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1. Introduction
NR V2X will be designed to target the new advanced use case groups including vehicle platooning, extended sensors, and advanced driving and remote driving, each of which has its own set of QoS requirements. The NR WID on NR V2X was approved during the RAN#83 meeting and revised in RAN#84 [1] and the following objectives with respect to QoS were included:
4.1	Objective of SI or Core part WI or Testing part WI
· Congestion control [RAN1, RAN2]. 
· Specify support for QoS management [RAN2, RAN3, RAN1]





In the previous RAN1#98 meeting, the following agreements were made with respect to QoS management [2] based on the feature lead summary [3]:
· For PSCCH/PSSCH multiplexing option 3, one CBR measurement over a resource pool is defined. 
· PSFCH resources, if (pre)configured, are excluded from this CBR measurement.
In the previous RAN#85 meeting, the following RAN1 open issue was identified in the 5G V2X with NR sidelink “Status Report to TSG” [4]:
Open issues in “support for QoS management” include
· Use of the priority information in the physical layer operation other than sensing (if any)

This contribution discusses the QoS aspects with focus on resource allocation and congestion control.
2. QoS-based Resource Preemption and Prioritization
Several of the use cases for advanced V2X services defined for NR V2X [1] demand strict latency, reliability and data rates, which are mapped to different PQI values [5]. To fulfill these requirements, resource allocation mechanisms should consider the QoS characteristics derived from the PQI values as defined in [5]. 
In previous releases, resource allocation for direct communication considered QoS parameters. For example, ProSe sidelink in Rel-12 supported resource segregation based on QoS using priority-based resource pool selection [6]. In LTE V2X, the scheduling is based on PPPP considering priority and latency, and PPPR considering reliability. These parameters provide means to prioritize resources and increase the reliability for broadcast communication, e.g. by triggering packet duplication on the PDCP layer.  
As per TS 23.287 [5], a unified per-flow QoS framework is agreed for broadcast, groupcast and unicast communications. In addition, TS 23.287 [5] defines the mapping of QoS characteristics to PC5 5QI (PQI) for V2X services.  This implies for NR V2X that prioritization based on PQI should be used to fulfill the strict NR latency and reliability requirements. Therefore, QoS characteristics should be utilized by the UE to prioritize high QoS transmissions by either preferring resource selection within a resource pool or by reservation of one or multiple resource pools for high QoS transmissions. As QoS characteristics, e.g. priority, packet error rate, resource type (i.e. GBR or Non-GBR) should be considered.
For example, on exceeding a CBR threshold, lower priority transmissions may be blocked from accessing (pre)-defined resources in one of the next subframes, e.g. to give preference to higher QoS transmissions. This flexible and configurable approach could ensure both, an efficient resource allocation strategy and meeting the latency and reliability requirements. 
[bookmark: _Toc21362476]An adaptive selection of either resources within a resource pool or specific resource pool(s) based on QoS characteristics considering the CBR should be supported.
In addition, also preemption allows prioritizing transmissions with strict latency requirements over data packets with lower priority. This is achieved by temporarily interrupting the use of a given resource for a lower priority transmission to allow data traffic of higher QoS from another UE to use this resource.
[bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21362479]Preemption of sidelink resources based on QoS should be supported.

3. QoS-based Congestion Control
Congestion control was initially introduced in LTE V2X in order to maintain the system performance in high density scenarios. The Channel Busy Ratio (CBR) was agreed in RAN1#96bis, as the first metric to derive the traffic load [4], which can be measured by UEs and used in the congestion control mechanism. In RAN1#97, it was further agreed that higher-layer reporting of CBR to the gNB is supported for RRC_CONNECTED UEs.
In addition, LTE V2X sidelink congestion control was agreed in RAN1#97 as the starting point for defining NR sidelink congestion control. To meet the demanding NR V2X QoS requirements also during high load and overload scenarios, further enhancements of the existing congestion control mechanism for NR V2X are required.
Generally, congestion control can be performed by the gNB in a centralized manner, i.e. Mode 1, or by UEs in a decentralized manner, i.e. Mode 2. A QoS-based decentralized congestion control can be performed by one of the following approaches:
· The QoS priority is used to prioritize and select different resource pools with different congestion levels using, e.g., an enhanced CBR for NR or the channel occupancy ratio (CR) metric. 
· Once transmission starts, the congestion resolution mechanism monitors the congestion thresholds to perform adaptive transmission, i.e. controlling transmission rate/period, power, or considering the minimum communication range or using preemption.

