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[bookmark: _Ref488331639]Introduction
NR V2X study has concluded the QoS support of NR V2X groupcast and reaches the following high-level agreements [1]
· From RAN2 perspective, per-flow QoS model is preferred for NR SL unicast
· 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
In this paper, we discuss several aspects related to QoS design, which are to be addressed in the WI stage. First, we discuss some QoS issues which are common for SL broadcast, groupcast and unicast. Then, we discuss specific QoS issues for each of the cast type respectively 
[bookmark: _Ref178064866]Discussion
General 
In this section, we discuss some QoS design aspects common for broadcast, groupcast and unicast.
One important aspect of QoS handling in NR V2X is that SLRB configurations are either NW configured or pre-configured based on the QoS Profile, either in a UE-specific/cell-specific way or preconfigured, as shown in Chapter 7 of 3GPP TR 38.885 [2]. It has been agreed to discuss in WI stage how to apply those options. In general, RRC_CONNECTED UEs could get dynamic, real-time mapping form the gNB or ng-eNB. Moreover, the sidelink communicaton destinaton could be provided to NW, and NW can customize and optimize its configuration based on the cast-type and ProSe destination provided in the UE-to-NW message (e.g, RRC message such as SidlelinkUEInformation). .
Proposal 1: RRC_CONNECTED UEs served by NG RAN for V2X may use UE-specific mapping of SLRB configurations and QoS, which are provided in dedicated RRC signalling.
Proposal 2	it is up to NW implementation to take account of destination, cast type and other information provided by UE to determine the proper mapping. 
It is obvious that pre-configurations shall only be used for out of coverage UE, including those UEs which are camped in a RAT (e.g., NG-RAN) which dos not support V2X. Those preconfigured mappings are semi-static in nature.
Proposal 3	UEs which are not served by NG-RAN for V2X may use semi-static preconfigured mapping of SLRB configurations and QoS profile.
For V2X UEs not in RRC_CONNECTED mode, there will be difficulty to obtain per-UE configuration via RRC signalling. Thus, the configurations have to be cell-specific and as a result, semi-static. The logical solution is to provide default SLRB configurations mapped to each possible QoS profile in the SIB. As SIB configurations are good for all UEs under the cell coverage, those SLRB configurations must be destinations-agnostic, but should be specific for a cast type.
Proposal 4: RRC IDLE or RRC INACTIVE UEs in coverage of a cell supporting NR V2X may use default mapping of QoS profile and SLRB configurations provided in cell-specific SIB signalling, per cast-type and destination-agnostic. 
We have a concern about the SIB size limit to include all necessary SLRB configurations for possible QoS profiles to be used by UEs in a cell. It is worth noting the SIB need to provide separate configurations for different cast-type. Also, any different QoS profile need a different set of configurations. Thus, the SIB may not have enough room to contain all cell-specific QoS-related mapping, consider the size of a SLRB configuration is non-trivial. Given that the SIB may be extended to support multiple carrier operation (e.g., carrier aggregation) in the next release, this may worth some discretion in the R16 design. It is recommended for RAN2 to consider means to reduce the size of SLRB configurations in SIB. One possible method is to not simply define the mapping as a QoS profile to the full set of AS parameters used in SLRB configuration, but only specify the “mapping rules” used by UE to map certain QoS metric to particular AS parameter configuration limits/bounds. Those common rules can be used by UE to generate the full set of SLRB configuration.
Proposal 5	Instead of providing the mapping of QoS profile to the full set of AS parameters used in SLRB configuration, SIB only specifies the rules to mapping certain QoS metric to particular AS parameter configuration limits. 
Finally, it is plausible that the SLRB configuration contains multiple “allowed” choices for a certain AS parameter based on the QoS profile or based on QoS flow identifier. In such a case, it is up to UE to select the final parameter to be used per-packet or per-flow.
Proposal 6	It is up to UE implementation to select one setting of AS parameter in SLRB configuration, if multiple values or choices are allowed in SLRB configuration for a QoS Profile. 

