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Abstract: this contribution proposes a new solution to Key Issue #15 “Enhancements to assist Application Adjustment” included in TR23.786 v0.8.0.
1. Introduction
TR23.786 v0.8.0 includes Key Issue #15 “Enhancements to assist Application Adjustment” which aims at enhancing 5GS to enable early notification to eV2X applications about potential change in the delivered QoS. The notification could allow eV2X application dynamic configuration adjustment.
This key issue requires the following points to be addressed:

-
what information is required as input to enable the assessment of a potential change in QoS in given areas by the 5GS;

-
how the 5GS may determine that a notification about potential change in delivered QoS is necessary;

-
how the 5GS may communicate such information to the application in the AF and/or the UE.
This contribution discusses the aspects above and proposes new solution to the key issue. 
2. Discussion

First Point: what information is required as input to enable the assessment of a potential change in QoS in given areas by the 5GS.
To address the first point it needs to be clarified which 5GS QoS KPIs are significant to eV2X applications, for which the notification of a potential change may be useful. Different eV2X applications may be sensitive to different QoS KPIs, and a precise definition of the significant KPIs for each eV2X application is FFS. However, from coarse analysis of TS22.186 it may be assumed some eV2X applications will map to GBR 5QIs, while others will map to non-GBR 5QIs. For eV2X applications mapped to non-GBR 5QIs, available QoS KPI can be e.g. Average UL/DL Throughout per UE, while for eV2X applications mapped to GBR 5QIs, available QoS KPI can be e.g. RB Accessibility and RB Retainability (ref. TS.28.552). Statistics of QoS KPIs are collected per geographical area (i.e. per cell) by OAM system. To assess a potential change in QoS for a given UE within a time interval T, the following info would be necessary:
· The negotiated (i.e. expected) QoS KPIs;

· The expected position(s) of the UE in the time interval T (derived by vehicle route information);

· The QoS KPIs statistics corresponding to the position(s) the UE is expected to be in the time interval T, such statistics possibly enriched by context information and to be filtered according to UE current context information.
The negotiated QoS KPIs are available at 5GC NFs.
The expected position(s) of the UE may be available at eV2X application (e.g. vehicle route information at eV2X navigation system). The eV2X application (located either in the network or in the UE) can provide expected positions(s) of the UE to the 5GC and/or to the RAN. 
The QoS KPIs statistics are available at OAM systems.
Observation #1: the assessment of potential QoS changes needs to identify the sensitive (for eV2X applications) and available (at 5GS) QoS KPIs per each given eV2X application and requires as input 

a. The negotiated QoS KPIs, available at 5GS CP. 

b. The expected position(s) of the UE, which is (are) available at eV2X application (e.g. eV2X navigation system) and can be transferred directly to 5GC or indirectly via RAN.

c. The QoS KPIs statistics, available at OAM system.
Second Point: how the 5GS may determine that a notification about potential change in delivered QoS is necessary.
Different eV2X applications and different Level of Automation may have different robustness to sensitive QoS KPIs, e.g. some applications with high Level of Automation mapped to GBR 5QIs may not tolerate fluctuation of UL/DL bitrate, while applications with low Level of Automation may have more relaxed UL/DL bitrate requirements. A detailed analysis of this aspect is FFS, but it is assumed different eV2X applications would benefit from notification of potential QoS changes of different magnitude. The magnitude of the QoS KPIs changes to be notified, together with other notification characteristics, are set upon configuration parameters provided by eV2X applications.

Observation #2: characteristics of QoS potential changes notification are set at 5GS upon configuration parameters provided by eV2X applications, e.g. as far as concerning the magnitude of the changes to be notified as well as their timing.

Third Point: how the 5GS may communicate such information to the application in the AF and/or the UE. 
The QoS Potential Change Notification will be beneficial at eV2X application, located either in the UE, or in the network, or in both, depending on the eV2X service (e.g. platooning vs remote driving). 5GS should hence enable the QoS Potential Change Notification both to the UE and to AF. The content and format of the notification are FFS, and should be defined to allow both effective eV2X application adjustments at the UE and/or at AF, as well as restrictions in 5GS information exposure to 3rd parties as per network operators’ requirements.

