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1 Introduction
As in [1], QoS management is one of the objectives that should be studied by RAN2 for NR V2X SI as follows:

	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


Essentially, the support of QoS over radio interface is one of the most important topics in RAN2. In LTE V2X, the PPPP/PPPR mechanism is applied in sidelink, and can only be used to support the requirements for the basic set of V2X services as specified in [2]. However, the PPPP/PPPR mechanism is basically an incomplete mechanism for QoS support, and is definitely insufficient to also support the diverse and stringent QoS requirements of the advanced services for NR V2X in [3][4].  
In this contribution, therefore, we justify the need of complete QoS mechanism in NR sidelink from RAN2 perspective and discuss the possibility for the NR sidelink to share a unified QoS framework with NR Uu. Then, the potential RAN2 impacts that may need to be studied for the QoS support in NR sidelink are also discussed.
2 Discussion
2.1 Need of complete QoS support in NR sidelink

To support advanced V2X services, TS 22.186 [4] specifies a variety of requirements for four use case groups, including vehicles platooning, advanced driving, extended sensors and remote driving, in the following six dimensions:
· Payload (Bytes);

· Transmission rate (Message/Sec);

· Maximum end-to-end latency (ms);

· Reliability (%);

· Data rate (Mbps);
· Minimum required communication range (meters). 
Also, as seen from Table 5.2-1 ~ 5.4-1 in [4], most of these requirements shall be applied to the scenarios which need the corresponding V2X messages to be transferred directly between the UEs supporting those advanced V2X services. In RAN, this just corresponds to the V2X communication in NR sidelink. 

Observation 1: Most of the requirements specified in TS 22.186 need to be supported for the V2X message transfer directly between UEs, which corresponds to V2X communications in NR sidelink. 

With Observation 1, now we justify why PPPP/PPPR mechanism in LTE V2X sidelink communication is not sufficient and thus cannot be reused to support also the QoS requirements for V2X in NR sidelink. There can be generally (but not limited to) the following reasons:

· It is not sufficient to use the PPPPs to derive the latency requirement values in NR V2X as in LTE. 
As per [3], the latency requirements of the advanced V2X services range from 3 ms to 500 ms
. In LTE V2X SL communication, however, each V2X packet will be submitted from the upper layer with a PPPP value, and it is the PPPP that indicates the latency requirement of the associated packet. Considering that only 8 PPPP values are available in LTE, at most 8 different values of latency requirement can be indicated; further considering that V2X services with different priorities may share the same latency requirements (which case already exists in 5QI for NR Uu [5]), the actual latency requirement values that can be indicated by the PPPP values are even less than 8. Obviously, this makes the eight-level PPPPs no more capable of indicating all those latency requirement values for NR V2X.
· The PPPP/PPPR mechanism is not able to cover some types of the requirements specified by [3] for NR V2X, e.g. requirements related to data rate, message transmission rate, etc. 
In [3], there are explicit data rate requirements for the advanced V2X services in most of the use cases/scenarios, so some V2X services may need to be supported with guaranteed bit rate like a GBR flow. On the other hand, SA2 has already agreed that there should be NR sidelink specific AMBR in [7], and this is also a sort of requirements related to data rate that needs to be taken into account in NR V2X.
· In the AS, the resource allocation based on the PPPP/PPPR is not able to support each type of QoS requirement sufficiently in the radio interface. 

Generally, the QoS support in uplink depends largely on the resource allocation of the NW as well as the resources allocated among logical channels with different QoS requirements by the UE. However, in LTE sidelink, though the eNB/UE can allocate/select resources based on the latency/reliability reflected by PPPP/PPPR of the available data (e.g. the highest PPPP in Mode-4), the sidelink LCP procedure can only realize the priority handling among the sidelink logical channels at each actual transmission, but cannot further allocate resources to fully meet the specific QoS requirements of each sidelink logical channel (e.g. no PBR, BSD to meet the data requirements of each LCH like in uplink). From this perspective, the PPPP/PPPR mechanism cannot be applied to support NR V2X in the AS layer either. 
Also, in SA2 #128 meeting, the following sentence was agreed in [6] and captured in TR 23.786 [7]. This means that from SA2 perspective, it is also the consensus that the PPPP/PPPR mechanism in LTE should not be used for NR V2X anymore, and a complete QoS framework with more parameters needs to be supported. 