Broadcast
In 5G V2X, based on the QoS characteristics represented by a PQI (PC5 5QI) and some additional QoS parameters associated with each packet/flow, the following metric of QoS may need to be enforced in AS layers:
· Priority Level
· Packet Delay Budget
· Packet Error Rate
· Maximum Data Burst Volume
· Minimum Communication Range
· Data Rate (for GBR)
Per-packet QoS model is preferred for NR SL broadcast, as same as LTE-V2X. Therefore, some similarity in the QoS handling for LTE-V2X and NR-V2X are expected. For the SLRB configuration for broadcast, RAN2 shall limit the optimization work and reuse whatever QoS mechanism defined for LTE-V2X. 
Proposal 7: “Priority Level” is handled as same as LTE-V2X for NR V2X broadcast
Proposal 8: “Packet Delay Budget” is handled as same as LTE-V2X for NR V2X broadcast
Reliability metric was introduced as PPPR in REL-15 LTE-V2X. However, no carrier-aggregation is supported in REL-16 5G V2X work. Thus, using PPPR to determine CA packet duplication is not needed. Range is a new QoS parameter introduced in 5G V2X. It is evident that the higher reliablity and longer range requires more retransmissons. Any packet loss out of the minimum communication range shouldn’t contribute to the PER statistics. From this perspective, we think those two parameters can be both used to determine the HARQ transmission times for NR V2X broadcast. In SL broadest, there is no HARQ feedback, therefore HARQ retransmission is blind. In LTE-V2X, only up to 1 HARQ transmission is allowed and this is directly configured in RRC signalling (NW-configured or preconfigured) It is striaight-forward that the higher reliablity and/or longer range requires more blind retransmissons. SLRB configuration need to inlcude the parameter for the number of HARQ TX. wjhich is to be decied based on both reliabilty and the broadcast range.
Proposal 9:	In SLRB configuration for broadcast, both reliability (PER) and Minimum Communication Range parameters can be used to determine the configuration for the number of HARQ retransmissions.
Maximum Data Burst Volume relates to how much data transmission a UE can perform within a certain time window. This parameter can internally be used by UE to select the maximal MCS level, which can be part of SLRB configuration for a certain QoS profile.
Proposal 10: Maximum Data Burst Volume is used to decide the maximal MCS level in the SLRB configuration for NR V2X broadcast.
Groupcast
Logically, as groupcast and broadcast both use per-packet QoS model, so conclusions related to broadcast can be also applied for groupcast. Here we only discuss groupcast-specific QoS design issues, e.g., HARQ-feedback. 
According to SA2 solution 21, which is detailed in 3GPP TR 23.786 [3], each groupcast packet is tagged with PQI and minimum communication range and passed down to the AS layers for transmission. So, from a TX UE perspective, it has been assigned to a range boundary to reach, which is the “minimum communication range”, and there is also a related “reliability (Packet Error Rate)” requirement which has been represented by PQI. Packet Error Rate can be closely related to desired reliability level for a packet. Since desired reliability level has to be associated with a desired minimum communication range as it is not possible to achieve high reliability level at arbitrarily large distances. Any packet loss out of the desired range shouldn’t contribute to the PER statistics. Thus, Packet Error Rate (reliability) and Minimum communication range can be both important in deciding maximum number of HARQ retransmissions in case of groupcast.
Proposal 11		Packet Error Rate and Minimum Communication Range parameters are both used by TX UE to decide the maximum number of retransmissions for groupcast.
In TR 38.885 [2], the following physical layer procedure related to HARQ procedure is agreed:
When SL HARQ feedback is enabled for groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
In AS layer designs, it is agreed to support to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback for groupcast transmission. When either TX-RX distance or RSRP is used as a AS layer threshold, it would allow the nearby RX UEs to transmit HARQ feedback but relieve the “further away” receivers from the obligation to sending feedback. Therefore, this is equivalent to setup a range boundary around the TX UE for HARQ feedback transmission. The receiving UEs which are out of this boundary, even may receive the groupcast transmission correctly, are not mandated to send HARQ feedback. It is natural for this UE to use HARQ mechanism to ensure the reliability within the boundary given by the “minimum communication range”. For the UEs out of this range, it is just “best-effort”. There is no justification for a UE to have another range threshold in AS layer for this operation.
