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[bookmark: _GoBack]1	Introduction
3GPP TSG RAN Meeting #80 has approved a new study item aimed at identifying technical solutions which are inherent for supporting the 3GPP Phase 3 and the use cases listed by 3GPP SA WG1. Detailed study item description (SID) can be found in [1]. Among the objectives of the study commencing in RAN WG2 in 2018 Q4, one can find the following:
	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




RAN1 work has been triggered a bit earlier and during the RAN1#94 meeting it has been already discussed what kind of requirements with respect to QoS should be considered. The first decisions made in RAN1 are as follows:
	From RAN1 perspective, at least the following QoS-related parameters relevant to physical layer studies are considered: 
· Priority 
· latency
· reliability




This paper provides our initial analysis on how the QoS framework for NR V2X should look like.
2	Discussion
2.1	LTE V2X QoS for Sidelink
The QoS in LTE Sidelink-based V2X is supported by means of ProSe Per Packet Priority (PPPP), introduced in Rel-14, and ProSe Per Packet Reliability (PPPR), introduced in Rel-15. Both indicators can be assigned to individual packets by the application layer. In addition, PPPP conveys a notion of latency requirement as PPPP values shall be ordered according to the ascending Packet Delay Budget (PDB) values. PPPR, on the other hand, is expected to indicate what level of reliability is assigned to certain packet and whether it requires duplication. Eventually, it is worth underlining that PPPPs and PPPRs can range from 1 to 8, according to the legacy Rel-15 3GPP specification.
Observation 1: [bookmark: _Ref525205686]The LTE V2X QoS scheme relies on 8 levels of priority (PPPP) and 8 levels of reliability (PPPR), assigned individually per packet.

Observation 2: [bookmark: _Ref525205697]Latency requirements are indicated implicitly within PPPP values.

The following subsection outlines what kind of QoS solutions have been defined as a part of NR work in Rel-15.
2.2	NR QoS framework
NR Rel-15 quality of service is based on QoS Flows with either guaranteed bit rate (GBR) or non-guaranteed bit rate (non-GBR). Within the PDU session, QoS Flows are identified with a QoS Flow ID (QFI). Downlink and uplink QoS Flows are mapped to Data Radio Bearers (DRBs) at the AS layer. Fig. 1 depicts the NR QoS architecture, with the relationship between QoS Flows, DRBs and their presence at certain network entities.
[image: ]
[bookmark: _Ref525204168]Fig. 1: NR QoS architecture[3]
It may be easily noticed that the QoS framework for NR is defined with the Uu-based communications in mind. The QoS Flow based approach differs largely from the “provisional” LTE V2X SL solution, relying on per-packet priority or reliability, assigned by the application layer.  
Observation 3: [bookmark: _Ref525205711][bookmark: _Ref525207798]NR Rel-15 QoS scheme relies on QoS Flows and mapping those to DRBs. This does not appear to be easily adopted for sidelink interface, considering its constraints known from LTE design.
2.3	What should be adopted for NR V2X over PC5
The plethora of use cases, services and requirements for advanced V2X is described in [4]. Taking into account the wide range of required latency level (e.g. 3ms of end-to-end latency for extended sensor sharing versus 500 ms for platooning-related reporting) and required reliability (e.g. 99.999% for Emergency trajectory alignment versus 90% for video sharing) for different services, it is quite straightforward to notice the granularity of LTE V2X QoS for SL and the fact PDB is bundled with PPPP value, does not provide sufficient means to address those advanced V2X use cases. 
Observation 4: [bookmark: _Ref525211190]Considering the abundance of use cases and services the NR V2X shall support, the LTE V2X QoS for SL does not seem to be sufficient to ensure acceptable performance. 

Nevertheless, the question to be answered within Rel-16 NR V2X study is not simply whether to increase the number of per-packet priority/reliability values, but rather whether to change the entire paradigm, by e.g. adopting the QoS Flow based approach. With the QoS Flow based approach, the QoS attributes indication needs to be communicated only once for all the packets of the same QoS flow. But in LTE SL per-packet based QoS, the PPPP and PPPR need to be indicated for each data packet. Therefore, the signalling or protocol overhead of QoS Flow based approach should be lower than per-packet based approach. The introduction of QoS Flow based SL, on the other hand, may come at significant expense as there are plenty of possible issues to be resolved and elaborated: e.g. the introduction of Service Data Adaptation Protocol (SDAP) to SL protocol stack, whether Sidelink is Connection-based or Connection-less (alike LTE), the need to maintain QoS Flows and map packets to bearers, etc. Table 1 is a non-exhaustive list of pros and cons of defining NR SL QoS in line with LTE V2X SL versus in line with NR Rel-15 Uu.



Table 1: Pros and cons of different approaches to NR SL QoS
	
	Pros
	Cons

	QoS as defined in LTE V2X SL 
	· Existing framework, can be copied from LTE
· Simple packet marking scheme
	· Small granularity (just 8 levels)
· Latency requirement bundled with priority (PPPP) value

	QoS as defined for NR Uu
	· Aligned QoS for SL and for Uu, facilitating, e.g. UE to network relaying
· Less signaling or protocol overhead for indicating of QoS.
	· Necessity to maintain QoS Flows, SDAP, QoS Flow to bearer mapping



Any decisions which approach to follow should be dependent on the use cases to be supported. We propose the following: 
Proposal 1: [bookmark: _Ref525211200]RAN2 is kindly asked to consider possible approaches to QoS for NR V2X: per-packet indicators (similar to LTE V2X), QoS Flow based (as defined for NR Rel-15) or a hybrid approach, taking certain functionalities from both schemes.

If necessary (i.e. assuming what is stated in [2] deems to be insufficient), RAN WG2 may cooperate with SA WG2 and seek for a further feedback on QoS requirements for advanced V2X. 
Proposal 2: [bookmark: _Ref525211211]If necessary, RAN2 may seek for further guidance on NR V2X QoS requirements by cooperating with 3GPP SA2 working group.
3	Conclusion
This paper was aimed at discussing QoS support for NR V2X. In the course of the TDoc we have made the following observations and proposals:
Observation 1: The LTE V2X QoS scheme relies on 8 levels of priority (PPPP) and 8 levels of reliability (PPPR), assigned per packet. 
Observation 2: Latency requirements are indicated implicitly within PPPP values. 
Observation 3: NR Rel-15 QoS scheme relies on QoS Flows and mapping those to DRBs. This does not appear to be easily adopted for sidelink interface, considering its constraints known from LTE design.
Observation 4: Considering the abundance of use cases and services the NR V2X shall support, the LTE V2X QoS for SL does not seem to be sufficient to ensure acceptable performance.
Proposal 1: RAN2 is kindly asked to consider possible approaches to QoS for NR V2X: per-packet indicators (similar to LTE V2X), QoS Flow based (as defined for NR Rel-15) or a hybrid approach, taking certain functionalities from both schemes. 
Proposal 2: If necessary, RAN2 may seek for further guidance on NR V2X QoS requirements by cooperating with 3GPP SA2 working group.
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