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Abstract: The proposed solution is to address KI#11.
1. Introduction
An event that a NF may raise may be of interest to multiple NWDAFs that are supporting different Analytics IDs. And the NF has to send multiple notifications to NWDAFs i.e. one for each subscriber. Each of such notification will include the same event report related to the same subscribed event. When the event report itself is large, the transmission of the redundant event report data may significantly increase the burden of the communication between the source NF and the subscription consumer NF, i.e. the NWDAF. And for the operators who deploy the NWDAF, this may make the data collection inefficient and costly.
This solution is for KI#11 Increasing efficiency of data collection.
2. Discussion
Assuming there are multiple NWDAF instances, say NWDAF_1, NWDAF_2 and NWDAF_3, subscribe the Location Report of UE from AMF. From the AMF’s perspective, if the 3 subscription requests that the AMF received from NWDAF_1, NWDAF_2 and NWDAF_3 include the same Event ID and Event Filter Information, the AMF may interpreter that NWDAF_1, NWDAF_2 and NWDAF_3 are interested in the same event.
Moreover, if the Event Reporting Information and Target of Event Reporting are the same in all 3 subscription requests, the AMF may know that the notifications corresponding to the 3 subscription requests subscribe the identical event report.
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Figure 1. the AMF may tell that some of the subscription requests subscribe the identical event report
Observation 1: Based on the received event exposure subscriptions, the producer of the event exposure subscribe service may tell that some of the subscription requests subscribe the identical event report.
Now the AMF knows that NWDAF_1, NWDAF_2 and NWDAF_3 subscribed the identical event report. Moreover, assuming that NWDAF_1 and NWDAF_2 are collocated, and NWDAF_1 is able to get access to the data collected by the NWDAF_2. But NWDAF_3 has no access to the data collection of neither the NWDAF_1 nor NWDAF_2.
When AMF send the event report by notification to NWDAF_1, NWDAF_2 and NWDAF_3, from the perspective of the NWDAF_1, due to data accessibility between NWDAF_1 and NWDAF_2, there is redundancy between the event report that the NWDAF_1 receives from the AMF and the event report that the NWDAF_1 may get from the NWDAF_2. 
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Figure 2. the redundancy relationship depending on the data accessibility between NWDAF instances.
Moreover, based on this redundancy, it is safe to consider the event report within the notification that the NWDAF_2 received from the AMF as the original information and consider the event report within the notification that the NWDAF_1 received from the AMF as the redundant information.
Observation 2: For the notifications with identical event reporting, the redundancy relationship among them is depending on the data accessibility among the corresponding consumers of event exposure subscription.

Based on the Observation 1 and Observation 2, we propose the following solution which improved the NWDAF data collection efficiency by reducing the redundancy of event reporting.
3. Proposal

The followings are proposed for TR 23.700-91。
6.X
Solution #X: Simplify the redundancy in event report notification for NWDAF data collection
6.X.1
General Description
This solution is to address KI#11. 

This solution is based on the event reporting subscribing and notifying. One or multiple NWDAF instances act as the consumers of event exposure service to perform data collection.
Editor's note: it is FFS that whether a NF of the type other than NWDAF may act as the consumer of this solution.
1. Identify the redundancy
When the producer of the event reporting subscribing service receives a new event reporting subscription request, it performs a redundancy relationship checks in order to find all valid event reporting subscriptions that subscribe the same event report as the current subscription request does. This check can be made, for example, by looking for subscription whose Event ID, Event Filter Information, and if necessary, the Event Report Information are all identical to the ones of the current subscription request.
Based on the result of the check, i.e. all of the event report subscriptions that subscribe for the identical event report information to the current subscription, the producer of the event reporting subscribing service checks the data accessibility between the consumer of these subscriptions and the consumer of the current subscription request. This check can be made based on the data accessibility information provided in the current subscription request, which, for example, identifies the NWDAF instances that are collocated with the NWDAF instance consumer of current subscription request, and these NWDAF instances collocated has data accessibility among them. 
NOTE: the data accessibility is preconfigured in the consumer NF.
For every existed event report subscriptions that subscribe for the identical event report information to the current subscription, if there is data accessibility between the consumer of existed event report subscription and the consumer of the current subscription request, the producer of this event reporting subscribing service may identify the redundancy relationship between the existed event report subscription and the current event reporting subscription request. And if the producer of the event reporting subscribing service accepts the current subscription request, it records this redundancy relationship.
NOTE: The producer of the event reporting subscribing service records the existed event reporting subscription as the original subscription and records the current subscription as the redundant subscription in this redundancy relationship.

