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Introduction
One important goal of the Study Item (SI) [1] is to address aspects and requirements related to Quality of Service (QoS) Management for NR V2X:
	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


In RAN1#94b, the following agreement was made within the QoS Management agenda item:

	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 the last meeting of the 5G Automotive Association (5GAA), the Working Group System Architecture and Solution Development (5GAA Working Group 2) continued discussing enhancements required to support Predictive QoS [2], and its importance in several use-cases of interests for the Automotive Industry. This vision is acknowledged and captured by SA1 in [3] as follows:

	5.26.2.2 Potential requirements:
…
· [PR.5.26.2-002]
The 3GPP system shall be able to provide V2X applications with updated QoS, from the multiple QoS previously provided by the application, when the QoS changes.

· [PR.5.26.2-003]
The 3GPP system shall be able to additionally provide V2X application with prediction on how long the QoS will be maintained, when the 3GPP system provides the V2X applications with supported QoS information.

· [PR.5.26.2-004]
The 3GPP system shall be able to additionally provide V2X applications with prediction on geographical area where the QoS will be maintained, when the 3GPP system provides the V2X application with supported QoS information.


This contribution provides our view about this important feature and discuss how and why it should be considered by RAN1 within the QoS Management agenda item. 
QoS Prediction
Advanced V2X use cases envisioned by the automotive industry span a wide range of scenarios and applications including safety and security, infotainment, diagnostics, navigation, autonomous/remote driving, etc. The requirements defined for these applications [4] are challenging and diverse in terms of data rates, latency, reliability, and minimum communication range, among others. To cope with this variety of services, the 3GPP introduced a new QoS model for New Radio (NR), based on QoS Flows [5-6], which allows better QoS differentiation due to its finer granularity, i.e., up to 21 different 5G QoS Indicators (5QIs: QoS classes) have been defined. This new QoS framework is a solid starting point to support V2X applications. However, to go one step further, the Working Group 2 (WG2) of the 5GAA initiated the work on “Predictable QoS and End-to-end Network Slicing for Automotive Use Cases”. This initiative aims at providing guidelines and recommendations towards a more proactive 5G system, from the automotive application-support point of view. Thus, QoS prediction will enrich the existing QoS management framework, which already comprises from physical to application layer, and considers service requirements, network conditions, and device capabilities. The QoS prediction framework is referred to as NESQO within 5GAA.
The QoS prediction framework is composed of three main functionalities: data collection, making predictions, and delivering predictions. While making predictions is most likely up to implementation, data collection and delivery of predictions imply a certain standardization effort, in our view. 
In NESQO, different types of data/measurements (e.g., vehicle information, network conditions, road traffic information, etc) flow from Application Functions (APs) to Prediction Functions (PFs), which deliver different types of QoS Prediction Notifications (QPNs) to the corresponding V2X application. Thus, QoS Flows subscribed to NESQO receive indications of QoS degradations, and proper actions can be taken. Interested readers can find a complete description of NESQO in [2].
Within the 5GAA, several approaches to QoS are being investigated, some of which employ data from network monitoring tools for predicting radio conditions of a UE at a precise time and location. Indeed, Mobile Network Operators (MNOs) can use Minimization of Drive Tests (MDT) [7] to crowd-source network measurements. Representative use cases can be found in [8-9], which are briefly described here:

· QoS-Oriented Routing: The scenario described in [8] proposed to select the navigation route (among several options) based on their expected QoS to guarantee the proper provision of V2X services. Hence, a potentially large spatial domain (perhaps going through different MNOs) in relatively long-time scales (from tens of seconds to minutes) need to be considered. Well known traffic patterns could also be considered. 
· Prediction of Sidelink QoS: Some V2X safety features will rely on sidelink communication, and hence, it is important to be able to estimate the achievable sidelink QoS. As indicated in [9], prediction of sidelink QoS can be used in several procedures, such as admission control, and will enable both users and network to take proactive measures before service degradation/failure. Thus, we also see sidelink QoS prediction as a relevant feature for safety applications (confined) in small spatial domains (e.g., intersections, merging lanes) in relatively short-time scales (e.g., from milliseconds to seconds).
These representative use case descriptions envision that QoS prediction spans both microscopic and macroscopic scenarios with different requirements and input variables, which could be very different in nature. The QoS management framework that is to be defined for NR V2X, both for the Uu interface and for the sidelink, should take these aspects into account.    