Proposal 12		“minimum communication range” parameter in the QoS profile is used as a criterion to decide whether the send HARQ feedback in AS layers for groupcast. 
In TR 38.885[3], it has also been said that:
In the case of non-CBG operation, two options are supported: (Editor's note: This is a RAN1 working assumption)
Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.
Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE
Per RAN1 working assumption, both the option to send ACK/NACK or NACK-only are to be supported. Thus, for SLRB configuration mapped from the QoS Profile of a groupcast, both shall be allowed. 
Proposal 13	:	In SLRB configuration for groupcast, both NACK-only and ACK+NACK feedback are to be allowed, per RAN1 working assumption. 
Our understanding is that the two options has different radio resource requirements in PSFCH and also have different implication of whether the TX UE has the full knowledge of group membership. Therefore, it needs further discussion on how this choice is linked to a particular QoS profile, or this is related to a PSID, in RAN WGs.
Proposal 14		RAN2 further discuss how to link the HARQ-feedback option with a certain QoS Profile or a PSID.
Unicast
[bookmark: _Hlk4489312]Similarly, we only discuss unicast-specific QoS design issues in this section. RAN2 has agreed that the per-flow based QoS model is used for NR V2X unicast. Regarding the unicast flow, it first needs to clarify that the flow involves traffic in both directions. This is also same as QoS Flow definition used for Uu interface. Therefore, the UE is involved for a PC5 QoS flow is both a transmitter and a receiver. 
Proposal 15		RAN2 confirms that QoS flow for V2X unicast is bi-directional.
Similarly, the SLRB configurations for this QoS flow shall contain TX and RX parameters for both directions. Thus, AS configurations for a SL DRB shall be applied to transmission and reception by both peer UEs.
Proposal 16		SL DRB configurations, if agreed upon by both UEs, contain AS parameters used in both directions for transmission and reception.
Logically, the QFI used by peer UEs shall be known by both UEs before the QoS flow begins. The procedure to negotiate the QFI has to be specified by upper layers. AS layers need to determine the proper QFI to DRB mapping, as similar to the Uu interface in NR QoS design. To help SA2 to specify, AS layers need to first understand how QFI is used in the sidelink case. Different from NR Uu, the V2X UE can have multiple links to multiple peer UEs at the same time. Thus, a QFI value may need to be considered in the link-specific context. On the other hand, it has been assumed that “Pre-configuration of the SLRBs for all possible PC5 QoS flows” (See Chapter 7 of TR 38.885 [3]). It is very unclear how “all possible PC5 QoS flows” can be preconfigured if the provisioning entity has no knowledge of how may flows the UE will be used for each respective peer UE. It seems that the only plausible option to make this true is to represent the PC5 QoS Flow with some identifier(s) statically mapped from QoS requirement (PQI, etc), which is commonly known.
Proposal 17		RAN2 discuss whether PC5 QFI needs to be a) static parameter (non-UE specific) e.g. mapped form PQI, or b) dynamically selected by UE pairs and be link-specific.
Regarding the V2X unicast communication, the two peer UE are, by default, equal, which means each side can initiate and release DRBs. Different from Uu interface, there is no clear master-slave relationship in sidelink unicast case. Therefore, in the process to set up sidelink DRB, when SLRB configuration(s) are proposed by one UE in a PC5-RRC signalling, the peer UE shall have the right to
1); select one appropriate configuration if the initiating UE provides multiple choices in the PC5-RRC message; or
2) reject the proposals based on its own assessment of whether QoS can be satisfied and propose alternative configurations.   
