conflict and improve spectrum efficiency.

To support such functionality, V2X UE can be configured to send location information back to gNB through periodic report or event triggered report. For periodic update, the report can be carried over on the periodic PUSCH resource allocation configured by gNB. The event based update can also be sent if certain criteria are met, e.g., position has changed more than a preconfigured threshold, or it has moved to another location zone. Additionally, gNB can also send location info update request to pull from UE if certain timer expired without position update.

To improve the coverage of such kind of information, Road side unit (RSU) can help to relay the location info from PC5 monitoring to gNB through either backhaul or uU interface. Figure 1 illustrates the concept of enhanced spatial reuse based on location/beam information update. 
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Figure 1 Enhanced spatial reuse NR V2X Mode 1 resource allocation
Proposal 1: NR V2X Mode 1 resource allocation to consider supporting UE to update its location and beam information in order to achieve enhanced spatial reuse.
NR V2X Mode 2 Resource Allocation
Similar as LTE V2X mode 4, NR V2X mode 2 allows the UE to autonomously select the resource for PSSCH transmission. The resource selection can be done from the resource pool configured by NW. In order to support Mode 2 operation, CCA procedure such as Listen Before Talk (LBT) is one of the most prominent solutions. Unlike NRU design, NR V2X design is required to provide more reliable and lower latency communication due to safety concern and high device movement speed. Therefore, optimization of Mode 2 resource allocation is very important

For LTE V2X mode 4, UE has to sense the channel for a while before using that resource which may lead to low efficiency and possible resource collision (reliability issue). The legacy sensing based approach cannot fully avoid collision. Therefore, we proposal to provide more resource allocation information in order to assist UE in selecting the right resources and avoid collision.

We introduce the concept of Resource Occupancy Message (ROM) which includes the frequency and time domain resource allocation for each UE, i.e. the RBs and symbol allocations, the periodicity to repeat this reservation, and the remaining time for this reservation. Every UE broadcasts ROM periodically if UE decides to occupy the channel after success of CCA procedure. For new UE synced to this system, UE will sense the channel to collect all existing UE’s ROM to find available resource. Figure 2 illustrates the concept of ROM.  
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Figure 2 Resource Occupancy Message (ROM) for collision reduction
Proposal 2: NR V2X Mode 2 resource allocation to consider supporting UE to broadcasts its resource allocation after success of CCA procedure for collision reduction
2-step RACH and RRC Inactive State
A new WI was approved in RAN plenary #81 meeting [6] with the following scope. 

	1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)




The main benefit of 2-step RACH is to reduce the latency before UE can transmit or receive actual data. This is very important both in terms of reduce the communication latency and improve the UE battery life since the most benefit applies when UE is either in idle or inactive RRC state. In order to reduce UE power consumption, it is desirable for UE to stay in idle or inactive RRC state. However, data transaction from idle or inactive RRC state typically incurs high latency compared to connected state. 2-step RACH reduces the latency especially for idle and inactive mode UE, which make it more attractive for UE to stay in idle or inactive state in order to save power while still achieve reasonable latency.

Latency is a very important performance metric for V2X communication. UE power consumption is also important for V2X, especially for the V2P (pedestrian) which the UE is handheld device with limited battery capacity unlike vehicle. Based on the above discussion, it is beneficial, or even crucial, for V2X to take advantage of the 2 step RACH design. Alternatively, NR can also consider the enhancement to 4 step RACH procedure is to allow UE to send data in MSG3 in order to improve latency. 

Proposal 3: NR V2X to consider 2 step RACH, RRC inactive state or enhancement of 4 step RACH, i.e. by allowing UE to transmit data in MSG 3, in order to reduce latency and improvement UE battery life.
Conclusion
Compared to LTE Rel-14/15 V2X, NR V2X is targeted to support large varieties of services that require broadcast/group/unicast communication, generate both periodic an a-periodic traffic, require higher data rate, lower latency and higher reliability. Resource allocation schemes are very important for sidelink operation. In this contribution, we consider two resource allocation schemes, one for Model and one for Mode 2. We have the following proposals

Proposal 1: NR V2X Mode 1 resource allocation to consider supporting UE to update its location and beam information in order to achieve enhanced spatial reuse.

Proposal 2: NR V2X Mode 2 resource allocation to consider supporting UE to broadcasts its resource allocation after success of CCA procedure for collision reduction

Proposal 3: NR V2X to consider 2 step RACH, RRC inactive state or enhancement of 4 step RACH, i.e. by allowing UE to transmit data in MSG 3, in order to reduce latency and improvement UE battery life.
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