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1 Introduction
In the new SI on NR V2X, one of the objectives for sidelink design was to study QoS management of the radio interface based on inputs from SA2 [1].  
RAN1 has already discussed QoS aspects and impacts to RAN1 procedures, and have made the following agreements:

 [image: image1.emf]RAN1 studies further how to use       priority,       latency,      reliability,      minimum required communication range (as defined by higher layers) if agreed to use   in the physical layer aspects of at least       resource allocation and       congestion control and       resolution of in - device coexistence issues and       power control  


In this contribution we discuss the latest discussions on QoS in SA2, and discuss what potential impacts to RAN2 may arise from these discussions.
2 Handling QoS Requirements in NR V2X 
2.1 SA2 QoS Model for NR V2X

In LTE V2X, separate QoS models are used for Uu and PC5.  For Uu, the same QoS model as normal Uu communication is used to support V2X communications.  For PC5, QoS is achieved by assigning a PPPP and PPPR to each packet. The PPPP is included in the SCI to allow prioritization in sensing-based resource selection.

At SA2 meeting SA2 #128, a unified QoS model for Uu and PC5 based on the framework of 5QI was discussed for NR V2X[2].  At SA2 #129, further details for the groupcast case were also discussed and approved [5]. 
In the NR 5QI model, data with different QoS characteristics of priority, delay, error rate, and maximum data burst volume (MDBV) are mapped one-to-one to an identifier (the 5QI).  The AS performs flow handling based on the 5QI and associated profile (if the 5QI is value is non-standardized). In V2X, the 5QI is renamed VQI and accounts for the QoS parameters related to V2X.  For V2X over Uu or PC5, VQI represents reliability, latency, priority, and data rate.  In addition, for PC5 only, minimum communication range is also included into the VQI.

In the case of PC5, SA2 also discussed that handling of QoS may depend on whether communication is unicast, groupcast or broadcast. For unicast, VQI can be mapped to a sidelink radio bearer or equivalent, while for groupcast and broadcast, the VQI (5QI and range parameter) can be provided with each packet to be transmitted (similar to how PPPP/PPPR were provided per packet in LTE PC5 V2X).  

We think the above model for PC5 QoS discussed in SA2 should be a baseline for RAN2 discussions in the SI.

Proposal 1:
RAN2 assumes the QoS information provided to AS layer consists of a VQI (V2X specific 5QI value and range parameter). 

Proposal 2:
RAN2 assumes VQI is provided per packet for groupcast, broadcast transmissions, and is associated with a QoS flow for unicast. 

2.2 Support of PC5 QoS Requirements in Broadcast and Groupcast
In the broadcast and groupcast cases, the UE receives a VQI with each packet which described the QoS requirements of that packet.  Compared to LTE V2X, NR V2X requirements are more stringent and may require additional handling by the AS layer for QoS management.  Multiple parameters may be derived from the VQI and used by AS layers to support the additional requirements for NR V2X described in [3].  As in the case of 5QI, standardized or non-standarized mappings may be defined. For standardized VQI values, SA2 specifications will directly define the mapping of 5QI values to each QoS parameters.  If SA2 decides to define non-standardized VQI values, the QoS profile will also need to be provided to the AS to further perform this translation.    
Proposal 3:
The AS derives the specific values of communication range, reliability, priority, latency, and rate from the VQI based on standardized mapping in SA2. 

For NW scheduled transmissions in LTE V2X, QoS was supported by the network and the UE provided the buffer status associated with each PPPP and PPPR in the BSR (implicitly with the logical channel group).  Representing all of the QoS parameters and their ranges with only LCG in BSR may be challenging, even with 8 LCGs for NR.  If 8 LCGs are enough to represent all of the VQIs and the different NW treatment of them, the UE may be configured with a mapping between LCG and VQI, and would report QoS information directly using the buffer status associated with each LCG.  If the network has access to the QoS profile associated with a VQI, it can schedule the UE to meet the corresponding QoS requirements.  In addition to the QoS requirements, the network may require knowledge of whether data to be transmitted by the UE is unicast/groupcast or broadcast.  Similar to QoS, if this information is required for scheduling, it can be indicated in the BSR reports.
Proposal 4:
RAN2 studies what QoS information to be reported to to the network to support mode 1.  

