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1. Introduction
3GPP TR 23.764 v0.4 focuses on the topic of supporting application adaptation. To this aim, key issue #2 considers the aspect of making available QoS information available at application layer, with particular focus on notifications introduced in 5GS on Potential QoS change procedure (see 3GPP TS 23.287) including QoS Sustainability Analytics exposed by NWDAF and extended notification control generated from NG-RAN and exposed by SMF/PCF. In particular, the principle of notification on QoS Sustainability Analytics in 3GPP TS 23.288 is to provide analytics/predictions to be used for adaptation of application behavior which could require a certain time to be triggered and completed (e.g., reduce speed or change trajectory if applied to a V2X application) and not for pure application layer adaptations such as video resolution change. In the remainder, we refer in general to QoS notifications.

The availability of QoS notifications to application layer makes possible the application adaptation. The aspect of application adaptation supported by QoS notifications, with regards to prediction notifications related to QoS Sustainability Analytics, has been addressed in particular in 5GAA white paper «Making 5G Proactive and Predictive for the Automotive Industry». The white paper highlights that the consumer of notifications is the V2X application, and in particualr it specifies that the V2X application which is the consumer of notification can be either the vehicle (client) side and/or the V2X application server (V2X AS) side. This is given by the fact that V2X services may involve adaptations triggered by vehicle or server side, depending on the service implementation and/or application type. As a consequence, as specified in the white paper, the setting of consumers (i.e., whether the notification should be delivered to server or client side) depends on which entity should take the decision about how to react to the reception of a notification. 
As per 3GPP TS 23.286 and 3GPP TR 23.764, QoS and network information are collected at the VAE layer (e.g., 3GPP  TR 23.764, Solution 7.2). The dissemination of  this information typically goes to the V2X application specific layer, which is the sole responsible for application adaptation. In current procedure in clause 7.2.1.2 in TR 23.764, the VAE server collects QoS information and provides to the V2X application-specific server which triggers the adaptation towards the V2X UE. Thus, the current focus of 3GPP TR 23.764 v0.4, in particular of Solution #2 which addresses the aspect of monitoring and control of QoS for eV2X communications considered in key issue #2, is focused on supporting server-side based application adaptation. In Solution #2, it is the V2X application specific server which receives QoS information from the VAE server, and V2X application layer adaptation is then only triggered by V2X application specific server. This is a limitation when considering V2X applications which require client-based application adaptation. For some V2X applications (e.g., applications related to autonomous driving) the functionality of application adaptation could reside at vehicle side (i.e., client-based application adaptation), and in this case the role of V2X application specific server is limited to processing and forwarding QoS notifications to V2X application specific client. In this case, the delivery path of QoS notifications to V2X application specific client via the V2X application specific server introduces additional delay, which could be significant in case the interface between VAE server and V2X application specific server is over public Internet. This could then impact the reactiveness of client-based application adaptation.
2. Reason for Change
To take into consideration the aspect highlighted above, it is needed to clarify in key issue 2 of 3GPP TR 23.764 v0.4 that the support of application adaptation should be supported for allowing both client-based and server-based adaptation, where currently the client-based adaptation is not highlighted. In addition, the contribution proposes a solution focusing on delivery of QoS notifications to V2X UE. 
In the proposed mechanism, the VAE layer still has the responsibility to provide the QoS notificaiton to the V2X UE, more explicitly VAE-C. The adaptation still happens at the VASC. The proposed solution provides a proactive mechanism for adaptation by providing the QoS notifications to the VAE-C, bypassing the V2X application-specific server and allowing faster adaptation at the V2X UE.
The changes go in the direction of enabling VAE layer to deliver QoS notifications to the client-side. If not accepted, the current capabilities of VAE layer will remain limited to supporting only server-based adaptation and client-based adaptation will be supported only by using V2X application specific server. This could potentially impact the capabilities and reactiveness for V2X services requiring client-based adaptation.
3. Conclusions

This contribution focuses on supporting client-based reactions and adaptations to QoS notifications. To this aim, it is proposed to extend the VAE layer for delivering QoS notifications to V2X UE and not only to V2X application specific server.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.764 v0.4.
* * * First Change * * * *

5.2
Key issue 2 – eV2X application QoS requirements for V2X communication over Uu
5.2.1
General

The V2X services described in 3GPP TS 22.186 [3], require ultra-reliable and low latency characteristics, and may require high data rates due to the very high expected payloads. The Categories of Requirements (CoR) and Level of Automation (LoA) is defined, which reflects the functional aspects of the technology and affects the system performance requirements.are defined to support such V2X scenarios. 
The following CoRs are defined:

-
General Aspects;

-
Vehicle Platooning;

-
Advanced Driving;

-
Extended Sensors; and

-
Remote Driving.
The following LoAs are defined:
-
No Automation (0);

-
Driver Assistance (1);

-
Partial Automation (2);

-
Conditional Automation (3);

-
High Automation (4); and

-
Full Automation (5). 

For the combination of each CoR scenario and each degree of LoA, requirements are specified in terms of Payload (Bytes), Transmission rate (Message/Sec), Maximum end-to-end latency (ms), Reliability (%), Data rate (Mbps), Minimum required communication range (meters).

V2X scenarios are delay and reliability critical while the rate (and thus the resource) requirement may vary for each CoR and LoA, since they may support different payloads (from 300 B to 12000 B) under the strict delay requirement. Also, different CoR and LoA combination may require different QoS parameters (even for the same V2X application, e.g. platooning). This poses additional challenges regarding the accommodation of QoS and resource requests by 3GPP systems from numerous and resource demanding services. 

