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Abstract of the contribution: This paper proposes a new solution for KI#15.
1. Discussion 
A new solution is proposed for KI#15 "Enhancements to assist Application Adjustment" based on the eNA work made in TS 23.288 as a result of FS_eNA.
TS 23.288v0.1.0 "Architecture enhancements for 5G System (5GS) to support network data analytics services" includes the mechanism about user plane congestion analytics as below. This is based on Solution 30 "Network Status in a specific geographic area" that was selected for Key Issue #12 "Support of Northbound Network Status Exposure" in TR 23.791.
	6.12
User plane congestion analytics

6.12.1
General

The NWDAF can provide user plane congestion related analytics, in the form of statistics or predictions or both, to another NF.
6.12.2
Input data

6.12.3
Output analytics 
Editor's note: The exact definition for user plane congestion information is FFS.

6.12.4
Procedures

6.12.4.1
Procedure for one-time or continuous reporting of analytics for user plane congestion in a geographic area

The procedure as depicted in Figure 6.12.4.1-1 is used by an NF to retrieve user plane congestion analytics for a specific geographic area. The procedure can be used to request a one-time or continuous reporting of user plane congestion analytics.
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Figure 6.12.4.1-1: Procedure for one-time or continuous reporting of analytics for user plane congestion in a geographic area
For one-time reporting:

1.
The NF sends Nnwdaf_AnalyticsInfo_Request to NWDAF, indicating request for analytics for user plane congestion in a specific location. The NF can request statistics or predictions or both. The type of analytics is set to user plane congestion, the target for analytics is set to a location (e.g. ECGI, TA).
2-3. If the request is authorized, and in order to provide the requested analytics, the NWDAF may request 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.

Editor's note: The exact SA5 service used is FFS.
4.
The NWDAF derives requested analytics.

5.
The NWDAF provides the analytics for user plane congestion to the NF.

For continuous reporting:
6.
The NF sends Nnwdaf_EventsSubscription_Subscribe Request to the NWDAF, indicating request for analytics for user plane congestion in a specific location (e.g. ECGI, TA), possibly with thresholds. The NF can request statistics or predictions or both.
7-8. The NWDAF subscribes 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.

Editor's note: The exact SA5 service used is FFS.
9.
The NWDAF derives requested analytics.

10.
The NWDAF provides the analytics for user plane congestion to the NF.

11.
A change of user plane congestion status corresponding to crossing a threshold set by the NWDAF is detected by OAM and notified to NWDAF.

12.
The NWDAF derives new analytics.

13.
The NWDAF provides a notification for analytics for the user plane congestion to the NF.


Data collection from OAM is described in TS 23.288v0.1.0 as below:
	6.2.3
Data Collection from OAM
6.2.3.1
General
The NWDAF may collect relevant management data from the services in the OAM as configured by the PLMN operator.
‐
NG RAN or 5GC performance measurements as defined in TS 28.552 [8].
‐
5G End to end KPIs as defined in TS 28.554 [10].
NWDAF shall use the following services to have access to the information provided by OAM:

-
Generic performance assurance and fault supervision management services as defined in TS 28.532 [6].

‐
PM (Performance Management) services as defined in TS 28.550 [7].

‐
FS (Fault Supervision) services defined in the TS 28.545 [9].

NWDAF can be configured to invoke the existing OAM services to retrieve the management data.
OAM perform the required configuration in order to provide the information requested by NWDAF subscription and perform the tasks, e.g. data collection, data processing, associated with the subscribed request from NWDAF.
Another usage of OAM services is when the target of data collection is related to MDT based retrieval of information which is a per UE mechanism.
6.2.3.2
Services Related Data Collection from OAM

NWDAF invokes existing OAM services related to data collection as defined in 3GPP specifications TS 28.532 [6], TS 28.550 [7], TS 28.545 [9].


Regarding the interaction between V2X Application Server and NWDAF, clause 6.1 "Procedures for analytics exposure" can be referred. For your convenience, clause 6.1.3 "Contents of Analytics Exposure" is excerpted as below.

	6.1.3
Contents of Analytics Exposure

The NFs/AF/ OAM subscribing (using Nnwdaf_ AnalyticsSubscription)  or requesting (using Nnwdaf_ AnalyticsInfo) analytics to NWDAF should contains:
-  Analytic ID: one or multiple Analytic ID(s)

Editor's note: New Analytic IDs possibly need to be extended to fit to use cases.

Editor's note: The relationship (e.g. the mapping when using NEF) of Analytic ID and Event ID (as defined in TS 23.502 [3] clause 4.15.1) is FFS.