In LTE V2X, autonomous resource selection (mode 4) was based on PPPP and PPPR only.  NR V2X may instead need to consider all of the QoS requirements (range, reliability, priority, latency, and rate) independantly in the resource selection algorithm.  This is however being discussed in more detail by RAN1.
Priority and Latency
RAN1 has already agreed on support of priority, latency, and reliability and is currently studying how to use it in aspects related to resource allocation, congestion control, in-device coexistience, and power control.  

In LTE, PPPP is also used to reflect the delay budget for a transmission.  The application layer is configured with a mapping of PPPP to packet delay budget (PDB), and the UE uses this mapping to select an appropriate value of T2 during the resource selection algorithm.  Given the larger range of requirements for NR V2X, it is possible that a direct relationship between PPPP and PDB does not exist, and instead, resource selection and other functions that depend on latency need to be controlled independently of the priority.  

Observation 1:
Mode 2 in NR can be designed to achieve the maximum delay budget for a packet based on latency associated with the VQI

Resource selection in LTE was based on the premise that resources were considered as occupied depending on the received PSSCH RSRP of SCI reserving resources.  If a UE did not find sufficient resources to perform resource selection, it would decrease the threshold and repeat the selection, resulting in transmissions with additional interference.
NR, on the other hand, has more strict requirements for reliability which may make such a rule in the case of a congested pool unacceptable.  Instead, a better approach would be to allow for pre-emption of reserved resources based on priority. Depending on the resource selection algorithm, PDB may also be relevant in this decision.  For instance, the decision to send pre-emption may be based on the delay budget of the transmission as well as its relative priority with the other transmission.  Preemption can be performed during the resource selection algorithm (e.g. a high priority UE transmits an explicit pre-emption signal to a low priority UE) or as part of the overall congestion control mechanism (e.g. a low priority UE pre-empts itself to free resources for a high priority UE if it determines a high priority pool is congested).  If performed in relation to congestion control, RAN2 needs to further discuss the design.
Proposal 5:
NR V2X supports pre-emption based on priority and/or maximum delay budget for a packet. 
Data Rate

Contrary to LTE V2X, NR V2X use cases have explicit requirements for data rate [3]. For example, NR requires the support of up to 65Mbps to support automated driving. The support of advanced use cases will result in UEs with varying rate requirements sharing the SL resources.  Support for varying data rate services can be achieved by enabling/disabling multicarrier transmissions, for instance.  Resource selection may also take data rate into account in order to efficiently multiplex UEs with different rate requirements on sidelink.  We think such a rate requirement should be considered by RAN1 in their studies as well.
Minimum Communication Range

In LTE, the communication range requirement is common to all use cases.  Specifically, LTE V2X needs to support a communication range which allows for a response time of 4 seconds [4].  NR V2X advanced use cases have more stringent requirements for communication range and require different ranges depending on the use case.  Since SA2 has agreed to include communication range as a dimension in the VQI for PC5, it can be expected that the required range for a transmission will depend on the VQI attached to a packet or QoS flow.  
RAN1 is already studying solutions to achieve certain different levels of target reliability.  While similar solutions can be used to achieve different communication range, such solutions need to be aware of reliability and range requirements separately, since they will be independent parameters.  In other words, a broadcast transmission will need to meet a certain reliability requirement at a given minimum communication range, and the technique used (e.g. variation of MCS, transmit power) will depend on both parameters.    

Observation 2:
Both reliability level and range are needed to determine the solution to achieve a target reliability level at a given minimum distance.

Based on the above analysis, RAN2 should consider each of the parameters derived from VQI separately.  Since these parameters have impacts to RAN1, and since RAN1 is waiting for further inputs from either SA2 or RAN2, RAN1 should also be informed.

Proposal 6:
Send LS to RAN1 to inform them that each of priority, latency, reliability, rate, and minimum communication range (each of which can take on a finite number of values based on VQI) can be provided with each transmission from upper layers.
2.3 Support of PC5 QoS Requirements in Unicast/Groupcast
The latest QoS model discussed on SA2 calls for using a similar flow-based QoS model for Unicast/groupcast communication on PC5 as is used for Uu.  In Uu, flows are mapped by the network to radio bearers.  SA2 further indicates that a unicast link can be modelled similar to a radio bearer from the AS layer.  To maintain consistency between Uu and PC5 models, the sidelink radio bearer concept can be developed by RAN2.  Depending on the work in RAN1 and RAN2, a SL radio bearer would need to be associated with a number of PHY/MAC layer parameters which control the QoS associated with that bearer:
· HARQ configuration; for example, maximum number of retransmissions, feedback resources, RTT, etc.