Thus, we believe that, as uni-, group-, and broadcast will be supported by NR sidelink, RAN1 (and RAN2) should pay attention to the provision of relevant information reflecting sidelink conditions and other QoS-affecting variables, e.g., Channel Quality Indicators (CQIs), Reference Signal Received Power/Quality (RSRP and RSRQ, respectively), path loss, interference conditions, vehicle speed, etc. In this context, two important aspects should be considered: 1) the ability to identify events or patterns leading to QoS degradations, and 2) the need for evaluating the mapping of use cases (and their QoS requirements) onto 5QIs as initial step towards QoS prediction capabilities. Hence, it is essential to study the feasibility of the current QoS framework from the QoS prediction perspective, i.e., whether other QoS attributes are required to properly support NR V2X QoS prediction, such as synchronization quality, location accuracy, congestion levels, etc.  

Proposal 1: QoS prediction capabilities should be considered when defining the QoS management framework for NR V2X. This task should involve RAN1, RAN2, and SA2.
Physical Layer Aspects 

The QoS management for NR V2X framework must cover two main cases:

1. the NR Uu interface, and

2. the NR sidelink.

One fundamental difference between NR Uu and NR sidelink communication is that the later implies communications between vehicular UEs (i.e., communications between peers), whereas in the former, one network node participates. Besides the degree of mobility, channel characteristics, and coverage could also be different. From the use case definition point of view, one important characteristic is the type of communication that is intended: unicast, groupcast, or broadcast. As mentioned, NR sidelink will support all of them. It should be noted that while QoS requirements from application’s point of view could be considered transparent to the type of communication, the implementation of the QoS support is not. Hence, we see the type of communication as the main criterion to be considered when defining the QoS management framework for NR V2X, and naturally, differentiation from QoS enforcement perspective is required, e.g., either bearer- or packet-level QoS.
Proposal 2: For NR V2X, the QoS enforcement method must be based on the intended type of communication (unicast, groupcast, or broadcast). 

Another fundamental issue is how to characterize the required QoS level. Requirements defined in [3] for V2X services include payload, transmission rate, maximum end-to-end latency, reliability, data rate, and minimum required communication range. As indicated in [10], there is no QoS parameter/attribute directly representing neither transmission rate nor communication rate. The impact of this limitation has not been clarified and no agreement or consensus has been reached so far in this regard. In our view, existing QoS management framework based on 5QIs is a natural starting point, however, RAN1 should identify which physical layer mechanisms would provide the support for each QoS attribute and how the requirements without direct QoS attribute mapping will be met. For instance, priority levels can be supported by packet prioritization, latency requirements could be achieved using fast-scheduling schemes, grant-free schemes and proper time frame structures, and reliability could be enabled by repetition schemes, link adaptation, diversity schemes, etc.
Proposal 3: For NR V2X, RAN1 must identify the mechanisms by which the different service Key Performance Indicators (KPIs) will be guaranteed. 

Proposal 4: For NR V2X, enhancements (if needed/agreed to support QoS prediction) with respect to the existing NR QoS management are RAN2/SA2 scope.


[image: image1]
Figure 1. Information exchange in QoS prediction scenarios.

Figure 1 shows a simplified representation of possible QoS prediction scenarios. As it can be inferred, diverse possibilities could be considered from different points of view. From the QoS prediction perspective, it is worth to study what additional variables or measurements, characterizing Uu as well as PC5 interface, respectively, could be provided by the physical layer to higher layers. In our view, this discussion has, at least, two interesting angles:

1. What kind of information would be considered sensitive, for instance, from MNO’s point of view, so that it is not exposed outside the MNO domain, and hence, not addressed by RAN1, RAN2, etc.? 

2. Which additional variables or measurements would be required to support QoS prediction. For instance, synchronization quality, CSI metrics (e.g., RSRP, RSRQ, pathloss, interference), vehicle speed, positioning, channel congestion metrics, such as Channel Busy Ratio (CBR), etc.? 
Proposal 5: Service KPI measurements (at least, latency, range, reliability, priority, positioning, speed) and related physical layer procedures (access schemes, congestion control, power control, resource allocation) should be available and used for NR V2X QoS prediction. 
Summary 

In this contribution we have provided our view regarding the QoS prediction feature and the role of different working groups. Therefore, we kindly ask the NR V2X study group to take the following proposals into account:
Proposal 1: QoS prediction capabilities should be considered when defining the QoS management framework for NR V2X. This task should involve RAN1, RAN2, and SA2.

Proposal 2: For NR V2X, the QoS enforcement method must be based on the intended type of communication (unicast, groupcast, or broadcast). 

Proposal 3: For NR V2X, RAN1 must identify the mechanisms by which the different service Key Performance Indicators (KPIs) will be guaranteed. 

Proposal 4: For NR V2X, enhancements (if needed/agreed to support QoS prediction) with respect to the existing NR QoS management are RAN2/SA2 scope.

Proposal 5: Service KPIs (at least latency, range, reliability, priority, positioning, speed) and related physical layer procedures (at least access schemes, congestion control, power control, resource allocation) should be considered and used for NR V2X QoS prediction. 
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