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Introduction

eNA TR 23.791 contains one key issue related to exposure of network status to northbound entities:
5.2.12
Key Issue 12: Support of Northbound Network Status Exposure

5.2.12.1
Description
A Release 15 NEF currently supports a subset of SCEF Northbound APIs. One of the APIs currently not supported by NEF is for Reporting of Network Status. TS 29.122 [9] describes the functionality of this API as follows:


"The ReportingNetworkStatus API is a RESTful API that allows the SCS/AS to be one-time or continuous notified of the network status in a geographic area."

This key issue would study the collection of information related to user plane congestion from OAM based on which network congestion status being experienced by a UE in its current location can be exposed. Work related with getting network status in a location will be done at SA WG5.

5.2.12.2
Requirement

NEF shall expose network status using an API equivalent type to T8's ReportingNetworkStatus API.

In order to solve this key issue, 5GS should provide the following capabilities:
· Allow an AF to collect, via NEF, the network status related to user plane congestion (congestion for NG-RAN nodes) in a geographic area. This is the equivalent capability as ReportingNetworkStatus API defined for SCEF.

· Allow an AF to collect, via NEF, the network status related to user plane congestion (congestion for NG-RAN nodes) for a specific UE. This capability is not currently supported by ReportingNetworkStatus API defined for SCEF.

It is assumed that above reporting should be made available for continuous or one-time reporting.
A solution for key issue #12 is proposed, addressing the two capabilities described above.
Proposal

It is proposed to update TR 23.791 as follows.
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6.X
Solution X: Network Status in a specific geographic area
6.X.1
Description

6.X.1.1
General

This is a solution to Key Issue #12: Support of Northbound Network Status Exposure.

The solution allows for one-time or continuous reporting of network status in a geographic area.
6.X.1.2
Procedures

6.X.1.2.1
Procedure for one-time or continuous reporting of network status in a geographic area

This procedure is used by an AF to retrieve Network Status Information (NSI) from the network for a specific geographic area. The procedure can be used to request a one-time or continuous reporting of network status, as described in figure 6.X.1.2.1-1.
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Figure 6.X.1.2.1-1: Procedure for one-time or continuous reporting of network status in a geographic area
1.
When the AF needs to retrieve NSI in a geographic area, the AF sends a Network Status Request (Geographical area, AF Identifier, Duration, Threshold) message to the NEF. Duration indicates the time for which a continuous reporting is requested. The absence of Duration indicates a one-time reporting. Threshold indicates a range at which the AF wishes to be informed of the network status for the continuous reporting. Multiple Threshold values may be included. The NEF assigns a TLTRI that identifies the Network Status Request.
NOTE 1:
Geographical area specified by AF could be at cell level (ECGI), TA level or other formats e.g. shapes (e.g. polygons, circles etc.) or civic addresses (e.g. streets, districts etc.) as referenced by OMA Presence API [yy].

2.
The NEF authorizes the AF request for notifications about potential network issues. The NEF stores AF Identifier, TLTRI, Duration, if present, and Threshold, if present. The NEF assigns an NEF Reference ID.

3.
The NEF sends a Network Status Response (TLTRI, cause). The cause value indicates that the network has accepted the request in step 1. Based on operator policies, if either the AF is not authorized to perform this request (e.g. if the SLA does not allow for it) or the AF has exceeded its quota or rate of submitting requests, the cause value indicates the error and the flow stops at this step.

4.
The NEF derives a Location Area from the Geographical Area provided by the AF. The Location Area is according to operator configuration either a 3GPP location area (e.g. list of TAs, list of cell(s) etc.). The NEF identifies, based on local configuration or via NRF, the NWDAF(s) responsible for the provided Geographical Area. If multiple NWDAF(s) need to be involved the NEF will have to aggregate the answers.
For one-time reporting:

5. 
The NEF sends Nnwdaf_AnalyticsInfo_Request to NWDAF, indicating request for user plane congestion status in a specific location.

6-7. The NWDAF requests the user plane congestion status for the requested location to OAM, and OAM provides back the requested information. If the NWDAF already has information about the user plane congestion status for the requested location, these steps are omitted.
8.
The NWDAF provides the user plane congestion status information to the NEF.