-
Event Filter Information defined in TS 23.502 [3] 4.15.1. This set of parameter types and values enables to select which type of analytics information are requested (e.g. subset of all available analytics produced by NWDAF for the given Analytic ID value).
-
Target of Event Reporting (as defined in TS 23.502 [3] clause 4.15.1): the object targeted by analytics/predictions (UEs, group of UE(s), any UEs). The target of event reporting indicates entities such as specific UEs, a group of UE(s) or any UE (i.e. all UEs). A Notification Target Address (+ Notification Correlation ID) as defined in TS 23.502 [3] clause 4.15.1, allowing to correlate notifications received from NWDAF with this subscription.

-
Event Reporting Information as described in TS 23.502 [3] Table 4.15.1-1 with the following additional parameters:
-
Observation period: time interval [start..end] covered by the computation, either in the past or in the future, expressed as positive or negative offsets to the present. An interval in the past is a request for statistics. An interval in the future is a request for predictions. A default value means statistics in the recent past, with a time range defined by the NWDAF.

-
Preferred level of accuracy of the analytics (e.g. Low/High).

Editor's note: Other additional parameters is FFS which is according to use cases e.g. as level of aggregation
The NWDAF provide analytic feedback to NFs/AF/ OAM by notifying (using Nnwdaf_ AnalyticsSubscription)  or response (using Nnwdaf_ AnalyticsInfo) to analytics should contains:

-
The Notification Correlation Information provided in the subscription request.

-
The Analytic ID (one of the Analytic ID provided in the request),

-
Related list of analytics on the requested observation period;

-
Optional additional information:

-
Timestamp of analytics generation, which allows consumers to decide until when the received information shall be used. For instance, an NF can deem a received notification from NWDAF for a given feedback as invalid based on this timestamp;

-
Probability assertion: level of certainty, degree of confidence in statistics/prediction.


We can consider to reuse the above mechanism for user plane congestion related analytics provided by NWDAF for KI#15 with some extension.

The following aspects need to be considered to reuse the above mechanism specified in TS 23.288 for eV2X KI#15. Anyhow, the above mechanism is considered not-yet-completed and 6.12.2 "Input data" and 6.12.3 "Output analytics" have not been filled. Therefore, as the User plane congestion analytics mechanism in TS 23.288 gets completed, we can consider to get the proposed solution in this paper aligned with the above mechanism as much as possible. 
(1) Location requested for user plane congestion analytics 
The V2X Application Server sets the location in which user plane congestion analytics are requested to cover whole area along the path (Figure 1(a)) or partial area along the path (Figure 1(b)). The path length represented by the location can be chosen to fit the needs of the specific application and it should be sufficient for safe operation within a certain time window (i.e. it needs not be end-to-end path the UE needs to reach the final destination, which may be quite extensive).
For the latter case (Figure 1(b)), i.e. if the path is divided into multiple location, the V2X Application Server can ask to report NWDAF analytic information by including each location together with Observation period that is set appropriately for the location by considering e.g. UE speed, the path, V2X application, etc. Location#x and Location#x+1 divided for requesting NWDAF analytic information (e.g. Location#1 and Location#2) may be overlapped each other.
For example, the V2X Application Server can ask NWDAF to provide notification about change in QoS in Location#2 while the UE is in Location#1 and heading to Location#2 (i.e. the UE has not entered into Location#2 yet) by setting the Observation period for Location#2 appropriately. 