NOTE: for one redundancy relationship, there can be more than one original subscription, but only one redundant subscription.
The producer of the event reporting subscribing service may also inform the consumer of the current subscription request about the redundancy relationship. The redundancy relationship may include the consumer NF ID and the Subscription Correlation ID of the original subscriptions. This redundancy relationship is sent within event exposure subscribe response.
2. Simplify the event report notification based on the redundancy
when the producer of the event reporting subscribing service has decided to send the event exposure notify to a specific consumer who has subscribed the corresponding event reporting, depending on the redundancy relationship that the producer has recorded:
· If the record indicating this subscription is a redundant subscription, the producer will simplify the notification by omitting a part of the information. For example, the optional Event specific parameter list will be omitted in notification. Then the producer will send the notification by event exposure notify to the consumer.
· if the record indicating this subscription is a original subscription or if the record does not indicating any redundancy relationship for this subscription, the producer will send notification without simplification in the normal way to the consumer by event exposure notify, including all the necessary information corresponding to the event reporting.
By doing so, less redundant event report information needs to be sent in the notification to the consumers, i.e. the NWDAF instances.
3. Retrieval of the data at the consumer
When the consumer NF receives the event reporting notification associated with the redundant subscription, the consumer NF may decide when and how to retrieve the omitted information based on the redundancy relationship and the data accessibility to other NFs.
Taking the NWDAF instance as an example, the data accessibility between multiple NWDAF instances can be pre-configured. And the implementation of data retrieval may be implemented by the coordination between the multiple NWDAF instances.
The coordination between multiple NWDAF instances is FFS in KI#1.
4. Unsubscribing or subscription update
In case the Subscription Correlation ID is received in the unsubscribe/subscribe request:
· If the subscription associated with the Subscription Correlation ID is recorded as the original subscription in one or multiple redundancy relationships, when this original subscription is unsubscribed, all these redundancy relationships are removed from the record.

· If the subscription associated with the Subscription Correlation ID is recorded as the redundant subscription in the redundancy relationship, when this subscription is unsubscribed, the redundancy relationship is removed from the record.
6.X.2 Modification on Namf_EventExposure Service
Taking the Namf_EventExposure Service described in TS23.502 as an example for this solution, the modifications are highlighted as following.
6.X.2.1 Namf_EventExposure_Subscribe service operation

Service operation name: Namf_EventExposure_Subscribe.
Description: The consumer NF uses this service operation to subscribe to or modify event reporting for one UE, a group of UE(s) or any UE.

Input, Required: NF ID, Target of Event Reporting: UE(s) ID (SUPI or Internal Group Identifier or indication that any UE is targeted), ((set of) Event ID(s) defined in clause 5.2.2.3.1, Notification Target Address (+ Notification Correlation ID))s, Event Reporting Information defined in Table 4.15.1-1.

Input, Optional: (Event Filter (s) associated with each Event ID; Event Filter (s) are defined in clause 5.2.2.3.1, Subscription Correlation ID (in the case of modification of the event subscription), Expiry time, Accessible NF IDs.
NOTE: Accessible NF IDs is used for the AMF to check the redundancy relationship between this subscription and the existed subscription that subscribing the identical event report.
Output, Required: When the subscription is accepted: Subscription Correlation ID (required for management of this subscription), Expiry time (required if the subscription can be expired based on the operator's policy).
Output, Optional: First corresponding event report is included, if available (see clause 4.15.1), redundancy relationship.
The NF consumer subscribes to the event notification by invoking Namf_EventExposure to the AMF. The AMF allocates an Subscription Correlation ID for the subscription and responds to the consumer NF with the Subscription Correlation ID. UE ID identifies the UE, SUPI and/or GPSI. Event ID (see clause 4.15.1) identifies the events that the NF consumer is interested in. The Subscription Correlation ID is unique within the AMF Set.
The ((set of) Event ID(s), Notification Target Address (+ Notification Correlation ID)) helps the Event Receiving NF to co-relate a notification against a corresponding event subscription for the indicated Event ID.

In the case that the NF consumer subscribes to the AMF on behalf of other NF, the NF consumer include the Notification Target Address(+Notification Correlation ID) of other NF for the Event ID which is to be notified to other NF directly, and the Notification Target Address(+Notification Correlation ID) of itself for the Subscription Correlation ID change event. Each Notification Target Address(+ Notification Correlation ID) is associated with the related (set of) Event ID(s).When the Subscription Correlation ID change due to the AMF reallocation, the notification is sent to NF consumer which triggers this subscription.

