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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]

	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]
· Sidelink L2/L3 protocols and signalling
· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]
· AS level link management for unicast [RAN2, RAN1]
· Define the criteria of PC5 availability/unavailability for unicast based on this functionality.



RAN1 #94b reached some agreement regarding to the physical layer procedure [4], with a lot more details to be designed in the future meetings. 

	Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.




In this contribution, we focus on the physical layer procedure
AS Level Link Management for Unicast
In every RAT, including GSM, CDMA, LTE, NR, WIFI, Bluetooth etc., Radio Link Monitoring (RLM) or Radio Link Failure (RLF) is one of the most fundamental and important feature that needs to be supported from the first lease. Therefore, we strongly believe that RLM/RLF for V2X sidelink needs to be solved in Rel-16 V2X WI phase

1.) RAN2 already agreed to support RLM/RLF in the last meeting, and RAN2 LS has been sent to RAN1 already [5]. Unless there is strong technical justification that RLM/RLF is not needed in V2X and RAN2 has made wrong design choice, we should respect RAN2 decision and carry out corresponding RAN1 work.
2.) RS for RLM/RLF has been extensive discussed in RAN1 in Taipei AH meeting. There was no technique objection about the RS agreement, but the agreement was abandoned only because there was no RAN2 agreement at that time. 
3.) Basic design to support RLF/ RLM is very minimum. First of all, RLF and BF have been designed and specified for Uu interface already in Rel-15 which can be used as reference. Secondly, similar RS has been agreed for OLPC already in previous RAN1 meeting
4.) RLM is the basic function for every RAT, especially for a service like V2X which may require high reliability and low latency for safety concern. We cannot rely on upper layer to detect link failure which is not even the design for Uu interface. 

Based on the above discussion, we have the following proposal 

Proposal 1: NR V2X supports RLF declaration for unicast sidelink, including the reference signal for measurement and the in-sync/out-sync determination criterion, etc. 
Self-Contained Frame Structure within COT
NV V2X needs to support both the Uu interface and sidelink interface design. One drawback or limitation with respect to sidelink design is that CCA procedure is needed to contend for the medium. Imagine a scenario when two devices need to exchange information quickly, or a quick control feedback is needed to support link adaptation or HARQ operation, etc., it is very desirable to support a frame structure that is self-contained to allow the bi-directional communication with low latency.

Figure 1 illustrates a self-contained subframe structure. Within each self-contained Channel Occupancy Time (CoT), opportunities for communication in both directions are present while the format is signaled through control information like PSCCH. The targeted user(s) can be one for unicast or a group of users for groupcast. Inside CoT, CSI-RS resources from sender/receiver can be added either through FDM fashion or TDM fashion or CDM fashion, i.e., piggy back at the end of the message transmissions.

For better performance and also to avoid complicated HARQ retransmission scheduling, each message can be transmitted with multiple RVs inside the same CoT like TTI bundling. How many RVs are transmitted for each message in the same CoT can be included in the PSCCH. Previous feedback from receivers can be used by the transmitter to determine how many RVs to be used. Feedback information from receivers is included in the self-contained CoT after messages. Feedback information can include ACK/NACK, the first RV passing CRC, and also CQI on each CSI-RS resource sent by the transmitter. When the resources are limited, transmission of feedback information can be prioritized, e.g., ACK/NACK can be feedback immediately while CQI can be scheduled periodically or event based. For different receivers, feedback can be transmitted at the same time using CDM fashion or TDM fashion, or FDM fashion.

With feedback info from all other users in the group, the sender may further optimize the message transmissions. The MCS/RV repetition of messages can be adjusted based on the feedback. For group or broadcast, sender can further divide users in the group into subgroups for transmission efficiency. In case retransmission is needed, CBG based user/subgroup specific targeted groupcast retransmission can be adopted for spectrum efficiency.
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Figure 1  Self-contained COT to support bi-directional communications

Proposal 2: NR V2X consider to support or use self-contained frame structure within Channel Occupancy Time (CoT), in order to support bi-directional communications.
Leader Optimization for Groupcast
Vehicle platooning is one of the main use case that requires NR to support. Vehicle platooning requires both groupcast (e.g., status information for platoon management) and unicast transmissions (e.g., communication between two members). A group leader can be chosen in the platoon for central control, message broadcast, and also resource assignment. Group leader can also schedule the transmission of each group member or assign resources for group members to compete. Within the CoT available for the group, group leader can further divide COT into smaller pieces for each group member to transmit its own groupcast messages while other UEs are listening.
 
Therefore, leader selection in groupcast is very important. The leader can be selected manually when building the group through UI interface. In case the current leader is no longer optimal among users in the group, e.g., the RF condition between it and other users deteriorates, reliability of the communications within the group cannot be guaranteed. As results, dynamic leader switch is needed to achieve the best spectrum efficiency and the most reliable communication. 

To dynamically select the optimum leader for groupcast, each device in the group needs to report to the current leader periodically including the average/outage CQI it observes from other devices in the group. Average/Outage CQI information can be obtained when device sends group cast messages with CQI feedback. Group leader can also schedule a ‘measurement’ CoT, within which each UE in the group sends CSI-RS and other UEs report measured CQI. Decoding information such as BLER can also be used. The current leader needs to decide whether there is a better leader candidate, and assign new group leader accordingly

Proposal 3: At least for groupcast, NR V2X consider design physical layer procedures to support the measurement and link adaption feedback for group members in order to optimize the leader selection.
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. This contribution discusses the physical layer procedure mainly focused on the self-contained frame structure in COT and the physical layer procedure for advanced measurement and feedback.

Proposal 1: NR V2X supports RLF declaration for unicast sidelink, including the reference signal for measurement and the in-sync/out-sync determination criterion, etc. 

Proposal 2: NR V2X consider to support or use self-contained frame structure within Channel Occupancy Time (CoT), in order to support bi-directional communications.

Proposal 3: At least for groupcast, NR V2X consider design physical layer procedures to support the measurement and link adaption feedback for group members in order to optimize the leader selection.
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