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1 Introduction

At RAN#80, a new SI for NR V2X was agreed [1].  The SI description includes, as one objective, the study of technical solutions for QoS management of the radio interface, including both Uu and PC5.  QoS management should be studied by both RAN1 and RAN2, based on inputs from SA2.

SA2 has already began discussing the QoS model for NR V2X.  This contribution discusses the potential impacts to RAN1 study based on the latest progress from SA2. 
2 RAN1 Impacts of QoS Management
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 agreed for NR V2X[2]  In the 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. 

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 will also be supported.

In the case of PC5, SA2 also agreed that handling of QoS depends on whether communication is unicast, multicast or broadcast. For unicast and multicast transmissions, VQI will be mapped to a sidelink radio bearer or equivalent (to be defined by RAN2), while for broadcast, the VQI will be provided with each packet to be transmitted (similar to how PPPP/PPPR were provided per packet in LTE PC5 V2X).  The PHY layer will likely require one or more QoS related parameters, however, it will be decided by RAN2 how to translate VQI and bearer characteristics into these QoS related parameters. 
Observation 1:
How to translate VQI and bearer information into parameters used by PHY will be determined by RAN2.
For Uu-based V2X, similar to LTE, the management of Uu QoS should not differ from normal Uu communications.  We therefore focus the rest of the contribution on PC5 QoS management.
2.2 Support for PC5 QoS in NR V2X
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].   

Priority & Latency
In LTE, prioritization for mode 3 transmissions is achieved by indicating the PPPP information in BSR to the network.  The PPPP is transmitted in the SCI and a mode 4 UE performing sensing will read the SCI and determine the available resources based on the PPPP transmitted by other UEs relative to the PPPP of its own transmission.  

For NR, prioritization for mode 3 will likely be managed in a similar fashion, and details will be discussed further in RAN2.  For mode 4, since at least the broadcast case will require the shared use of sidelink resources by multiple UEs (as in LTE), a similar prioritization between transmissions is required between UEs.  For this, we think that transmitting the prioritization information in the SCI can be a good baseline.   
Proposal 1:
NR V2X supports mode 4 transmission prioritization based on priority information in SCI.
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 PHY layer functions that depend on latency need to be controlled independently of the PPPP.  For the time being, it would be safe for RAN1 to assume such independent parameters until SA2 and RAN2 have further discussions.  As in LTE, management of delay characteristics can be achieved (for mode 4) by performing resource selection such that it achieves the maximum delay budget of a packet.  
Proposal 2:
NR V2X supports mode 4 resource selection based on maximum delay budget for a packet.
Reliability

In LTE, reliability is supported via packet duplication over two carriers.  This is sufficient to support the two levels of reliability required by LTE V2X use cases (i.e. support of 90% and 95% reliability for 100kmph) [4].  NR requirements introduce more granularity in the reliability targets compared to LTE (e.g. 95%, 99%, 99.99%, and 99.999%) [3].  To achieve multiple levels of reliability, carrier duplication may not be sufficient.  Specifically, a UE may have limited multi-carrier capability and may not be able to support duplication over many carriers.  In addition, duplication may be a less efficient way to achieve different levels of reliability.  Achieving different target error rates using variable retransmissions, variable coding rate, etc. may instead be further studied by RAN1.  
Proposal 3:
NR V2X supports mechanism(s) to achieve different target error rate depending on the QoS characteristics of the data to be transmitted.
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 SL bearer.  RAN1 should therefore study methods to support different communication ranges for data having different QoS characteristics. 
Proposal 4:
NR V2X supports methods to achieve different minimum communication range depending on the QoS characteristics of the data to be transmitted.
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.  In addition, the concept of BWP in NR can also be re-used for sidelink to allow high-rate UEs to have access to a larger number of subchannels compared to UEs with lower rate requirements.  Since it is expected that some UEs must reserve a significantly larger amount of resources compared to others, the impacts to resource selection, congestion control, and prioritization need to be considered.    
Proposal 5:
NR V2X supports methods to efficiently multiplex UEs with different data rate requirements on sidelink
3 Conclusion

In this contribution, the following observations were made related to QoS Management for NR V2X:

Observation 1:
How to translate VQI and bearer information into parameters used by PHY will be determined by RAN2.

Based on these observations, the following conclusions were made:
Proposal 1:
NR V2X supports mode 4 transmission prioritization based on priority information in SCI.

Proposal 2:
NR V2X supports mode 4 resource selection based on maximum delay budget for a packet.

Proposal 3:
NR V2X supports mechanism(s) to achieve different target error rate depending on the QoS characteristics of the data to be transmitted.
Proposal 4:
NR V2X supports methods to achieve different minimum communication range depending on the QoS characteristics of the data to be transmitted.
Proposal 5:
NR V2X supports methods to efficiently multiplex UEs with different data rate requirements on sidelink
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