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Introduction  
During the study on NR V2X, as part of the email discussion in RAN2 104#58, QoS support for NR V2X was extensively discussed to determine the details of the NR sidelink QoS modelling. A new WID [1] has been agreed recently to develop solutions to support QoS for V2X advanced use cases. The agreements [2] made during RAN2#105 are listed below for reference. In this contribution we provide our views and considerations for this modeling.

Agreements on QoS:
1: From the AS perspective, data rate requirements need to be further supported for NR SL, besides QoS metrics (i.e. priority, latency and reliability) as well as minimum required communication range concluded by RAN1.
2: From RAN2 perspective, PQI defined by SA2 for NR SL is feasible. Final decision on whether/how other QoS parameters are defined in addition to PQI is up to SA2.
3: For NR SL unicast, groupcast and broadcast, specific PC5 QoS parameters (e.g. PQI, etc) of V2X packets need to be instructed by the upper layers to the AS.
4a: For V2X transmission in SL unicast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include transmission related parameters which do not need to be known by the peer UE, plus some parameters that are configured also need to be known by the peer UE.
4b: From RAN2 perspective, per-flow QoS model is preferred for NR SL unicast.
4c: The mapping between PC5 QoS flows and SLRBs is at least gNB/ng-eNB configured or pre-configured. RAN2 to further decide in which case(s) gNB/ng-eNB configuration and pre-configuration are applied respectively in WI.
4d: Adopt the procedures in Option b and e (corresponding to Option 2 and 5 in Appendix respectively) for NR SL unicast.
4e: For V2X transmission in SL gouprcast or SL broadcast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include only transmission related parameters which do not need to be known by the peer UEs.
4f: RAN2 agrees that from RAN2 perspective, per-packet QoS model is preferred for NR SL broadcast. Also RAN2 prefers to apply per-packet QoS based model for SL groupcast.
4g: For per-packet QoS model, the mapping between PC5 QoS profiles (i.e. specific PC5 QoS parameters) and SLRBs is gNB/ng-eNB configured or pre-configured.
4h: Adopt the procedures in Option a, c and d (corresponding to Option 1, 3 and 4 in Appendix respectively) for NR SL broadcast. RAN2 to further decide in which case(s) gNB/ng-eNB configuration and pre-configuration are applied respectively in WI.
5: For NR SL unicast, some SLRB configurations need to be informed by the one UE to the peer UE in SL, including at least SN length, RLC mode (related to also Q9) and PC5 QoS profile associated with each SLRB. Other SLRB related parameters are not excluded.
6: SDAP layer is needed at least for NR SL unicast, performing PC5 QoS flow to SLRB mapping. SDAP layer is not needed for per-packet QoS model, e.g. broadcast.
7: RLC AM is supported for NR SL unicast.
8: Need of admission control in NR SL can be discussed in WI.
Discussion
1.1 Sidelink QoS modelling for unicast communication
Some of the advanced V2X use cases such as advanced driving and extended sensors have scenarios that can use both Uu link and sidelink for communication between two UEs supporting V2X application. As per the email discussion [104#58], although the company views for SL QoS modelling of groupcast and broadcast traffic are converged, there seems to be mixed views on QoS modelling for unicast traffic. There was a plethora of discussion about per-packet vs. per-flow QoS modelling for SL unicast. SA2 TR 23.786 solution#19 that has been agreed as baseline for specification suggests to have to a unified QoS model for PC5 and Uu such that the application layer will have a consistent way of indicating QoS requirements regardless of the link used. As shown in agreements made during the study phase, the per-flow model for SL unicast has been agreed. However, it is to be noted that from AS layer point of view, each V2X packet is received with some form of QoS information i.e. there is no difference between per-packet and per-flow modelling (either as part of Uu or PC5) at the AS layer. It does not matter whether the actual QoS parameter received at the AS layer looks like PQI (defined in SA2 TS 23.287 as PC5-5QI) or PC5-QFI, as long as there is a mapping associated between this parameter information and the QoS profile, either in a standardized way or through signalling (for mode1).
Observation 1: 	Per-packet or per-flow QoS modelling refers to every V2X packet received with some form of QoS information (e.g. PQI/PC5-QFI) at the AS layer. 
Observation 2: 	QoS information at the AS layer involving mapping between the received identifier (PC5-QFI or PQI) and the PC5 QoS profile can be done in a standardized manner or through RRC signalling (e.g. for mode-1 operation) or through pre-provisioning (e.g. for mode-2 operation).
To utilize the logical SDAP functionality that supports the marking of QFI-like parameter for every packet and the mapping of a QoS flow with the QFI-like/PC5-QFI marking to a given SL radio bearer for the unicast link, an additional definition of a QFI-like parameter for PC5 that could be dynamically signalled or statically mapped to PC5-5QI or PQI may be needed. As some companies also noted in the email discussion, we think that providing a parameter along with every packet representing QoS as opposed the QoS profile reduces the overhead and resources utilized. 
As per TS 38.413, the 5QI and QFI parameters are defined as shown below:
	5QI
	O
	
