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Introduction
NR V2X will be designed to target the new advanced use case groups including vehicle platooning, extended sensors, and advanced driving and remote driving, each of which has its own set of QoS requirements. The NR study item on NR V2X was approved during the RAN#80 meeting [1], and the following objectives with respect to QoS were included:
	5: QoS management:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2.



During the RAN2#103bis meeting [2], the following agreements were converged upon:
	1: Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.
2:	RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (including HARQ feedback, ARQ (if RLC AM is supported), PDCP packet duplication, configured grants, etc.). 
3: 	RAN2 Working Assumption: Upper layer will give the information if it’s unicast, groupcast or broadcast (We will ask SA2 if they can provide it).
4: 	For groupcast, destination ID for a specific group and for unicast, destination ID for the target UE need to be visible in Layer 2 respectively. Source UE id should be also visible to Layer 2.
5:	For unicast/groupcast in NR sidelink, discovery procedure and related messages are up to upper layers.



This revised contribution discusses the various QoS Management aspects that will have an impact on the NR V2X design, including an additional discussion on the pre-emption of SL resources. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]QoS Flow for NR V2X 
The QoS indicators, e.g. ProSe Per Packet Priority (PPPP) for LTE V2X were considered on a per packet basis, which were originally proposed during the initial standardization of D2D. As such, PPPP and ProSe Per Packet Reliability (PPPR) are signaled during V2X sidelink communication to indicate the priority and enhance reliability of sidelink (SL) transmissions, respectively. The signalling of these metrics helped to fulfill the LTE V2X QoS management aspects of broadcast basic safety messages (BSM) in addition to supporting resource allocation schemes, TX carrier selection and packet duplication. 
NR has introduced a QoS Flow based framework (see Fig. 1) which differs from the QoS class bearer concept in LTE. The new framework is made possible with the addition of the service data adaptation protocol (SDAP) layer, which ensures that the QoS levels can be defined in an end-to-end manner for both the uplink and downlink directions, which provides granular control when mapping different QoS requirements to different services. 



Figure 1: QoS Flow based framework [3]
Furthermore, PPPP and PPPR were suitable QoS indicators for fulfilling the needs for LTE V2X broadcast basic safety messages (BSM). It should be studied whether the same NR QoS flow for the Uu link can be applied and extended to the NR SL (PC5) for enhanced QoS handling among UEs. 
NR has also introduced 5QI metrics, which map to an expanded list of QoS requirements. The consideration of such metrics should also be investigated in relation to the requirements of the type of SL communications, i.e. unicast, groupcast or broadcast. 
In LTE V2X, priority through PPPP reflected the priority and delay budget of a packet transmission, while PPPR enabled packet duplication for enhanced reliability. RAN2 should consider similar approaches for the NR V2X sidelink design. NR SL broadcast may maintain similar QoS attributes as in LTE V2X (although it might be challenging to create a unified QoS framework for all communication types), while QoS management for unicast and groupcast communications requires further study. In addition, the 5G QoS characteristics associated with the 5QI metrics, e.g., resource type, PDB, packet error rate, etc. should be considered as a baseline for the QoS analysis in NR V2X.
Proposal 1: Study the application of the QoS flow based framework including the mapping of the relevant 5QI metrics to the corresponding V2X services and communication types for NR V2X SL.

Enhanced QoS aspects for NR V2X SL
QoS Feedback
The addition of the NR use cases pose a new challenge to the network in terms of not only being able to provide the required QoS to certain application services, but also to adapt to dynamic network conditions. The new use cases define certain critical applications that enable high levels of automation, especially applications that transmit messages of high priority and demand high reliability. In the event where resources are highly occupied, the gNB, in the case of NR V2X mode 1 (LTE V2X Mode 3), or the UE, in the case of NR V2X mode 2 (LTE V2X Mode 4), will not be able to provide the expected QoS requirements of a given application due to the network conditions. 
The concern is that these applications will not be able to function as expected in such a scenario, affecting the performance of the required service. In the V2X study items in SA2 [4] and SA6 [5], this concern has been studied from an architecture and an application layer support point of view. In addition to the enhanced QoS framework, mechanisms are needed so that the network provides feedback or notifications to the application server or to the UE about QoS changes. Hence, mechanisms where the gNB sends an update to the UE about the deteriorated, or conversely, improved, network conditions should be further investigated. Subsequently the UE (application service) should be made aware that the requested QoS requirements cannot be met or can be increased. This allows the UE to adjust its application functionality or level of automation accordingly.
Proposal 2: Study the possibility of supporting a QoS feedback mechanism between the network (gNB) and UEs, enabling the UEs to adapt itself accordingly.
Key issue 2 and its corresponding solutions in SA6 TR 23.795 [5] consider monitoring the network situation of 3GPP systems by the V2X application. Also in SA2 TR 23.786 [4], key issues 3, 4 and 15 address the architectural requirements to support QoS for V2X applications. In order to enable such mechanisms, RAN2 needs to study the type of measurements and corresponding information that are required to be collected by RAN and develop a mechanism to provide it to the required entity, e.g. UE or the core network. 
Proposal 3: Study the information that needs to be collected by the gNB to assist the V2X application or the UE to adjust their requirements according to the RAN situation. Such information may be related to more than just one gNB. 

QoS-based SL Resource Management
The new advanced use cases bring about the co-existence of different V2X services sharing the same SL resources.  The advanced V2X service will support different latencies, reliabilities as well as minimum communication range [6], and this should be considered for efficiently managing the QoS in NR V2X. An example of different concurrent services in NR is the eMBB and URLLC co-existence design, which can be a guideline, while simultaneously considering the dynamics and constraints of SL communications. Therefore, there is a need to study techniques on how different UEs running multiple services with different QoS requirements can be multiplexed in the NR SL design.
Proposal 4: Resource sharing and coexistence among different V2X services, each with different QoS requirements, should be considered in NR V2X radio resource management.
The NR use cases also bring about tighter QoS requirements for different types of V2X traffic sharing the same resources. In order to ensure that high priority UEs, e.g. UEs that need to send an emergency message, sufficiently meet the stringent latency targets, it would be advantageous if mechanisms are studied such that these UEs can pre-empt resources from low priority UEs that have been previously granted resources for SL transmission. Alternatively, a set of dedicated resources can be reserved for high priority flows depending on the traffic usage of a resource pool.
Proposal 5: Study mechanisms relating to the pre-emption of SL resources or allocation of a dedicated set of resources for high priority UEs.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
The following proposals are summarized on the basis of this contribution:
Proposal 1: Study the application of the QoS flow based framework including the mapping of the relevant 5QI metrics to the corresponding V2X services and communication types for NR V2X SL.
Proposal 2: Study the possibility of supporting a QoS feedback mechanism between the network (gNB) and UEs, enabling the application service to adapt itself accordingly.
Proposal 3: Study the information that needs to be collected by the gNB to assist the V2X application or the UE to adjust their requirements according to the RAN situation. Such information may be related to more than just one gNB. 
Proposal 4: Resource sharing and coexistence among different V2X services, each with different QoS requirements, should be considered in the NR V2X radio resource management.
Proposal 5: Study mechanisms relating to the pre-emption of SL resources or allocation of a dedicated set of resources for high priority UEs.
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