Support of PC5 QoS framework enhancement for eV2X. The QoS requirements for eV2X are different from that of the EPS V2X, and the previous defined PPPP/ PPPR in TS 23.285 [5] are considered not to satisfy the needs. Specifically, there are much more QoS parameters to consider for the eV2X services. This solution proposes to use 5QI for eV2X communication over PC5 interface. This allows a unified QoS model for eV2X services over different links.
Based on both SA1 requirements and SA2 progress, therefore, we from RAN2 perspective think that PPPP/PPPR mechanism shall not be used but a complete QoS framework is needed for NR sidelink.
Proposal 1: From RAN2 perspective, NR sidelink shall not use PPPP/PPPR mechanism as in LTE sidelink, but needs to support a complete QoS framework (including QoS parameters such as latency, reliability, priority, bit rate, etc.). 
2.2 Unified QoS between NR sidelink and Uu
The simplest way for Proposal 1 may be to reuse the 5QI/QFI framework defined in [5] for NR Uu. Also, according to the following descriptions in [7], it seems to be also SA2's consensus that the NR V2X QoS requirements as listed above could be well represented by 5QI. 
Note that the same set of service requirements apply to both PC5 based V2X communication and Uu based V2X communication. As analysed in solution #2 (clause 6.2), these QoS characteristics could be well represented with 5QI defined in TS 23.501 [7].
Observation 2: As per analyses from SA2, 5QI/QFI framework can well represent NR V2X QoS requirements in both sidelink and Uu.

Therefore, we propose that 5QI/QFI mechanism should be supported as the baseline for NR sidelink from RAN2 perspective. 

Proposal 2: From RAN2 perspective, 5QI/QFI framework can be used as a baseline for the QoS support for NR V2X in sidelink.  
Now that the 5QI/QFI framework can also be used for NR sidelink, which may enable the QoS handling in sidelink and Uu to follow a consistent way,  it is therefore likely to consider a unified QoS framework for sidelink and Uu in NR, which is also a topic that is under the study of SA2, as follows [7]:

It is therefore possible to have a unified QoS model for PC5 and Uu, i.e. also use 5QIs for V2X communication over PC5, such that the application layer can have a consistent way of indicating QoS requirements regardless of the link used.
From RAN perspective, since both resources in sidelink and uplink are available for NR V2X communication, the unified QoS mechanism enables the RAN to select a preferable link between the two links, along with the corresponding resources, so as to better serve each V2X service based on its actual QoS requirements. On the other hand, different from LTE where different QoS mechanisms in SL and Uu apply and may lead to packet drop when the link for V2X transmission is switched, a unified QoS mechanism may avoid such packet drop in NR during the link switch (e.g. data of a 5QI/QFI can be yielded between the sidelink radio bearer and data radio bearer for the same 5QI/QFI, when transmission link of the corresponding V2X service is changed).
Considering both SA2 progress and benefits to RAN, we propose to study the unified QoS framework between Uu and sidelink from RAN2 perspective. 
Proposal 3: From RAN2 perspective, a unified QoS mechanism across NR Uu and NR SL should be studied.
2.3 Potential RAN2 impacts for QoS support in NR V2X
Based on the above proposals, we briefly discuss what RAN2 impacts would be needed to support the QoS in NR sidelink from the following aspects. 
· Sidelink radio bearer and sidelink logical channel configuration
In RAN2, the QoS support for different services is mainly realized by the configuration of radio bearers and logical channels. Specifically, in uplink, the gNB configures data radio bearer for a service/QoS flow with a set of parameters, which are configured based on the specific QoS requirements of that service/flow. For example, at the logical channel level, the prioritized bit rate (PBR) is configured to support the data rate requirements for each radio bearer, whereas a higher logical channel priority may be configured to a radio bearer whose data requires lower latency. As another example, RLC AM and PDCP duplication may be configured to the RLC entity and PDCP entity respectively for radio bearer with high reliability requirements. 
In LTE V2X, however, the configuration of sidelink radio bearer is up to UE implementation, so that those parameters are not configured in a way that can really support the actual QoS requirements of the V2X services mapped to each sidelink radio bearer. To this end, we propose that sidelink radio bearer and sidelink logical channel in NR should also be network configured (for in-coverage UEs) or pre-configured (for out-of-coverage UEs) based on the QoS requirements, and suggest RAN2 to study what parameters need to be configured for each sidelink radio bearer. 
Proposal 4: RAN2 to study the network configured and/or preconfigured sidelink radio bearer and logical channel for NR sidelink, and study what specific parameters need to be configured.
· Resource allocation
As discussed above, another important aspect that has obvious impact on the QoS provided in radio interface is resource allocation mechanism. In LTE V2X sidelink communication, the eNB derives PPPP/PPPR from the LCG reported in the SL BSR to get the latency and reliability requirements, and schedules resources accordingly for Mode-3 UEs, whereas the UE autonomously selects resources according to the highest PPPP (and corresponding latency requirement) of the available data for Mode 4. 
Now, as per RAN1 agreements [8], in NR we also have the mechanism of "Base station schedules sidelink resource(s)" (i.e. Mode 1), and the mechanism of " UE determines (i.e. base station does not schedule) sidelink transmission resource(s)" (i.e. Mode 2). For Mode 1, since it is already justified in section 2.1 that the PPPP/PPPR mechanism are not sufficient to reflect the QoS requirements for NR V2X, it is necessary to study how the UE informs the gNB of the specific QoS requirements for the available V2X packets to be transmitted in sidelink. Regarding Mode 2, the resources may need to be determined by the UE with the consideration of various QoS requirements in NR sidelink. 
So we suggest RAN2 to study the potential higher layer impacts for a QoS-based resource allocation mechanism.    