	INTEGER (0..255, …)
	Indicates the dynamically assigned 5QI as specified in TS 23.501 [9].



[bookmark: _Toc534720585]9.3.1.51	 QoS Flow Identifier
This IE identifies a QoS flow within a PDU Session. The definition and use of the QoS Flow Identifier is specified in TS 23.501.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Flow Identifier
	M
	
	INTEGER (0..63, …)
	



It is noted here that the two identifiers have different value ranges and therefore, a V2X packet marked with 5QI-like parameter (i.e. PQI) would have different protocol header compared to a V2X packet marked with QFI-like parameter, i.e. PC5-QFI. Although interface selection is not considered as part of the WID, in order to be future-proof, and support switching of interface between Uu and sidelink, not only do new radio bearers need to be established  and configured and mapped to PDU session where necessary, additional inter-layer interaction and changes to the protocol header of the packet itself are needed. We think that this may increase UE complexity. Therefore, it may be prudent to support a generic solution at higher layer between Uu and sidelink for unicast V2X traffic to be future-proof. 
Observation 3: 	A fairly unified QoS modelling design between Uu and sidelink mode-1 and mode-2 unicast communication is feasible. Even as interface switching is not supported in this release, this will ensure a future-proof solution.
Furthermore, during the study we agreed to specific QoS parameter being available at the AS layer as shown below. We think that as per discussion above, it has to be QFI-like parameter and this PC5-QFI parameter received with the V2X packet at the AS layer can map to either a standardized PQI or the QoS profile pre-provisioned to the UE when using mode-2/UE-autonomous resource selection mode.
2: From RAN2 perspective, PQI defined by SA2 for NR SL is feasible. Final decision on whether/how other QoS parameters are defined in addition to PQI is up to SA2.
3: For NR SL unicast, groupcast and broadcast, specific PC5 QoS parameters (e.g. PQI, etc) of V2X packets need to be instructed by the upper layers to the AS.
 
