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Introduction  
A key objectives of the new SI on NR based V2X is QoS management for supporting advanced V2X use cases as described in [1]. 
	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



In this document, we focus on the QoS enhancements needed for NR sidelink operation and present our view.
Discussion
1.1 Need for QoS enhancement

Based on the advanced V2X use cases outlined in [2], NR based V2X needs to adapt to be able to meet the diverse set of requirements set by these use cases. These include aspects such as latency (from 3 ms in case of emergency trajectory change to 100 ms), end-to-end reliability (90 to 99.999%), data rate (up to 1000 Mbps for extended sensor use case) and so on. These are much more stringent as well as varied compared to basic V2X use cases addressed in LTE V2X. The following parameters seek to represent these service requirements for NR V2X:
· Payload (Bytes)
· Transmission rate (Message/Sec)
· Maximum end-to-end latency (ms);
· Reliability (%)
· Data rate (Mbps)
· Minimum required communication range (meters)

In order to meet such requirements, there is a need to enhance the QoS framework for NR V2X compared to LTE. For NR Uu, the QoS mechanism seems sufficiently enhanced compared to LTE Uu and can seem to cater to the above dimensions for advanced V2X use cases, at least from initial discussions in SA2 [3]. There is ongoing discussion in SA2 if the 5QI values are sufficient for satisfying V2X QoS requirement, but it seems out of scope of RAN2 discussion. Therefore, from RAN2 point of view, we focus on sidelink QoS design and determine what enhancements (if any) need to be considered for NR SL design. 
The overall LTE based V2X design over sidelink inherently is based on broadcast, i.e. all packets from V-UEs over sidelink are sent somewhat blindly and optionally with a fixed number of retransmissions. As a result, the QoS offered by this broadcast mechanism is based on indicating a single priority value (PPPP) associated to each V2X packet. This serves as the main QoS metric for any AS layer procedures, e.g. MAC scheduling/multiplexing and resource selection/reservation procedure for transmission [4]. In Rel-15, the concept of duplicated transmissions on multiple carriers at the PDCP layer to enhance reliability was discussed and an additional QoS metric for indicating reliability requirement for each packet (PPPR) was added. However, there is no concept of feedback due to the inherent broadcast nature of V2X transmissions. This has a consequence that the QoS for LTE V2X is packet driven, i.e. each packet has some QoS parameter(s) associated with it and the radio layer simply seeks to meet the associated QoS requirements on a per-packet basis. For NR, this broadcast operation is still valid, so the overall packet-driven nature of QoS mechanism is also applicable. However, considering the much wider range of parameters and values for advanced use cases, it becomes immediately evident that to meet the advanced V2X use case requirements, this procedure needs to be enhanced.
Observation:	In order to address the advanced V2X use cases, there is a need to enhance NR sidelink QoS mechanism compared to LTE.
1.2 Overall QoS framework for NR sidelink

While there are ongoing discussions in SA2 on unifying the QoS framework between Uu and PC5, they do not curtail the AS layer to use different frameworks for this purpose [3]. Then, focusing on sidelink, reusing and enhancing the per-packet based QoS framework from LTE sidelink seems a logical conclusion. Another option could be to split discussion among unicast/groupcast and broadcast cases and define different QoS procedures/mechanisms for both. However, this approach does not seem appealing to us as it seems to have increased complexity. Reusing the per-packet framework from LTE carries the following advantages:
· It seems ideally suited for both unicast/groupcast and broadcast traffic, i.e. the AS layer design can consider similar procedures for both cases.
· It provides better compatibility with legacy V2X applications which only deal with PPPP based QoS. Since we consider co-existence between NR and LTE V-UEs, this option seems better suited.
· It allows flexible handling of advanced V2X applications which may generate V2X packets (even for a given unicast link) with varying QoS requirements.
· Given the limited TUs allocated to this SI in RAN2 and expected complexity associated with any new QoS framework design, reusing the LTE framework seems more suitable.
Thus, we prefer to reuse the per-packet based QoS framework used in LTE and to consider it as baseline when considering any further enhancements.
Proposal 1:	The per-packet QoS framework from LTE sidelink should be used as baseline for NR sidelink QoS design.
1.3 QoS enhancements

The next question is how to capture the wide variety of QoS parameter values at the AS layer. It might be argued that the 8 values for priority and reliability as in LTE will not be enough for the advanced V2X use cases. Moreover, the PPPP value was derived by taking into account the PDB associated with each packet. However, for NR V2X, RAN1 seems to be considering both the priority and the latency associated with each packet, as well as the reliability [5]. Presumably, the priority is related to pre-emption or precedence when performing resource reservation/selection at L1. Additionally, it is not clear that for the other parameters discussed in the previous section whether they explicitly need to be captured or not, e.g. with regard to payload, RLC UM is already capable of segmentation/concatenation. Therefore, it is proposed that RAN2 discusses and agrees that (based on RAN1 agreements), at least priority, latency and reliability should be explicitly considered as QoS parameters relevant to AS layer operations. The definition of PPPP and PPPR can be extended from LTE and we can further discuss if more granularity/code points for capturing required priority and reliability are needed. In addition, latency requirement for each packet needs to be captured by a parameter different from PPPP.
Proposal 2:	At least priority, reliability and latency requirement per packet should be considered as applicable QoS parameters for NR V2X.
Proposal 3:	PPPP and PPPR shall be reused from LTE to cater to priority and reliability requirement. It is FFS if additional granularity is needed beyond what is supported in LTE. 
Proposal 4:	For latency, a new QoS parameter shall be defined. It is FFS if and how other QoS parameters defined by TR 22.186 are captured.
As a potential enhancement, while the three key parameters discussed above are foreseen to be utilized in different procedures within L2, a unified QoS metric can be considered to combine or consolidate them when indicating to L1. From PHY layer perspective, in LTE only the PPPP was considered and included as part of the SCI to indicate the priority of transmission when performing resource reservation and selection. For NR, at least considering joint encoding of priority and latency might be beneficial for flexible operation since a single parameter can capture this information more efficiently. The mapping of priority and latency to the new parameter can of course, be configurable in general.
Proposal 5:	RAN2 to further discuss if joint encoding of at least priority and latency is beneficial to indicate to L1.
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to NR sidelink QoS design and makes the following proposals:
Observation:	In order to address the advanced V2X use cases, there is a need to enhance NR sidelink QoS mechanism compared to LTE.
Proposal 1:	The per-packet QoS framework from LTE sidelink should be used as baseline for NR sidelink QoS design.
Proposal 2:	At least priority, reliability and latency requirement per packet should be considered as applicable QoS parameters for NR V2X.
Proposal 3:	PPPP and PPPR shall be reused from LTE to cater to priority and reliability requirement. It is FFS if additional granularity is needed beyond what is supported in LTE. 
Proposal 4:	For latency, a new QoS parameter shall be defined. It is FFS if and how other QoS parameters defined by TR 22.186 are captured.
Proposal 5:	RAN2 to further discuss if joint encoding of at least priority and latency is beneficial to indicate to L1.
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