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1 Introduction
In RAN #83, a new WI on NR V2X was agreed [2].  One of the objectives if this WI is the support for QoS management. In RAN2 #105, QoS management was discussed and the basic information flows for configuration of a SLRB for unicast, groupcast, and broadcast were included into TR 38.885 [1].  The method in which the SLRB is obtained by the UE for different states was not agreed.  In addition, discussion on admission control and RRM measurements was postponed to the WI phase.  In this contribution, we discuss these aspects in more detail.

2 Handling QoS Requirements in NR V2X 
2.1 Configuration of SLRB to Meet PC5 QoS Requirements

In SA2’s response LS [3], SA2 has indicated that the per-flow QoS model will be used for all “cast types” in NR V2X (unicast, groupcast, and broadcast).   Specifically, a QoS flow (identified by a QFI) is associated with a PC5 QoS profile.  This profile is represented by a PQI which represents the QoS parameters of [4]:
· Resource Type (GBR, Delay critical GBR or non-GBR);

· Priority Level;
· Packet delay budget;
· Packet Error Rate;
· Averaging window (for GBR and delay-critical GBR only);
· Maximum data burst volume (for delay-critical GBR only).
For groupcast and broadcast, the PQI values are standardized and so static QFI values can be used.  For unicast, negotiated QoS parameters may be possible.  In addition to the PQI, data can be associated with a minimum communication range.  The range parameter represents the minimum distance for which the associated QoS parameters should apply [4].  

With the flow-based model, the AS layer will create one or multiple SLRBs where the AS-layer parameters associated with each SLRB are (pre)configured.  The SLRBs will be used to carry flows having same/similar PQI and possibly range.  The mapping of QFI and range to SLRB can be preconfigured or configured by the network, as per the TR 38.885 [1].  In addition, range requirements apply only to unicast and groupcast and may use default values determined by the V2X layer for some services.  Therefore, a SLRB may or may not be associated with a range requirement depending on whether the SLRB is for broadcast or unicast/groupcast.
Proposal 1:
Per-flow based QoS is used for unicast, groupcast, and broadcast. 
Proposal 2:
A UE maps a flow associated with a PQI (for all casts) and minimum communication range (for unicast and groupcast only) to a SLRB based on (pre)configuration.
How the UE receives the SLRB configuration (NW configuration or preconfiguration) for different UE states and coverage situations needs further discussion.  
For a UE out-of-coverage, the UE cannot receive its configuration from the NW, and preconfiguration is the only choice.
Proposal 3:
A UE out-of-coverage receives its SLRB configuration and SDAP configuration (QFI to SLRB mapping) from pre-configuration. 
Conversely, a UE in RRC_CONNECTED should receive its configuration via dedicated signalling only.  
Proposal 4:
An RRC_CONNECTED UE receives its SLRB configuration and SDAP configuration (QFI to SLRB mapping) via dedicated RRC signaling.

Finally, for a UE in RRC_IDLE/RRC_INACTIVE, preconfiguration may not be preferable since the NW may want to change certain SLRB configurations depending on resources made available for sidelink (i.e. the pool configuration).  Therefore, similar to the pool configuration, the SLRB configuration should be provided in SIB signalling if the network allows the UE to operate in Mode 2 while in RRC_IDLE/RRC_INACTIVE.  
Proposal 5:
A UE in mode 2 while in RRC_IDLE/RRC_INACTIVE receives its SLRB configuration and SDAP configuration (QFI to SLRB mapping) via SIB signaling.

2.2 SLRB Establishment Decision
In Uu (including V2X over Uu), the network controls the Uu resources and performs admission control to determine whether a new service/DRB should be allowed.  This ensures that sufficient network resources are available to meet the QoS requirements of the currently established DRBs.

In LTE V2X, QoS is managed only by congestion control mechanisms (i.e. limitiation in transmit power, MCS, number of retransmission, etc).  This is suitable for the per-packet based QoS scheme in LTE V2X because there is no a-priori knowledge of a regular flow of packets associated with a specific QoS, and QoS requirements in LTE were less stringent.

Unicast in NR V2X, on the other hand, requires a link establishment procedure initiated by upper layers which involves QoS negotiation between the peer UEs [3].  During this negotiation, the QoS parameters associated with each QFI are established by the upper layers and provided to the lower layers.  Similar to Uu, the creation of the link should guarantee that a certain QoS is met. 
Observation 1:
Unicast link establishment involves an end-to-end QoS negotiation which is not present for broadcast 
In addition, congestion control in LTE V2X does not provide an adequate mechanism to ensure QoS is met for a specific service or bearer because any service is allowed into the system.  If resource capacity is reached, admission of additional UEs/services may compromise the QoS requirements of other UEs already in the system.  With a more predictable measure of necessary resource usage, a better way to achieve QoS is to admit only the services whose QoS can be achieved under the current radio conditions.  
It may be possible to limit operation of certain services using LTE V2X congestion control mechanism where the configured maximum TX power for a UE is set to 0 under certain conditions.  However, relying uniquely on this technique to ensure QoS in NR has the following issues:

· AS would anyway need to inform the upper layers following its change of TX parameters that the services can no longer be supported (or a mechanism to do so would need to be devised);
· AS and upper layer signalling to establish a unicast link is being exchanged for a SLRB which will effectively generate no transmissions.
Observation 2:
Congestion control based only on TX parameter limitation may result in link establishment signalling, inter-layer interaction, and processing at the UE without any actual data transmission. 

