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Abstract of the contribution: This discussion paper illustrates a V2X use case (tele-operated driving) where notifications about potential change in the pre-agreed QoS to applications is essential to ensure functional safety (following the comments received during SA2#130).
1. Introduction

The baseline 5GS already includes procedures for QoS management and policy control that expect reactive behaviour to deal with QoS degradations. Such reactive behaviour is good enough for most of legacy applications, but not for many vertical (e.g., V2X) industries. This is because dropping a session without any warning can question the functional safety of such a vertical application. As an example, in the case of Tele-Operated Driving (TOD) where a car is driven at 100 km/h by a remote driver who requires 4k video stream, dropping a session without any pre-warning can be disastrous. Hence, in order for 5GS to be really helpful to at least V2X applications, a pro-active behaviour should be supported. With such a proactive behaviour, based on in-advance notifications about potential QoS degradation, the V2X application can prepare by dynamically adjusting its configuration accordingly. Hence, it is possible to improve overall system reliability while enhancing safety of connected and automated applications. The objective of this paper is to demonstrate how important such a mechanism is at least from TOD perspectives.
2. Discussion
Managing QoS is one of the most critical and challenging aspects for connected and automated driving to be accepted in reality, as pre-agreed QoS KPIs such as throughput, latency, and packet delivery ratio might not be guaranteed all the times. Enabling notifications about potential QoS changes to vehicles connected via the 5G system presents a way to tackle the issues that could be caused by a QoS degradation.
2.1
Tele-Operated Driving

Tele-operated driving (TOD) enables operation of a vehicle by a remote driver [1].
As an example we consider a scenario where tele-operated driving includes the following operations:

a)
control commands between a car and a remote driver to handle car speed at 50 km/h 
b)
video stream from a car to a remote driver: 4K video feed from vehicle to the remote operator (preferable). If not feasible, HD1080 and HD 720 are also acceptable
c)
Car sensor data, i.e., from LiDAR technique that uses 6 vertical angles, 64 elements, 10 Hz horizontal rotation (the LiDAR technique is a surveying method that measures distance to a target by illuminating the target with pulsed laser light and measuring the reflected pulses with a sensor [1]). 
The above operations translate in the following QoS requirements [1]:

a)
the minimum data rate of 1 Mbps is required for control command exchanges. 

b)
The minimum data rate required to support 4K video is 8-14 Mbps, while for HD1080 and HD720 video it is 4-8 Mbps, and 1.2-4 Mbps, respectively [2].
c)
The minimum data rate required for the LiDAR technique sensor data is 35 Mbps. 
NOTE: UEs may pre-elaborate the sensor inputs and conveys to the remote driver a meaningful higher level view.
2.2
How is an in-advance notification about potential QoS degradation useful?

Based on the input from the AF (i.e., expected route of the car, QoS KPI thresholds), the 5GS checks the available statistics for the cells along the route of the car and informs about whether or not QoS KPI thresholds are crossed. The TOD application can react in the following ways: 
a)
In the cells where the GBR failure rate exceeds x% ( reduce speed to 30 km/h or switch to an alternative route.
In the cells where the GBR failure rate exceeds y% (y>x)  ( stop driving car
b)
In the cells where the GBR failure rate exceeds r% ( reduce video bitrate to 8 Mbps (i.e., switch to HD1080 (1920x1080) resolution); 
In the cells where the GBR failure rate exceeds s% (s > r) ( reduce video bitrate to 4 Mbps (i.e., switch to HD720 (1280x720) resolution).
c)
in cells where the non-GBR average throughput is expected to drop below 35 Mbps ( change LiDAR configuration settings (a number of vertical angles and elements, horizontal rotation frequency) or alternatively stop using the LiDAR based systems (it is assumed that LiDAR uses non-GBR bearer types). 
As seen from these examples, with the aid of in-advance notifications about potential QoS degradation, a V2X Application will be in a position to take important corrective actions so that it is better prepared in case a QoS degradation would finally occur. 
As it can be seen in Figure 2.2-1 below, for a car driving at 50 km/h, the stopping distance of around 25 m is required [3]. This means a car has to take corrective action at least 2-3 seconds in advance. In other words, when a car is driven at 50 km/h, an in-advance notification about a potential QoS degradation has to be delivered at least 2-3 seconds or 28-42 metres ahead of a point where the potential QoS degradation can occur. This again depends on local weather, traffic, road and vehicle conditions. Hence, the worst case distance or time in advance may be high. Assuming that the AF requests are occurring on a regular basis and with a frequency that is appropriate for the current speed, the 5GS should be always able to provide the in-advance notifications about potential QoS degradation for the cells that have not been reached by the car, yet. Consequently, the car can take the corrective actions before a potential QoS degradation can occur.
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Figure 2.2-1: Typical stopping distance for different speeds (see [3,4])
Observation 1: A support for providing in-advance notifications (proactive behaviour) about potential QoS degradation is essential for the TOD case.
3. Conclusion and proposal
With a help of TOD use case, this paper justifies the need to introduce pro-active behaviour to 5GS for the purpose of providing in-advance notifications about potential QoS degradation while making the following observation and a proposal.
Observation 1: A support for providing in-advance notifications (proactive behaviour) about potential QoS degradation is essential for the TOD case.
Proposal 1: SA2 is respectfully requested to seriously consider the benefit of introducing in-advance notifications about potential QoS degradation.
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