Therefore, when the V2X Application Server receives the notification about change in QoS in the location the UE is heading to (e.g. Location#2 for the UE in Location#1), this notification is "early notification" that can assist Application Adjustment.
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Figure 1: Location requested for user plane congestion analytics
(2) Congestion level thresholds applied for continuous reporting for user plane congestion analytics
QoS requirements (e.g. 5QI(s), GFBR - UL and DL, MFBR - UL and DL) may be provided by the V2X Application Server as thresholds information to be used for user plane congestion notification regarding potential change in QoS.
A change of user plane congestion status detected by OAM may be based on e.g. for the relevant 5QI(s), packet delay, average UL/DL throughput, DRB accessibility/retainability, whether notification for QNC has been sent (e.g. whether NG-RAN has informed SMF that it cannot fulfil the GFBR requirement but re-fulfillment has not been notified yet), etc. Which RAN performance measurements are needed to be added to SA5 TS 28.552 can be decided in the normative phase.
The following excerpted from SA5 TS 28.552v16.0.0 "Management and orchestration; 5G performance measurements" shows performance measurements for gNB including RAN user plane congestion related measurements and SA5 are progressing Rel-16 5G_SLICE_ePA (Enhancement of performance assurance for 5G networks including network slicing, SP-180902).
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Performance measurements for 5G Network Functions
10
5.1
Performance measurements for gNB
10
5.1.1
Performance measurements valid for all gNB deployment scenarios
10
5.1.1.1
Packet Delay
10
5.1.1.1.1
Average delay DL air-interface
10
5.1.1.2
Radio resource utilization
11
5.1.1.2.1
DL Total PRB Usage
11
5.1.1.2.2
UL Total PRB Usage
11
5.1.1.2.3
Distribution of DL Total PRB Usage
12
5.1.1.2.4
Distribution of UL Total PRB Usage
12
5.1.1.3
UE throughput
13
5.1.1.3.1
Average DL UE throughput in gNB
13
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Distribution of UL UE throughput in gNB
16
5.1.1.3.5
Volume of unrestricted DL UE data in gNB
18
5.1.1.3.6
Volume of unrestricted UL UE data in gNB
18
5.1.1.4
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Max number of RRC Connections
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PDU Session Management
20
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Number of PDU Sessions requested to setup
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Mobility Management
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TB related Measurements
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5.1.1.7.1
Total number of DL initial TBs
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Intial error number of DL TBs
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Total number of DL TBs
24
5.1.1.7.4
Total error number of DL TBs
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Total number of UL initial TBs
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Error number of UL initial TBs
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5.1.1.7.8
Total number of UL TBs
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5.1.1.7.9
Total error number of UL TBs
27
5.1.1.7.10
Residual error number of UL TBs
27
5.1.1.8
PDU session modifications
27
5.1.1.8.1
Number of requested PDU session modifications (UE initiated)
27
5.1.1.8.2
Number of successful PDU session modifications (UE initiated)
28
5.1.1.8.3
Number of failed PDU session modifications (UE initiated)
28
5.1.1.8.4
Number of requested PDU session modifications (SMF initiated)
28
5.1.1.8.5
Number of successful PDU session modifications (SMF initiated)
29
5.1.1.8.6
Number of failed PDU session modifications (SMF initiated)
29
5.1.1.9
PDU session releases
29
5.1.1.9.1
Number of released PDU sessions (AMF initiated)
29
5.1.1.10
DRB Setup Management
30
5.1.1.10.1
Number of DRBs attempted to setup
30
5.1.1.10.2
Number of DRBs successfully setup
30
2. Proposal

The following changes are proposed to TR 23.786.
* * * * Start of 1st Change (All texts are new!!!!) * * * * 

6.X
Solution #X: Early notification to assist Application Adjustment

6.X.1
Functional Description
This solution corresponds to the Key Issue #15 "Enhancements to assist Application Adjustment ".

The proposed solution reuses the mechanism for user plane congestion related analytics provided by NWDAF specified in clause 6.12 "User plane congestion analytics" of TS 23.288 [x].
The following aspects need to be considered to reuse the mechanism mentioned above for Key Issue #15.
NOTE 1: 
The mechanism specified in clause 6.12 "User plane congestion analytics" of TS 23.288 [x] is considered not-yet-completed. Therefore, to get the proposed solution aligned with this eNA mechanism as much as possible can be considered in the normative phase as this eNA mechanism gets completed.