As a result, RAN2 should specify procedures at the AS layer to not allow new flows to be established at the upper layers when their corresponding QoS cannot be met at the AS layer.  For mode 1 sidelink transmission, the network can control the SL resources and can decide whether a SL bearer can be established or not.  For mode 2, the network may also perform this decision, however a UE-based decision is preferable since it can be used also for the out-of-coverage scenario.
Proposal 6:
The network (at least for mode 1) and the UE (at least for mode 2 out of coverage) determine whether a SLRB is established to support new flow(s) on SL.   
The type of measurements such decision may be based on should be discussed.  Since restricting the establishment of a SLRB is being used to avoid congestion, a starting point would be to use a UE’s CBR measurements for this decision.  
CBR measurement alone gives an indication of the number of resource that are occupied/available.  However, this may not give enough information about whether data associated with specific QoS characteristics of priority, latency, reliability, range can be met as a result of resource selection for SLRBs using mode 2.  More detailed information from sensing results or metrics collected from those sensing results may instead be needed.    

Proposal 7:
UE measurements of at least CBR are used to determine whether to establish a SLRB in mode 2.  

2.3 RRM for Managing QoS

During the SI phase, it was agreed to further study the definition and motivation of SL RRM for AS-layer link management.  RRM for Uu is used predominantly for the network to make mobility decisions.  In the context of V2X, “RRM” measurements may instead be used for maintenance of QoS once a SLRB is established.  
Reporting of RRM measurements to the network when the unicast link is being controlled by the network (i.e. mode 1) is natural and could use a similar approach to reporting of CBR in LTE V2X.  However, for mode 2, we see two main differences with sidelink that make the Uu RRM reporting model not applicable for sidelink unicast:

1) For unicast in mode 2, the resources are not managed by a single entity but instead are shared within a resource pool.  Reporting of SL RRM measurements from the receiver UE to the transmitter UE has little benefits (considering the overhead of reporting) since the transmitter UE can itself determine whether QoS is achievable and take appropriate actions.

2) For unicast in mode 2, RRM measurements based on L3 averaging of a reference signal do not represent well enough whether QoS is achieved because it gives only an indication of channel quality/interference but not the congestion of the resource pool or the ability to select appropriate resources

Proposal 8:
SL RRM measurements performed by a UE can be reported to the NW only.

Proposal 9:
To support unicast, SL RRM measurements should include at least CBR.
A unicast link will support an RLF procedure to ensure reliability of that link.  It may be possible that a SLRB associated with that unicast link fails (i.e. its QoS cannot be supported) without RLF of the entire unicast link.  To allow the upper layers to terminate a specific service on a unicast link while maintaining other services, the AS level link status reported to upper layers should allow for reporting of failure at the SLRB or QoS flow level, as well as at the level of the entire unicast link.  While SLRB failure would depend on RRM measurements, unicast link failure would be based on the RLM/RLF procedure.  

Proposal 10:
AS layer can report failure of one or more QoS flows to upper layers.

3 Conclusion

In this contribution the following observations were made on QoS Management for NR V2X:

Observation 1:
Unicast link establishment involves an end-to-end QoS negotiation which is not present for broadcast 

Observation 2:
Congestion control based only on TX parameter limitation may result in link establishment signalling, inter-layer interaction, and processing at the UE without any actual data transmission. 

Based on these observations, the following conclusions were made:

Proposal 1:
Per-flow based QoS is used for unicast, groupcast, and broadcast. 

Proposal 2:
A UE maps a flow associated with a PQI (for all casts) and minimum communication range (for unicast and groupcast only) to a SLRB based on (pre)configuration.

Proposal 3:
A UE out-of-coverage receives its SLRB configuration and SDAP configuration (QFI to SLRB mapping) from pre-configuration. 

Proposal 4:
An RRC_CONNECTED UE receives its SLRB configuration and SDCAP configuration (QFI to SLRB mapping) via dedicated RRC signaling.

Proposal 5:
A UE in mode 2 while in RRC_IDLE/RRC_INACTIVE receives its SLRB configuration and SDAP configuration (QFI to SLRB mapping) via SIB signaling.

Proposal 6:
The network (at least for mode 1) and the UE (at least for mode 2 out of coverage) determine whether a SLRB is established to support new flow(s) on SL.   

Proposal 7:
UE measurements of at least CBR are used to determine whether to establish a SLRB in mode 2.  

Proposal 8:
SL RRM measurements performed by a UE can be reported to the NW only.

Proposal 9:
To support unicast, SL RRM measurements should include at least CBR.

Proposal 10:
AS layer can report failure of one or more QoS flows to upper layers.
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