· Link quality/monitoring configuration; for example, CQI reporting rate/resources, reference signal configuration, RLM/RLF-like configuration

· Resource allocation configuration; for example, parameters defining the resource selection behaviour (such as LBT, allowable modes, etc.) allowance of pre-emption, etc.
As with Uu bearers, a SL radio bearer may be associated with flows having the same or related VQI, and the PHY/MAC layer for this bearer may then be configured to achieve the QoS requirements associated with those flows.
Proposal 7:
RAN2 develops the concept of a SL Radio Bearer to support QoS Requirements in Unicast.

As with Uu, for mode 1 sidelink transmission, the network controls 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, but this would be contrary to the essence of mode 2 which is to release the network from the burden of resource management.  Also, mode 2 out of coverage cannot rely on the network for bearer establishment decisions.
As with the case of Uu QoS, upper layers may need to be informed if QoS for a specific flow cannot be met. As a result, RAN2 needs to discuss procedures at the UE for determining this.  For instance, the UE can use measurements of CBR for this decision.  However, CBR does not give a long term view of the resource needs of the UEs using resources in the pool.  The UE can also usethe knowledge of the existing unicast/groupcast links that are currently sharing the same resources, and their QoS characteristics.  However, this would require UEs to broadcast link related information each time a radio bearer is established.  
Predicting whether a bearer can be established based on CBR and possibly other sensing and/or resource selection based metrics may avoid the need to broadcast this information.  The UE may use stored sensing results at the time of the bearer establishment decision (such as percentage of available resources) to predict whether the QoS can be met.  To simplify UE behaviour, the decision could rely on one or more resource selection algorithms performed at bearer establishment where the parameters are based on the QoS of the bearer to be established.
Proposal 8:
RAN2 further studies methods to predict whether a SL Radio Bearer can be established to support QoS for unicast/groupcast in mode 2. 
Where and how mapping from QoS flows to bearers is performed will also depend on the mode of operation.  In mode 1, since the NW is managing the resources and establishing the bearers, it should also perform the flow to bearer mapping.  For mode 2, the UE can perform this mapping based on the QoS profile provided by upper layers and possibly also some NW configuration or preconfiguration, if, for example, this mapping depends on the current sidelink resource usage.
Proposal 9:
Mapping of QoS flows to SL Radio Bearers is performed by the UE (in mode 2) or by the NW (in mode 1).  Details can be studied further.  
3 Conclusion

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

Observation 1:
Mode 2 in NR can be designed to achieve the maximum delay budget for a packet based on latency associated with the VQI

Observation 2:
Both reliability level and range are needed to determine the solution to achieve a target reliability level at a given minimum distance.

Based on these observations, the following conclusions were made:

Proposal 1:
RAN2 assumes the QoS information provided to AS layer consists of a VQI (V2X specific 5QI value and range parameter). 

Proposal 2:
RAN2 assumes VQI is provided per packet for groupcast, broadcast transmissions, and is associated with a QoS flow for unicast. 

Proposal 3:
The AS derives the specific values of communication range, reliability, priority, latency, and rate from the VQI based on standardized mapping in SA2. 

Proposal 4:
RAN2 studies what QoS information to be reported to to the network to support mode 1.  

Proposal 5:
NR V2X supports pre-emption based on priority and/or maximum delay budget for a packet. 

Proposal 6:
Send LS to RAN1 to inform them that each of priority, latency, reliability, rate, and minimum communication range (each of which can take on a finite number of values based on VQI) can be provided with each transmission from upper layers.
Proposal 7:
RAN2 develops the concept of a SL Radio Bearer to support QoS Requirements in Unicast.

Proposal 8:
RAN2 further studies methods to predict whether a SL Radio Bearer can be established to support QoS for unicast/groupcast in mode 2. 
Proposal 9:
Mapping of QoS flows to SL Radio Bearers is performed by the UE (in mode 2) or by the NW (in mode 1).  Details can be studied further.  
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