[bookmark: _Toc16506316][bookmark: _Toc16506384][bookmark: _Toc16516523][bookmark: _Toc16516546][bookmark: _Toc16516642][bookmark: _Toc16531751][bookmark: _Toc16583968][bookmark: _Toc21338520][bookmark: _Toc21338828][bookmark: _Toc21361260]The existing LTE V2X congestion control mechanism needs to be enhanced to meet the demanding NR V2X QoS requirements.

Congestion Control Mechanism
Both QoS and congestion control are higher layer procedures but do have implications on the physical layer. Depending on the congestion level the QoS levels required by the UE may not to be satisfied. Hence, the algorithm of the congestion control should be adapted according to the different QoS characteristics. The QoS attributes that need to be taken into account for the congestion control mechanism should include at least priority, latency and reliability and the minimum communication range.  
[bookmark: _Toc21362375][bookmark: _Toc21362480]Congestion control based on QoS parameters should be supported for NR-V2X.
[bookmark: _Toc21362213][bookmark: _Toc21362377][bookmark: _Toc21362214][bookmark: _Toc21362378]
 QoS-based Congestion Sensing Window
In LTE-V2X, CBR and CR are measured over a fixed sensing window size, i.e. 1000ms. In NR the size of the sensing window should be flexible enough to support the services with different QoS requirements. One way to reduce the impact of congestion, especially for high QoS demanding services, is to adapt the size of the sensing window as a function of QoS parameters. For example, in case of high priority transmission, the sensing window size can be reduced, which also reduces the latency. In this case, the shorter averaging window allows more granularities and, thereby, allows faster congestion resolution.
[bookmark: _GoBack]Apart from the CBR, the CR is an important metric in the congestion control mechanism. In LTE, channel usage of a UE is measured by the CR. The CR measurement window is also fixed in LTE to 1000 ms. The fixed measurement window was optimal in LTE, when the traffic was mostly periodic. Now, in NR as there is aperiodic traffic along with the periodic traffic, a fixed CR measurement window might not be optimal. Hence, the UE should have the possibility to adjust the CR measurement window size e.g. based on priority or the type of traffic. 
[bookmark: _Toc21362216][bookmark: _Toc21362380][bookmark: _Toc21362481][bookmark: _Toc21362217][bookmark: _Toc21362381][bookmark: _Toc21362482][bookmark: _Toc21362483]For CBR measurements the size of the sensing window should be adapted as per the QoS level.
[bookmark: _Toc21362484]The UE should be able to adapt the CR measurement window size based on the type of traffic which could be influenced by the QoS.


4. [bookmark: _Toc6999909][bookmark: _Toc7003377][bookmark: _Toc6999910][bookmark: _Toc7003378][bookmark: _Toc7003407][bookmark: _Toc7003411][bookmark: _Toc6999911][bookmark: _Toc7003413]Conclusions
In this contribution the following observations and proposals have been made:
Observation 1:	The existing LTE V2X congestion control mechanism needs to be enhanced to meet the demanding NR V2X QoS requirements.

Proposal 1:	An adaptive selection of either resources within a resource pool or specific resource pool(s) based on QoS characteristics considering the CBR should be supported.
Proposal 2:	Preemption of sidelink resources based on QoS should be supported.
Proposal 3:	Congestion control based on QoS parameters should be supported for NR-V2X.
Proposal 4:	For CBR measurements the size of the sensing window should be adapted as per the QoS level.
Proposal 5:	The UE should be able to adapt the CR measurement window size based on the type of traffic which could be influenced by the QoS.
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