Proposal 1: 	RAN2 to make a working assumption that PC5-QFI like parameter (that either maps to PQI or PC5 QoS profile) would be defined by SA2/CT1 to support QoS at least for SL unicast communication.
While the SA2 TR suggests to use the same QoS model for sidelink as that for Uu for unicast traffic, it is mentioned that each of the unicast link could be treated as a bearer, and QoS flows could be associated with it. Although the SA2 TS 23.287 is not yet updated with this QoS solution, it would be beneficial to clarify with SA2 about what it means to treat the unicast link as a single bearer. We would want to support multiple bearers between two V2X UEs for unicast traffic and potentially as part of each unicast link and might want to request clarification accordingly. 
Observation 4: 	As per SA2 TR 23.786 solution#19 for SL QoS modelling where it is mentioned that each unicast link can be treated as a bearer, it is not clear if multiple QoS flows can be mapped to a given SL RB and if multiple SL RBs can be supported per unicast link.
Proposal 2: 	RAN2 to discuss and agree that multiple QoS flows can be mapped to a given SL RB and multiple SL RBs can be supported between a SRC ID/DEST ID pair (for unicast operation). Send an LS to SA2 to inform of RAN2’s decision. 
 User plane considerations
In this section, we outline the L2/L3 procedures required to be supported for support of QoS. As per the last meeting of SI, RLC AM has been agreed for SL unicast and SDAP support for at least unicast. We discuss the SDAP functions in this section.
1.2 SDAP Functionalities
The SDAP entity is a logical sublayer responsible for transfer of user plane data, mapping of QoS flow to DRB and marking of QoS flow ID and reflective QoS. An entity is established per PDU session for Uu. As part of NR V2X sidelink support, an entity should be established on a per-service basis at the initiating UE for unicast communication and the following aspects need to be supported in the SDAP entity:
· Mapping of QoS flow to SL-DRB  
· Marking of PC5 QFI onto every data packet
Reflective QoS mapping indicates that if the downlink data contains the relevant bit to be set, the UL reflects the same mapping. Such mapping need not apply for direct communication between two UEs wherein each UE can initiate and set required QoS and therefore, we think it is not applicable for sidelink. 
Proposal 3: 	RAN2 to agree that the following functionalities are supported for NR V2X on a per-service basis for sidelink unicast communication support at SDAP sublayer: mapping of QoS flows to SLRB and marking of PC5-QFI to every packet. format, the UL data PDU with SDAP header contains primarily the QFI which would potentially point to PC5-QFI (or similar QoS parameter). The DL data PDU with SDAP header does not need the RQI bit as it seeks to indicate whether NAS should be informed of updated SDF to QoS flow mapping rule. The RDI bit which indicates whether the QoS flow to DRB mapping rule needs to be stored is also not necessary for sidelink communication as it was intended for downlink from the network side.

Observation 5: 	SDAP header for both UL and DL would essentially be the same for NR sidelink and only needs to contain the PC5-QFI parameter.

Proposal 4: 	RAN2 to make a working assumption that SDAP header to support NR V2X sidelink unicast communication primarily contains the PC5-QFI ID. 

Conclusion
In this contribution, we provide further considerations on QoS modelling for NR V2X sidelink and have the following observations and proposal:
Observation 1: 	Per-packet or per-flow QoS modelling refers to every V2X packet received with some form of QoS information (e.g. PQI/PC5-QFI) at the AS layer. 
Observation 2: 	QoS information at the AS layer involving mapping between the received identifier (PC5-QFI or PQI) and the PC5 QoS profile can be done in a standardized manner or through RRC signalling (e.g. for mode-1 operation) or through pre-provisioning (e.g. for mode-2 operation).
Observation 3: 	A fairly unified QoS modelling design between Uu and sidelink mode-1 and mode-2 unicast communication is feasible. Even as interface switching is not supported in this release, this will ensure a future-proof solution.
Observation 4: 	As per SA2 TR 23.786 solution#19 for SL QoS modelling where it is mentioned that each unicast link can be treated as a bearer, it is not clear if multiple QoS flows can be mapped to a given SL RB and if multiple SL RBs can be supported per unicast link.
Observation 5: 	SDAP header for both UL and DL would essentially be the same for NR sidelink and only needs to contain the PC5-QFI parameter.

Proposal 1: 	RAN2 to make a working assumption that PC5-QFI like parameter (that either maps to PQI or PC5 QoS profile) would be defined by SA2/CT1 to support QoS at least for SL unicast communication.
Proposal 2: 	RAN2 to discuss and agree that multiple QoS flows can be mapped to a given SL RB and multiple SL RBs can be supported between a SRC ID/DEST ID pair (for unicast operation). Send an LS to SA2 to inform of RAN2’s decision. 
Proposal 3: 	RAN2 to agree that the following functionalities are supported for NR V2X on a per-service basis for sidelink unicast communication support at SDAP sublayer: mapping of QoS flows to SLRB and marking of PC5-QFI to every packet. 
Proposal 4: 	RAN2 to make a working assumption that SDAP header to support NR V2X sidelink unicast communication primarily contains the PC5-QFI ID. 
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