Proposal 18:	SLRB configuration for a unicast QoS flow need to be agreed via negotiation in PC5-RRC signalling involving both UE. RAN2 further decide the details of PC5-RRC procedure to realize this. 
Finally, regarding the QoS parameter “Data Rate”, this is likely to be a parameter associated with a QoS flow and only be meaningful for GBR. For the resource allocation mechanisms discussed so far, i.e., mode 1 and mode 2, we think data rate may be able to be fairly enforced in NW-scheduling mode when eNB can fully control the resource allocation. For autonomous resource selection (mode 2) based on sensing, it is hard to guarantee resource reservation for a unicast flow, due to the resource pool is commonly shared among all UEs in proximity and the interferences from other nearby UEs cannot be perfectly evaluated and avoided. Although knowing the data rate can help TX UE and RX UE to evaluate how many radio resources it shall use in average, it is unclear how the data rate QoS requirement can be successfully guaranteed in mode 2. RAN2 may need further study whether and how to support this in mode 2.
Proposal 19:	RAN2 discuss whether and how to support GBR traffic with data rate requirement in AS layer(s) in mode 2.

Conclusion
Based on the discussion in section 2 we have following proposals:
Proposal 1: RRC_CONNECTED UEs served by NG RAN for V2X may use UE-specific mapping of SLRB configurations and QoS, which are provided in dedicated RRC signalling.
Proposal 2	it is up to NW implementation to take account of destination, cast type and other information provided by UE to determine the proper mapping. 
Proposal 3	UEs which are not served by NG-RAN for V2X may use semi-static preconfigured mapping of SLRB configurations and QoS profile.
Proposal 4: RRC IDLE or RRC INACTIVE UEs in coverage of a cell supporting NR V2X may use default mapping of QoS profile and SLRB configurations provided in cell-specific SIB signalling, per cast-type and destination-agnostic. 
Proposal 5	Instead of providing the mapping of QoS profile to the full set of AS parameters used in SLRB configuration, SIB only specifies the rules to mapping certain QoS metric to particular AS parameter configuration limits. 
Proposal 6	It is up to UE implementation to select one setting of AS parameter in SLRB configuration, if multiple values or choices are allowed in SLRB configuration for a QoS Profile. 
Proposal 7: “Priority Level” is handled as same as LTE-V2X for NR V2X broadcast
Proposal 8: “Packet Delay Budget” is handled as same as LTE-V2X for NR V2X broadcast
Proposal 9:	In SLRB configuration for broadcast, both reliability (PER) and Minimum Communication Range parameters can be used to determine the configuration for the number of HARQ retransmissions.
Proposal 10: Maximum Data Burst Volume is used to decide the maximal MCS level in the SLRB configuration for NR V2X broadcast.
Proposal 11		Packet Error Rate and Minimum Communication Range parameters are both used by TX UE to decide the maximum number of retransmissions for groupcast.
Proposal 12		“minimum communication range” parameter in the QoS profile is used as a criterion to decide whether the send HARQ feedback in AS layers for groupcast. 
Proposal 13	:	In SLRB configuration for groupcast, both NACK-only and ACK+NACK feedback are to be allowed, per RAN1 working assumption. 
Proposal 14		RAN2 further discuss how to link the HARQ-feedback option with a certain QoS Profile or a PSID.
Proposal 15		RAN2 confirms that QoS flow for V2X unicast is bi-directional.
Proposal 16		SL DRB configurations, if agreed upon by both UEs, contain AS parameters used in both directions for transmission and reception.
Proposal 17		RAN2 discuss whether PC5 QFI needs to be a) static parameter (non-UE specific) e.g. mapped form PQI, or b) dynamically selected by UE pairs and be link-specific.
Proposal 18:	SLRB configuration for a unicast QoS flow need to be agreed via negotiation in PC5-RRC signalling involving both UE. RAN2 further decide the details of PC5-RRC procedure to realize this. 
Proposal 19:	RAN2 discuss whether and how to support GBR traffic with data rate requirement in AS layer(s) in mode 2.
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