Observation #3: 5GS should enable QoS potential change notification both to the UE and to AF. The content and format of the notification should be defined to allow effective eV2X application adjustments, as well as restrictions in 5GS information exposure to 3rd parties.
In the following, a high level solution complying to observations #1, #2 and #3 is proposed.
3. Proposal

It is proposed to add the following changes to TR 23.786.
BEGINNING OF CHANGES
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Solutions
Editor's note:
This clause is intended to document the agreed architecture solutions. Each solution should clearly describe which of the key issues it covers and how.
6.X
Solution #X: Early notification for Dynamic Application Adjustment

6.X.1
Functional Description

This solution addresses Key Issue #15 (Enhancements to assist Application Adjustment) by enabling the 5GS to send early notifications about potential change in QoS to UE and/or AF for the expected position(s) of the UE in the future, allowing timely dynamic application adjustments, e.g. changes of Level of Automation. 

The solution includes four phases:

1. Request for notification about potential change in QoS: during this phase, the 5GS retrieves from the UE and/or the AF the configuration parameters needed to define the QoS KPIs of interests, the geographical location, the timing, and the triggering conditions for the notification about potential change in QoS.
2. QoS KPIs, external context and UE expected position(s) information collection: during this phase, the 5GS identifies the 5GS coordinates of the expected UE position(s) and collects the corresponding statistics information on the QoS KPIs of interests, possibly enriched by external context information and to be filtered according to UE current context information.
3. Decision about notification about potential change in QoS: during this phase, according to the configuration as per phase#1 and upon info collected as per phase#2, the 5GS verifies whether the triggering conditions for the notification about potential change in QoS are met and if so, the UE and/or AF is notified about potential change in QoS.
4. V2X application adjustment. Upon being notified about a potential change in QoS, the eV2X application may be adjusted at the UE and/or AF, e.g. changing the Level Of Automation.
6.X.2
Procedures
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Figure 6.X.2.1-1: Enhancements for Early QoS Potential Change Notification

0.a: The NWDAF collects from, e.g., OAM system the 5GS QoS KPIs information relevant for the notification about potential change (e.g., Average UL/DL Throughout per UE, RB Accessibility/Retainability, etc.). 

0.b.: The NWDAF may collect from the 3rd party AF external (i.e. non related to the 3GPP system) context information (e.g. weather condition statistics) to be correlated with 5GS QoS KPIs. The external context information is mapped to 5GS coordinates (e.g. to cell IDs) and correlated with the QoS KPIs information.

NOTE:
Steps 0.a and 0.b may be repeated whenever updated QoS KPIs and/or external context information is available.
1:
The PCF receives from the UE and/or AF a request for a notification about potential change in QoS containing information on:

-
expected future UE positions (geographic location and time). The PCF may receive this information directly from UE and/or AF (via NEF) as part of the request for notification, or may retrieve it from RAN (in case RAN is enabled to collect this path and time information from UE)

-
the QoS KPIs of interest; 

-
the threshold(s) of interest (per QoS KPI);
NOTE:  This solution assumes that the user consents to provide such information to the AF or 5GS for services requiring network notification about potential QoS changes.
Editor's note: Relevant QoS KPIs may depend upon the eV2X Application considered. Definition of the QoS KPIs for the notification about potential change is FFS and may be left to normative phase. 

Editor's note: Mechanisms specified in LTE specification TS 36.300 subclause 23.17.5 to request a UE to report flight path information may be reused if supported by NR.
2.
The PCF, assisted by other NFs (e.g., NEF, AMF, etc.), maps information on expected future UE positions retrieved by UE and/or AF onto 5GS coordinates (e.g. cell ID), to allow a mapping between collected QoS KPIs information and the expected future UE positions.

3.
The PCF interacts with NWDAF to retrieve the statistics of QoS KPIs information, relating to the expected UE position(s). Details for this step will follow description as per TR 23.791.

4.
The PCF determines if the eV2X application has to be notified about a potential change in QoS. The decision is determined upon the following input:

-
current and expected future UE positions, identified as per step 2;

-
statistics of QoS KPIs information, retrieved from NWDAF as per step 3;

-
QoS KPIs and threshold(s) of interest received from AF and/or UE as per step 1


The PCF checks whether the statistics of QoS KPIs information in any cell identified in step 2 is below any of the threshold(s) provided by the AF and/or UE for the time the UE is expected to be in the cell. For every cell identified in step 2, the lowest threshold that is crossed is relevant for the notification to the UE and/or the AF. 

5.
The PCF sends a response to the UE and/or the AF informing about the outcome of step 4, i.e. the threshold(s) crossed and the time when the potential change(s) in QoS may happen or that no threshold is crossed. 

6.
eV2X application adjustment may take place at UE and/or AF upon reception of the notification about potential change in QoS. 
6.X.3
Impact on existing entities

Editor's note:
Impact on existing entities is FFS. 
6.X.4
Conclusions

Editor's note:
Conclusions are FFS. 
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