Event filter may include "AN type(s)" as part of the list of parameter values to match, and it indicates to subscribe the event per Access Type.

Event receiving NF ID identifies the NF that shall receive the event reporting.
If the Accessible NF IDs is included in the input, the AMF performs a redundancy relationship check in order to find every valid historical event reporting subscription that subscribes the same event report as the current subscription does. This check can be made, for example, by looking for subscription whose Event ID, Event Filter Information, and if necessary, the identical Event Report Information are all identical to the ones of the current subscription.

Based on the result of the check, the AMF may get a list of historical event report subscriptions that subscribes the same event report as the current subscription does. For each of these historical subscriptions, the AMF check whether the Event receiving NF ID is matched with the Accessible NF IDs provided by the input of the current subscription request. If there is one or multiple matches, a redundancy relationship is recorded by the AMF. And within this record, the historical subscription is indicated as original subscription and the current subscription is indicated as redundant subscription.
NOTE: for one redundancy relationship, there can be more than one original subscriptions, but only one redundant subscription.

When the consumer NF needs to modify an existing subscription previously created by itself in the AMF, it invokes Namf_EventExposure_Subscribe service operation which contains the Subscription Correlation ID and the new Event Filters with Event ID to the AMF.
AMF will update the redundancy relationship record with the Subscription Correlation ID first:

· if the subscription associated with the Subscription Correlation ID is recorded as the only original subscription or one of multiple original subscriptions in one or multiple redundancy relationships, when this original subscription is unsubscribed, all these redundancy relationships are removed.

· if the subscription associated with the Subscription Correlation ID is recorded as the redundant subscription in one redundancy relationship, when this subscription is unsubscribed, the redundancy relationship is removed.

In case the accessible NF IDs is also provided in this Namf_EventExposure_Subscribe, the AMF check the redundancy relationship according to the Accessible NF IDs as above.
6.X.2.2 Namf_EventExposure_UnSubscribe service operation

Service operation name: Namf_EventExposure_UnSubscribe.
Description: The NF consumer uses this service operation to unsubscribe for a specific event for one UE, group of UE(s), any UE.

Input, Required: Subscription Correlation ID.

Input, Optional: None.
Output, Required: Operation execution result indication.
Output, Optional: None.
The NF consumer unsubscribes the event notification by invoking Namf_EventExposure_Unsubscribe (Subscription Correlation ID) to the AMF.
AMF checks redundancy relationship record with the Subscription Correlation ID:

· or one of multiple original subscriptions in one or multiple redundancy relationships, when this original subscription is unsubscribed, all these redundancy relationships are removed.

· if the subscription associated with the Subscription Correlation ID is recorded as the redundant subscription in one redundancy relationship, when this subscription is unsubscribed, the redundancy relationship is removed.

6.X.2.3 Namf_EventExposure_Notify service operation

Service operation name: Namf_EventExposure_Notify.

Service operation description: Provides the previously subscribed event information to the NF Consumer which has subscribed to that event before.
Input, Required: AMF ID (GUAMI), Notification Correlation Information, Event ID, corresponding UE(s) (SUPI(s) and if available GPSI(s)), time stamp.

Input, Optional: Event specific parameter list.
Output, Required: None.
Output, Optional: None.
When the AMF detects a UE access and mobility event corresponding to a Subscription, it invokes Namf_EventExposure_Notify service operation to the NF consumer(s) which has subscribed to the UE mobility event before. The event is notified towards the consumers for which the Event filters (which may include "AN type(s)") match. The Notification Target Address (+ Notification Correlation ID) indicates to the Event Receiving NF the specific event notification subscription. The event specific parameter indicates the type of mobility event and related information, e.g. Registration Area Update/new Registration Area.

The optional event specific parameter list provides the values that matched for generating the event notification. The parameter values to match are specified during the event subscription (see clause 5.2.2.3.2). For example if the event type reported is "AN change", the event specific parameter list contains the value of the new AN.

According to the redundancy relationship record, if the subscription is a redundant subscription, the optional event specific parameter list is omitted.
6.X.3
Impacts on services, entities and interfaces
· Impact on services:

· the Namf_EventExposure services needs modification to support the redundancy relationship check and notification simplifying.

· the modification of the event exposure services of other NFs are FFS
· Impact on NWDAF:
· The data accessibility to other NWDAF instances needs to be pre-configured.

· The coordination between multiple NWDAF instances is needed.
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