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Introduction
In RAN1#94bis, the aspects to be further studied for V2X QoS management were agreed as follows:

	Agreements:
RAN1 studies further how to use 
· priority, 
· latency,
· reliability,
· minimum required communication range (as defined by higher layers) if agreed to use
in the physical layer aspects of at least 
· resource allocation and 
· congestion control and 
· resolution of in-device coexistence issues and 
· power control



In the NR V2X objectives, the technical solution of QoS management based on SA2 input is one aspect to study. This contribution discusses the physical layer design aspects with respect to QoS management.   

QoS Aspects in NR V2X System Design
The V2X system design needs to take the V2X application QoS requirements into consideration in both Uu and PC5 interface design. The V2X system should be designed to have both the data transport meeting the QoS requirements, such as data rate, latency and reliability, for individual V2X application.  Some V2X applications would have moderate QoS requirements, such as V2X message with 5GI index value 79 [2].   The BLER and the latency of the V2X message is 10-2 and 50 ms respectively.    The applications with moderate QoS requirements are mostly for the V2X extended sensor applications.    These types of applications are similar to NR eMBB service.   Most of other V2X applications have high QoS requirements with high reliability at 10-5 and latency 10-20 ms.   These types of V2X applications would be close to URLLC services.  
The V2X system also needs to have sophisticate control mechanisms, such as resource allocation, flow/congestion control, and interference management, to help the data transport achieving the target QoS requirements.   The sophisticate control mechanism in the NRV2X system design is to allocate the resource and schedule the transmission for high reliability, low latency, and high data services.     The control mechanism in Uu interface would be directly managed by the gNB scheduler.   For high reliability, low latency, and high data rate V2X service in Uu interface could be scheduled similar to the URLLC feature, which is completed in Rel-15 with the enhancement studied in Rel-16.  The sophisticate control mechanism for V2X service in PC5 interface would mostly be distributed to all V2X UEs in Mode 2 resource allocation, priority handling (preemption, and flow/congestion control), and interference management.    
The NR sidelink system supports different types of services, such as unicast, groupcast, and broadcast services. Each type of service would have different QoS requirements based on the V2X use case. The considerations of NR sidelink design in support of wide range of V2X QoS requirements are as follows:
· Sidelink physical channel and structure – The sidelink physical channels include at least the physical sidelink shared channel (PSSCH) and physical sidelink control channel (PSCCH).  The sidelink feedback control information (SFCI), such as HARQ-ACK, could be carried by PSSCH and/or PSCCH and/or new sidelink physical channel.   All physical channel design needs to support V2X applications with different QoS requirements, such as data rate, latency and BLER.  
 
· Diver data rate:  For the diverse data rate of V2X services from hundreds of kbps up to 25 Mbps of SA1 requirements, the sidelink physical channel structure needs support flexible resource allocation and aggregation in time and frequency domains, flexible DMRS allocation, and dynamic indication and control of sidelink resource.    

· Latency: The latency requirements range from couples ms up to 50 ms in the physical layer.  The periodicity of the PSCCH/PSSCH for application of different latency requirements could be different.    If the periodicity of the PSCCH/PSSCH were set based on the application with stringent latency requirement, the overhead and the blocking probability of resource contention would be high.   If more than one periodicity is configured for PSCCH/PSSCH, the complexity of the UE resource allocation would be high.   Latency would be one major factor in the sidelink channel design.

· Reliability:  Different sidelink reliabilities, such as packet error rate, could be accommodated by different MCS schemes for PSSCH.   The reliability requirements would apply to the PSCCH in order to achieve the reliability of data transport on PSSCH.  It would be very challenged to design one PSCCH to support multiplexing of sidelink control information with diverse reliabilities requirements range from 10-2 to 10-5.   It might be easier to configure more than one PSCCH with each one has one target reliability requirement.  

Proposal 1: Sidelink physical channel design and configuration need to take the QoS requirements of V2X application, such as data rate, latency, and reliability, into consideration.

· Link adaptation – Link adaptation is the control mechanism of the data transmission by adapting the data transmission characteristic, such as MCS, transmission scheme and MIMO, to the variation of radio channel quality.   The link adaptation gain is obtained when the data transmission characteristics matched with the channel state.   The CSI acquisition is important for the link adaptation gain.   However, the link adaptation would be useful mostly for the unicast service when the one-to-one sidelink CSI could be easily acquired.  The resource overhead and the timely CSI acquisition are determining factors in obtaining the performance gain of the sidelink link adaptation.