(1) Location requested for user plane congestion analytics 
The V2X Application Server sets the location in which user plane congestion analytics are requested to cover whole area along the path (Figure 6.X.1-1 (a)) or partial area along the path (Figure 6.X.1-1 (b)). The path length represented by the location can be chosen to fit the needs of the specific application and it should be sufficient for safe operation within a certain time window (i.e. it needs not be end-to-end path the UE needs to reach the final destination, which may be quite extensive).
For the latter case (Figure 1(b)), i.e. if the path is divided into multiple location, the V2X Application Server can ask to report NWDAF analytic information by including each location together with Observation period that is set appropriately for the location by considering e.g. UE speed, the path, V2X application, etc. Location#x and Location#x+1 divided for requesting NWDAF analytic information (e.g. Location#1 and Location#2) may be overlapped each other. For example, the V2X Application Server can ask NWDAF to provide notification about change in QoS in Location#2 while the UE is in Location#1 and heading to Location#2 (i.e. the UE has not entered into Location#2 yet) by setting the Observation period for Location#2 appropriately. 
Therefore, when the V2X Application Server receives the notification about change in QoS in the location the UE is heading to (e.g. Location#2 for the UE in Location#1), this notification is "early notification" that can assist Application Adjustment.
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Figure 6.X.1-1: Location requested for user plane congestion analytics
(2) Congestion level thresholds applied for continuous reporting for user plane congestion analytics
QoS requirements (e.g. 5QI(s), GFBR - UL and DL, MFBR - UL and DL) may be provided by the V2X Application Server as thresholds information to be used for user plane congestion notification regarding potential change in QoS.
A change of user plane congestion status detected by OAM may be based on e.g. for the relevant 5QI(s), packet delay, average UL/DL throughput, DRB accessibility/retainability, whether notification for QNC has been sent (e.g. whether NG-RAN has informed SMF that it cannot fulfil the GFBR requirement but re-fulfillment has not been notified yet), etc. 
NOTE 2:
Which RAN performance measurements are needed to be added to TS 28.552 [y] can be decided in the normative phase.
6.X.2
Procedures
In this clause, the proposed procedure is related to continuous reporting, however one-time reporting can be also used.
Figure 6.X.2-1 depicts a procedure for early notification to assist Application Adjustment. Figure 6.X.2-1 shows the interaction between V2X Application Server and NWDAF performed via the NEF. The V2X Application Server may perform the interaction with NWDAF directly, e.g. when the V2X Application Server is a trusted AF.
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Figure 6.X.2-1: Early notification to assist Application Adjustment
1.
The UE provides information on path, path start time and QoS requirements (e.g. 5QI(s)) to the V2X Application Server.
Steps 2 to 9 are based on the mechanisms and procedures specified in clause 6.1.1 "Analytics Subscribe/Unsubscribe", clause 6.1.3 "Contents of Analytics Exposure" and clause 6.12 "User plane congestion analytics" of TS 23.288 [x]. In steps 2 to 9, Changes with respect to the contents described in TS 23.288 [x] are written in Bold text.
2.
The V2X Application Server subscribes to analytic information to NWDAF via NEF. The type of analytics is set to user plane congestion and the target for analytics is set to a location. The V2X Application Server can request statistics or predictions or both.
NOTE:
For the type of analytics (i.e. Analytic ID defined in TS 23.288 [x]), whether "user plane congestion" can be used or new type for this solution (e.g. "QoS change") needs to be defined can be decided in the normative phase.
The subscription request includes a location information. The requested location is geographical area specified by the V2X Application Server that could be at cell level (Cell ID(s)), TA level (TAI(s)) or other formats e.g. shapes (e.g. polygons, circles etc.) or civic addresses (e.g. streets, districts etc.). 
The requested location can cover whole area along the path or partial area along the path. If the path is divided into multiple location, the V2X Application Server includes each location together with Observation period that is set appropriately for the location as described in clause 6.X.1, in the subscription request.
The subscription request may include thresholds. QoS requirements (e.g. 5QI(s), GFBR - UL and DL, MFBR - UL and DL) may be provided as thresholds information to be used for user plane congestion notification regarding potential change in QoS. 

If the analytic information subscription is authorized by the NEF, the NEF records the association of the analytic trigger and the requester identity.
3.
Based on the subscription request from the V2X Application Server, the NEF subscribes to analytic information to NWDAF. In the subscription to NWDAF analytics, NEF may apply restrictions to the subscription request to NWDAF (e.g., restrictions to parameters or parameter values from Nnwdaf_AnalyticsSubscription_Subscribe service operations) based on operator configuration.

If needed, the NEF maps the V2X AS provided location information to a form that is understood by the 3GPP system, e.g. list of TAs, list of cell(s), etc.

4.
The NWDAF subscribes 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.
5.
The NWDAF derives requested analytics and provides the analytics for user plane congestion to the NEF.

6.
The NEF provides the analytics for user plane congestion to the V2X Application Server.

7.
A change of user plane congestion status corresponding to crossing a threshold set by the NWDAF is detected by OAM and notified to NWDAF.
8.
The NWDAF derives new analytics and provides a notification for analytics for the user plane congestion to the NEF.

9.
The NEF provides a notification for analytics for the user plane congestion to the V2X Application Server.

10.
V2X application adjustment may take place at UE and/or V2X Application Server upon reception of the notification about potential change in QoS.
The V2X Application Server may perform unsubscription to cancel a previous subscription for the NWDAF analytic information as specified in clause 6.1.1 of TS 23.288 [x] when the subscription is not needed any more, e.g. because the UE reaches the final destination, new subscription is required due to path update, etc.
6.X.3
Impact on existing entities and interfaces
V2X Application Server
-
The V2X Application Server sets the requested location and the related observation period to ask NWDAF to report user congestion control analytics.

-
The V2X Application Server may include QoS requirements (e.g. 5QI(s), GFBR - UL and DL, MFBR - UL and DL) as thresholds information in the subscription request for user congestion control analytics regarding potential change in QoS.
NEF

-
If needed, the NEF maps the V2X AS provided location information included in the subscription request to a form that is understood by the 3GPP system, e.g. list of TAs, list of cell(s), etc. However, this operation is considered existing to support event exposure.
6.X.4
Topics for further study
6.X.5
Solution evaluation
This solution satisfies Key Issue #15 by reusing the mechanism specified by eNA (Enablers for Network Automation for 5G). Main impacts are on the V2X Application Server.
6.X.6
Conclusions

Editor's note: Conclusions are FFS.
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