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1 Introduction

V2X communication covers a diversified set of services from multimedia to safety related applications. To enable these services to function at an expected level, QoS handling has been defined for V2X communications in TS 23.285 [1] mainly focusing on latency, reliability and priority. 
At RAN#80, a new SI for NR V2X was approved [2]. Objective 5 of the NR V2X SI is related to QoS Management:

In this contribution, we discuss considerations and proposals with respect to objective 5: QoS Management.
2 Discussion on QoS Management

In LTE-V2X Rel-15, the QoS management was considered for V2X on a per packet basis, solely depending on two parameters: the ProSe per Packet Priority (PPPP) and the ProSe per packet reliability (PPPR) [1, 3]. Both parameters have a value range from 1 to 8 (highest to lowest priority/reliability) and are used for different mechanisms including resource allocation, prioritization and packet duplication. It was agreed to consider the PPPP and (optionally) the PPPR for prioritizing component carrier selection. 
Differently in NR, the QoS model is based on different QoS Flows, which are identified by the QoS Flow ID (QFI) and the 5G QoS Identifier (5QI) values [4]. The QoS Flow may either support guaranteed flow bit rate (GBR QoS Flows) or non-guaranteed bit rate (non-GBR) [5], i.e., depending on its particular QoS profile. The QoS profile of each QoS Flow contains different QoS parameters, e.g., the 5QI value. In Table 5.7.4-1 in [4], different 5QI values are mapped to QoS characteristics, e.g., packet delay budget (PDB), packet error rate, and resource type. V2X service messages are listed for three different 5QI mapping values, while Intelligent Transport Systems (ITS) are mentioned for two mapping values in the aforementioned table. Some of these services are GBR and delay critical GBR; other services are declared as non-GBR QoS flow. 
For NR V2X, four different advanced V2X use case groups are defined in [6] with diverse requirements in [7]. Some of these use cases demand strict low latency and / or high reliability (for safety-critical situations), while others may demand high data rates. These parameters, which are specific to the new use cases, provide inputs for the defined QoS flows, which should be studied as a design aspect for enhancing NR Uu interface for V2X and sidelink.

Observation 1: QoS flows that have already been defined based on resource type, latency and reliability metrics for V2X use cases will have an impact on NR sidelink design.
The described QoS management in NR is identified by the 5QI value and the Allocation and Retention Priority (ARP) as upper layer quality indicators, i.e., set by the core network to the RAN. ARP defines the priority level for the allocation and reallocation of resources of a certain service. This metric has also been carried forward from LTE into NR. 
The impact of these QoS indicators should be further studied when designing the new NR sidelink. They could be considered for enhancing scheduling design and data prioritization (for both autonomous and network-controlled modes). Furthermore, they should be considered for handling different link-level functionalities, e.g., HARQ and retransmission mechanisms.

Additionally, the agreed upon advanced use cases may be required to guarantee low latency within a specified packet delay budget (PDB). The PDB guarantees a minimum latency for delay critical services (including ultra-reliable and low latency communication (URLLC) services class) with a confidence level from the network side equal to 98% [4]. Any packet exceeding the PDB is considered as an error for a delay critical GBR QoS flow. Therefore, RAN1 should consider mandating low latency and reliability metrics within the latency bound, so as to enable the proper functioning of delay critical and high priority services.

Proposal 1: RAN1 should investigate the 5G QoS characteristics for NR V2X, e.g., packet delay budget, resource type, and priority level, to design autonomous and network-controlled resource allocation mechanisms accordingly.
In NR URLLC, different mechanisms have been considered while designing Uu enhancements for both UL and DL. Latency was first mandated in Rel. 15 NR NSA, where both DL puncturing and UL preconfigured resources with grant-free transmission mechanisms are supported [8]. Later, in the SA phase, more reliability metrics and target BLER values have been considered while designing the new modulation coding scheme (MCS) tables. The target BLER and latency metrics have also been efficiently mapped to the 5QI QoS metrics efficiently. 

RAN1 should consider similar approaches for the NR V2X sidelink design. In addition, the above 5QI metrics, e.g., PDB and BLER, should be considered as a baseline for the analysis of the NR sidelink numerology and its physical layer procedures. Therefore, we propose that RAN1 should consider using the BLER and latency targets to evaluate the different advanced V2X use cases.

Proposal 2: Different target delays and BLER need to be considered while designing NR sidelink physical layer structures and procedures to support various 5QI values.
Additionally, coexistence between different 5QI values for different services, i.e., supporting different latencies and reliabilities, should be considered as well. An analysis similar to the NR eMBB and URLLC coexistence approach may be considered with different dynamics and constraints due to the nature of sidelink communications. This can be taken as a guideline for designing V2X resource allocation mechanisms and sidelink resource pools, e.g., considering intra-UE and inter-UE service coexistence with different 5QI values. Whether existing NR mechanisms, e.g., puncturing scheduled and pre-configured resources, could be reused in this study item is for further study and evaluation. 

Proposal 3: Resource sharing and coexistence among different QoS flows with different 5QI values should be considered while designing sidelink resource pools and resource allocation mechanisms for NR.
The addition of advanced V2X use cases poses a new challenge to the network in terms of not only being able to provide the required QoS to certain application services, but also to adapt to changing network conditions, as described in [5]. The new use cases define certain critical applications that enable high levels of automation, especially applications that transmit messages of high priority and demand high reliability. In the event where resources are operating at high occupancy, the gNB, in the case of mode 3-like configuration, or the UE, in the case of mode 4-like configuration, will not be able to provide the expected QoS requirements of a given application.

The concern is that these applications will not be able to function as expected in such a scenario, affecting the performance of the required service. Hence, we propose that RAN1 studies a mechanism where the gNB sends an update to the UE about the deteriorated, or conversely, improved, network conditions and subsequently the application service are made aware that the requested QoS requirements cannot be met or can be increased. This allows the application service to adjust its functioning or level of automation accordingly.
Proposal 4: RAN1 should study the possibility of supporting a QoS feedback mechanism between the UE and its corresponding application service and the gNB, enabling the application service to adapt itself accordingly.
3 Conclusions

In this contribution the following observations and proposals have been made:
Observation 1: QoS flows that have already been defined based on resource type, latency and reliability metrics for V2X use cases will have an impact on NR sidelink design.
Proposal 1: RAN1 should investigate the 5G QoS characteristics for NR V2X, e.g., packet delay budget, resource type, and priority level, to design autonomous and network-controlled resource allocation mechanisms accordingly.
Proposal 2: Different target delays and BLER need to be considered while designing NR sidelink physical layer structures and procedures to support various 5QI values.
Proposal 3: Resource sharing and coexistence among different QoS flows with different 5QI values should be considered while designing sidelink resource pools and resource allocation mechanisms for NR.

Proposal 4: RAN1 should study the possibility of supporting a QoS feedback mechanism between the UE and its corresponding application service and the gNB, enabling the application service to adapt itself accordingly.
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5. QoS management [RAN1, RAN2]:


Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2