9.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. After receiving reports from all the involved NWDAF(s) to which step 5 was executed, the NEF derives the NSI for the requested Geographical Area by combining all reports with the same NEF Reference ID in an operator configurable way (governed by SLAs, network topology, usage, etc.).

NOTE 2:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

10.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

11.
The AF sends a Network Status Acknowledgement to the NEF.

For continuous reporting:

12.
The NEF sends Nnwdaf_EventsSubscription_Subscribe Request to the NWDAF, indicating request for user plane congestion status in a specific location, possibly with thresholds.

13-14. The NWDAF subscribe to OAM to get the user plane congestion status for the requested location, possibly providing congestion level thresholds, and OAM provides back the first report for requested information in the response.

15.
The NWDAF provides the user plane congestion status information to the NEF.

16.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. After receiving reports from all the involved NWDAF(s) to which step 12 was executed, the NEF derives the NSI for the requested Geographical Area by combining all reports with the same NEF Reference ID in an operator configurable way (governed by SLAs, network topology, usage, etc.).

NOTE 3:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

17.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

18.
The AF sends a Network Status Acknowledgement to the NEF.

19.
A change of user plane congestion status corresponding to crossing a threshold set by the NWDAF is detected by OAM and notified to NWDAF.

20.
The NWDAF provides a notification for the user plane congestion status information to the NEF.

21.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. After receiving reports from all the involved NWDAF(s) to which step 12 was executed, the NEF derives the NSI for the requested Geographical Area by combining all reports with the same NEF Reference ID in an operator configurable way (governed by SLAs, network topology, usage, etc.).

NOTE 4:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

22.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

23.
The AF sends a Network Status Acknowledgement to the NEF.

6.X.1.2.2
Cancelling continuous reporting of network status

The procedure as depicted in figure 6.X.1.2.2-1 is used for termination of the continuous reporting of network status. It can be triggered by the AF at any time before the Duration is over or if no Duration was provided. The NEF will trigger this procedure when the Duration is over. 
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Figure 6.X.1.2.2-1: Cancelling continuous reporting of network status

1a.
The NEF detects that the requested Duration for an ongoing continuous reporting of network status to an AF is over and identifies the corresponding NEF Reference ID.

1b.
When the AF needs to terminate an ongoing continuous reporting of network status, the AF sends a Cancel Network Status Request (AF Identifier, TLTRI) message to the NEF.

2b.
If the AF requested to terminate an ongoing continuous reporting of network status in step 1b, the NEF authorizes the AF request and identifies the corresponding NEF Reference ID.

3b.
If the AF requested to terminate an ongoing continuous reporting of network status in step 1b, the NEF sends a Cancel Network Status Response (Cause) message to the AF.

4.
The NEF identifies the NWDAF(s) involved in the continuous reporting represented by the NEF Reference ID. The NEF sends a Nnwdaf_EventsSubscription_Unsubscribe Request (subscription correlation ID) to the identified NWDAF(s).

5-6. The NWDAF unsubscribe from OAM for the requested information and the OAM confirms unsubscription.

7.
Afterwards, the NWDAF sends Nnwdaf_EventsSubscription_Unsubscribe Response to the NEF.
6.X.2
Impacts on Existing Nodes and Functionality
The NEF has to implement NetworkStatus API as defined for SCEF.

The Nnwdaf_AnalyticsInfo_Request and Nnwdaf_EventsSubscription_Subscribe service operations have to be enhanced to allow requests for user plane congestion status for a given location, possibly with indication of thresholds.

The SA5 services should allow for retrieving user plane congestion status for a specific location and thresholds.
6.X.3
Solution Evaluation

This solution is the adaptation of T8 NetworkStatus API to NEF and 5GC. It provides the same level of functionality, i.e. for user plane congestion status.
6.Y
Solution Y: Network Status for a specific UE
6.Y.1
Description

6.Y.1.1
General

This is a solution to Key Issue #12: Support of Northbound Network Status Exposure.