Proposal 2: The resource overhead and the timely CSI acquisition are determining factors in obtaining the performance gain of the sidelink link adaptation.

· Sidelink UE Mobility – The UE mobility would be critical for unicast and groupcast when the sidelink physical channels are designed with target receiver(s), which is different than the broadcast type transmission of LTE sidelink physical channels without target receivers.   The UE mobility needs to be managed in order to provide the V2X service continuity for unicast and groupcast and achieve the target QoS requirement.  The sidelink UE mobility management includes the V2X UE measurements and monitoring of the sidelink radio channel and the action to react on the variation of sidelink radio channel for QoS control due to UE mobility.   For example in V2X group communication, some V2X UEs within the group might request to switch from high data rate advanced V2X services to low data rate basic V2X service when the data reception deteriorates due to UE mobility.   

Proposal 3:   UE mobility needs to be investigated for the V2X service continuity and the QoS control.

· Resource allocation - The resource allocation mechanism need to be designed to support the data transport with diverse QoS requirements.   Sidelink resource could be partitioned to support different QoS requirements semi-statically or dynamically.   The sensing and resource selection mechanism for Mode 2 resource allocation needs to incorporate the mechanism of supporting different QoS requirements.   Although Mode 1 resource allocation is fully controlled by the network, the network might not have the delay budget to allocate the resource dynamically each time to the UE with stringent latency requirements.   The resource allocation mechanism should be designed to support V2X service with stringent latency requirements. 
Proposal 4:   The resource allocation mechanism should be designed to support V2X service with stringent latency requirements.
· Priority handling - The priority handling is to allocate the resource and schedule the sidelink transmission of the V2X services based on the QoS requirements, such as latency.    The priority handling among different V2X users could be controlled by the gNB with the Mode 1 resource allocation and gNB scheduling.    NR V2X needs to support distributed priority handling, such as Mode 2 resource allocation and UE resource selection/scheduling.   The V2X system design needs to include the general framework of V2X service priority handling for both Mode 1 and Mode 2 resources allocations to support V2X services with different QoS requirements.

Proposal 5: The V2X system design needs to include the general framework of V2X service priority handling for both Modes 1 and 2 resources allocations to support V2X services with different QoS requirements.

· Pre-emption - The pre-emption mechanism has been used in Rel-13 D2D to handling traffic with different priority.  The pre-emption mechanism would define the priority list of resource allocation.  The low priority traffic would be pre-empted from the resource to allow high priority traffic to transmit first to meet the latency requirements.   NR V2X should study the pre-emption mechanism for services with different latency requirements.   

Proposal 6: NR V2X should study the pre-emption mechanism for services with different latency requirements.   

· Flow/congestion control – Although flow control and congestion control are generally algorithms from higher protocol for QoS control, it would be beneficial to have the distributed flow and congestion control mechanism for V2X sidelink the resource allocation.  The sidelink flow control is the mechanism to control the variation of sidelink transmission within the sidelink system capacity in centralized (Mode 1 resource allocation) and distributed way (Mode 2 resource allocation).   The centralized flow control could be accomplished by the gNB scheduling by allocating the sidelink resource based on the size of the sidelink resource pool.   The distributed flow control mechanism is to control the multiple access of the sidelink resource in a systematic way, such as clear channel indication and listen before transmit (LBT).   For sidelink congestion control, the sensing and carrier sense collision avoidance mechanism could be considered as one kind of congestion control mechanism when collision of the resource allocation is detected.   Sidelink flow control and congestion control should be investigated for NR V2X QoS control.  
Proposal 7:  Sidelink flow control and congestion control should be investigated for NR V2X QoS control.  

Conclusion
In this contribution, we discuss the system analysis on NR V2X QoS management with the following proposals:
· Proposal 1: Sidelink physical channel design and configuration need to take the QoS requirements of V2X application, such as data rate, latency, and reliability, into consideration.
· Proposal 2: The resource overhead and the timely CSI acquisition are determining factors in obtaining the performance gain of the sidelink link adaptation.
· Proposal 3:   UE mobility needs to be investigated for the V2X service continuity and the QoS control.
· Proposal 4:   The resource allocation mechanism should be designed to support V2X service with stringent latency requirements.
· Proposal 5: The V2X system design needs to include the general framework of V2X service priority handling for both Modes 1 and 2 resources allocations to support V2X services with different QoS requirements.
· Proposal 6: NR V2X should study the pre-emption mechanism for services with different latency requirements.   
· Proposal 7:  Sidelink flow control and congestion control should be investigated for NR V2X QoS control.  
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