Proposal 5: RAN2 to study the higher layers impact to support a QoS-based resource allocation mechanism (e.g. how to inform the various QoS requirements of V2X services in sidelink to the gNB for NR Mode 1, how to determine resources with QoS support in sidelink by the UE for NR Mode 2, etc.). 
· QoS feedback
According to [1], it is needed to optimize multicast and unicast communication between UEs supporting V2X application, in order to meet the demanding communication requirements for many V2X use cases. This corresponds to the General Requirement [R.5.1-002] in [4] as follows:

The 3GPP system shall be able to optimize the communication between UEs supporting V2X application belonging to the same group and in proximity.

The optimization of V2X communications and in general the requirement for guaranteed and reliable sidelink communications requires the continuous monitoring on whether the QoS of the corresponding V2X services/scenarios are met, and if necessary, feedback to the network for potential adjustment on the QoS related configuration and/or policy. 
As per earlier discussions, 5QI/QFI framework may be applied to sidelink, and this enables different metrics to be considered (e.g., 5QI/QFI like parameters in unified QoS framework) for QoS monitoring in NR sidelink, depending on the specific type of the V2X service/scenario. In LTE V2X, there is no mechanism of QoS monitoring and feedback in sidelink, and the existing CBR reporting mechanism may not be sufficient from a QoS perspective, as it can only indicate a rough channel occupation status, but cannot directly indicate the actual QoS experienced in sidelink by the UE or allow a direct comparison between the QoS actually experienced by the UE and the actual QoS requirements specified for those advancedV2X services/use cases.

To support the above QoS monitoring and feedback, RAN2 may study the QoS parameters that are configured by the network to measure and report, how the QoS parameters are derived by the UEs, and/or the corresponding measurement and reporting framework. Also, the mechanism may be studied mainly for groupcast and unicast scenarios, which has some specific links to be monitored.
Proposal 6: RAN 2 to study QoS feedback mechanism, which enables the UE to measure and report some QoS metrics it actually experienced in sidelink, for unicast and groupcast, in order to assist the network to achieve better performance.  
3 Conclusion
This contribution discusses QoS support for NR V2X.The observations and proposals are as follows:

Observation 1: Most of the requirements specified in TS 22.186 need to be supported for the V2X message transfer directly between UEs, which corresponds to V2X communications in NR sidelink. 

Observation 2: As per analyses from SA2, 5QI/QFI framework can well represent NR V2X QoS requirements in both sidelink and Uu.

Proposal 1: From RAN2 perspective, NR sidelink shall not use PPPP/PPPR mechanism as in LTE sidelink, but needs to support a complete QoS framework (including QoS parameters such as latency, reliability, priority, bit rate, etc.). 

Proposal 2: From RAN2 perspective, 5QI/QFI framework can be used as a baseline for the QoS support for NR V2X in sidelink.  
Proposal 3: From RAN2 perspective, a unified QoS mechanism across NR Uu and NR SL should be studied.
Proposal 4: RAN2 to study the network configured and/or preconfigured sidelink radio bearer and logical channel for NR sidelink, and study what specific parameters need to be configured.
Proposal 5: RAN2 to study the higher layer impacts to support a QoS-based resource allocation mechanism (e.g. how to inform the various QoS requirements of V2X services in sidelink to the gNB for NR Mode 1, how to determine resources with QoS support in sidelink by the UE for NR Mode 2, etc.). 
Proposal 6: RAN 2 to study QoS feedback mechanism, which enables the UE to measure and report some QoS metrics it actually experienced in sidelink, for unicast and groupcast, in order to assist the network to achieve better performance.  
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� In [3], there are actually 9 different latency requirements specified: 3, 5, 10, 20, 25, 50, 100, 500 and none. 
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