The solution allows for one-time or continuous reporting of network status for a specific UE.
6.Y.1.2
Procedure for one-time or continuous reporting of network status for a specific UE

This procedure is used by an AF to retrieve Network Status Information (NSI) from the network for a specific UE. The procedure can be used to request a one-time or continuous reporting of network status, as described in figure 6.Y.1.2-1.
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Figure 6.Y.1.2-1: Procedure for one-time or continuous reporting of network status for a specific UE

1.
When the AF needs to retrieve NSI for a given UE, the AF sends a Network Status Request (GPSI, AF Identifier, Duration, Threshold) message to the NEF. Duration indicates the time for which a continuous reporting is requested. The absence of Duration indicates a one-time reporting. Threshold indicates a range at which the AF wishes to be informed of the network status for the continuous reporting. Multiple Threshold values may be included. The NEF assigns a TLTRI that identifies the Network Status Request.
2.
The NEF authorizes the AF request for notifications about potential network issues. The NEF stores AF Identifier, TLTRI, Duration, if present, and Threshold, if present. The NEF assigns an NEF Reference ID.

3.
The NEF sends a Network Status Response (TLTRI, cause). The cause value indicates that the network has accepted the request in step 1. Based on operator policies, if either the AF is not authorized to perform this request (e.g. if the SLA does not allow for it) or the AF has exceeded its quota or rate of submitting requests, the cause value indicates the error and the flow stops at this step.

4.
The NEF assigns a NEF Reference ID and identifies, based on local configuration or via NRF, the NWDAF responsible for providing network status for a UE. 
For one-time reporting:

5. 
The NEF sends Nnwdaf_AnalyticsInfo_Request to NWDAF, requesting for user plane congestion status for a specific UE id.

6-9. The NWDAF may already know the UE location. If not, the NWDAF checks the UE location by first retrieving the AMF serving the UE (steps 6-7) and then by interrogating the AMF about the UE location.

10-11. The NWDAF requests the user plane congestion status for the UE location to OAM, and OAM provides back the requested information. These steps are omitted if the NWDAF already has the information.
12.
The NWDAF provides the user plane congestion status information to the NEF.

13.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. The NEF derives the NSI for the UE.
NOTE 1:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

14.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

15.
The AF sends a Network Status Acknowledgement to the NEF.

For continuous reporting:

16.
The NEF sends Nnwdaf_EventsSubscription_Subscribe Request to the NWDAF.

17.
The NWDAF determines the UE location, either via internal information or by applying the same steps as steps 6 to 9. The NWDAF then determines an area of interest.
18-19. The NWDAF subscribe to OAM to get the user plane congestion status for the UE location, possibly providing congestion level thresholds, and OAM provides back the first report for requested information in the response.

20.
The NWDAF provides the user plane congestion status information to the NEF.

21-22. The NWDAF subscribes to UE mobility event notification in order to be informed when the UE moves out of the area of interest (in order to define a new area of interest and request new information to OAM if the UE moves to a different area).

23.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. The NEF derives the NSI for the UE.

NOTE 2:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

24.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

25.
The AF sends a Network Status Acknowledgement to the NEF.

26.
A change of user plane congestion status corresponding to crossing a threshold set by the NWDAF is detected by OAM and notified to NWDAF.

27.
The NWDAF provides a notification for the user plane congestion status information to the NEF.

28.
The NEF verifies whether the Network Status Request identified via the NEF Reference ID is valid and active and stores the report. The NEF derives the NSI for the UE.

NOTE 3:
Either exact values for congestion status, as reported by NWDAF(s) to NEF or abstracted values e.g. (High, Medium, Low) can be reported by the NEF to the AF. The calculation and the reporting of the NSI to the AF depends on operator configuration (SLAs, network topology, usage, etc.).

29.
The NEF sends a Network Status Report (TLTRI, NSI) message to the AF.

30.
The AF sends a Network Status Acknowledgement to the NEF.
6.Y.2
Impacts on Existing Nodes and Functionality
The NEF has to implement NetworkStatus API as defined for SCEF, with the addition of GPSI as an input parameter.

The Nnwdaf_AnalyticsInfo_Request and Nnwdaf_EventsSubscription_Subscribe service operations have to be enhanced to allow requests for user plane congestion status for a given UE, possibly with indication of thresholds.

The NWDAF has to retrieve UE location information using existing UDM and AMF services.

The SA5 services should allow for retrieving user plane congestion status for a specific location and thresholds.
6.Y.3
Solution Evaluation

Editor's note:
Use this clause for evaluation at solution level.
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