In this regard, SA2 (see 3GPP TR 23.786 [12] and 3GPP TS 23.287 [7]) has provided enhancements to the QoS model to allow more flexible interactions between 5GS and the application layer; as well as the possibility of exposing to the 3rd party potential QoS adaptation to enable the application to pro-actively adapt the service offering (e.g. change of Level of Automation, group formations). 

Given the aforementioned considerations and the increased complexity of scenarios and the wider variety of requirements as imposed by the latest SA2 agreements (see 3GPP TS 23.287 [7]), it is required to further study the below sub-key issues.
5.2.2
Key issue 2a - Monitoring QoS situation by eV2X Application

The exposure of QoS information / analytics by 5GS (e.g. NWDAF) to Application Function (AF) is possible in 5GS, as part of the Potential QoS change procedure (see 3GPP TS 23.287 [7]).

In this regard, enhanced monitoring capabilities can be available at application layer (comparing to the V2X application functional model, specified in 3GPP TS 23.286 [6]), with focus on both server and client side, which can enable the application layer to dynamically provide/adapt the service operation and related QoS requirements for single or groups of UEs. The availability of monitoring information at application layer can enable application adaptation considering both server-based and client-based adaptation. The monitoring information which may be required at the application layer for adjusting the eV2X application requirement, need to be investigated further. 

5.2.3
Key issue 2b - Communicating eV2X application requirements with 5GS
The application based on the enhanced monitoring capabilities, upon receiving notifications about possible QoS changes (e.g. possible QoS downgrade), it may be required to handle the application adjustment; and subsequently the QoS requirement adjustment for single or groups of UEs which may be affected by this change. 

This study needs to investigate: 

1.
what is the impact at the application layer functional model for enabling the application layer to adapt V2X application requirements, based on the enhanced QoS monitoring, and 

2.
what new mechanisms may be required from application perspective to communicate this adaptation with the 5GS and involved application entities. 

* * * Next Change * * * *

7.X
Solution #X: QoS notifications to V2X UE
7.X.1
Solution description

7.X.1.1
General
This solution addresses the key issue #2. In this solution, the VAE layer delivers QoS notifications to V2X UE. In this solution, QoS notifications refer to notifications introduced in 5GS on Potential QoS change procedure (see 3GPP TS 23.287), including QoS Sustainability Analytics exposed by NWDAF and extended notification control generated from NG-RAN and exposed by SMF/PCF. 
7.X.1.2
Procedure

7.X.1.2.1
V2X UE subscription for QoS notifications

Pre-conditions:

1.
The VAE server includes an Application Function (AF) functionality, as defined in 3GPP TS 23.287 [7].

2.
The VAE server has subscribed to QoS notification service from 5GS (e.g. PCF/NWDAF). The notification may either include the request for QoS sustainability events as specified in 3GPP TS 23.288 [8] or can include a QoS change notification requests as provided by SMF and specified in 3GPP TS 23.287 [7].
The high-level procedure for V2X UE subscription for QoS notifications is illustrated in figure 7.X.1.2.1-1.





Figure 7.X.1.2.1-1: V2X UE subscription for QoS notifications
1. The V2X UE sends a subscription request for QoS notifications to VAE server.

2. The VAE server stores the subscription information corresponding to the VAE client.
NOTE: as mentioned in the pre-condition, the VAE server has already a subscription to QoS notification service from 5GS (e.g. PCF/NWDAF) that can match the request from the VAE client. If it is not the case, the VAE server should trigger a subscription to QoS notification service from 5GS (e.g. PCF/NWDAF).
3. The VAE server sends a subscription response for QoS notifications to VAE client including the result of the subscription (i.e. success or failure).

7.X.1.2.2
QoS notifications to V2X UE

Pre-conditions:

1.
The VAE server includes an Application Function (AF) functionality, as defined in 3GPP TS 23.287 [7].

2.  The VAE server has subscribed to QoS notification service from 5GS (e.g. PCF/NWDAF). The notification may either include the request for QoS sustainability events as specified in 3GPP TS 23.288 [8] or can include a QoS change notification requests as provided by SMF and specified in 3GPP TS 23.287 [7].
The high-level procedure for QoS notifications to V2X UE is illustrated in figure 7.X.1.2.2-1.






Figure 7.X.1.2.2-1: QoS notifications to V2X UE 
1. The VAE server receives QoS notification from 5GS (e.g. PCF/NWDAF). The notification may either include the request for QoS sustainability events as specified in 3GPP TS 23.288 [8] or can include a QoS change notification requests as provided by SMF and specified in 3GPP TS 23.287 [7].
2. The VAE server processes the received QoS notification, e.g., to identify which V2X UE(s) should receive the QoS notification based on previously stored subscription information.

3. The VAE server sends a QoS notification to relevant V2X UE(s).

4. The V2X UE performs V2X application adaptation based on received QoS notification.

7.X.2
Solution evaluation

The procedure allows the VAE client to receive QoS notifications from the VAE server. This enables the support of client-based adaptation to QoS notifications directly, instead of supporting client-based adaptation indirectly via V2X application specific server.
Editor's note:
The relationship to the monitoring procedure clause 9.7 in 3GPP TS 23.286 [6] needs to be studied in normative phase.
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