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[bookmark: _Hlk526665839]Abstract of the contribution: This paper introduces a solution for Key Issue #11: Increasing efficiency of data collection to the TR 23.700-91.
Discussion
[bookmark: _Hlk35194637][bookmark: _Hlk23857432]TS 23.288 [4] defines a solution that enables NWDAF (or any other consumer of event exposure, for example, DCCF) to collect data from NFs for analytics purposes. For collecting data from NFs via existing NF exposure services the NWDAF may subscribe/unsubscribe at the relevant NFs to be notified on related events. 
The NWDAF must thus interact with the relevant NFs to request or subscribe to the exposure services for data collection and, in order to generate the requested analytic reports from the collected user data, the NWDAF may need to collect relevant user data continuously, such as several days, weeks, etc.
During this time, however, the UE may attach/detach from the network, Protocol Data Unit (PDU) sessions may be established/released, and NFs allocated to the UE may change due to UE mobility, for example, such that the subscriptions to the exposure services may get lost over time.
Although 3GPP currently defines a procedure for AMF event exposure services to allow that subscriptions to events in an AMF are transferred to a target AMF in case the UE moves and gets reallocated to the target AMF, that procedure only provides a solution for the mobility problem with respect to AMFs. However, that solution does not allow maintaining event exposure subscriptions if the UE deregisters and reregisters with the network, or if PDU sessions are entirely released and reestablished, in which case all event exposure subscriptions will generally be lost. Also, such solution does not allow maintaining event exposure subscriptions if an SMF and UPF allocated to a PDU session are reassigned due to mobility of the UE to a closer SMF and UPF, for example. In these cases, the NWDAF will no longer get any notifications for data collection and it will not be able to provide accurate analytics reports anymore.
With Release 16 procedures, an NWDAF could use the Nudm_UECM_Get operation from time to time in order to interrogate UDM about the AMF and SMFs that are serving a UE. But a subscription/notification operation is not even defined in the Nudm_UECM service in Release 16, making, in this case, NWDAF to periodically poll UDM in order to keep track of changes of AMF and SMF In case NWDAF is informed of a change in these NFs, NWDAF should send a new event subscription to the newly selected network function. This solution adds quite a substantial overhead to the NWDAF.
Observation 1: Some NFs serving a UE, such as AMF and SMF, may change due to UE mobility, UE (de)registration, etc. 
Observation 2: When a new NF (e.g., I-SMF, V-SMF, PCF) takes over another one, with the exception of an AMF transfer procedure, the target NF does not become aware of existing Event Exposure subscriptions. Therefore, NWDAF will no longer receive notifications.
Observation 3: If the UE de-registers, and then registers again, and a new AMF is serving the UE, the event subscriptions are lost and NWDAF will not get notifications of events.
Proposal: This contribution extends the existing Release 16 mechanisms for creating permanent event exposure subscriptions in AMF and SMF. The mechanism enables UDM to receive event exposure subscriptions from NWDAF. UDM is enhanced by keeping track of new AMF and SMF serving the UE, so that UDM can recreate event exposure subscription in new NFs if needed. This solution is applicable to NFs that are dynamically selected at UE registration (AMF) or PDU Session activation (SMF) or those which may be change due to, e.g., UE mobility.
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Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next (All new text) ***
[bookmark: _Toc23409918][bookmark: _Toc25416989][bookmark: _Toc25417344][bookmark: _Toc25417812][bookmark: _Toc25740479]6.X	Solution X: Persistent data collection
[bookmark: _Toc326248710][bookmark: _Toc20147942][bookmark: _Toc20730728][bookmark: _Toc23409919][bookmark: _Toc25416990][bookmark: _Toc25417345][bookmark: _Toc25417813][bookmark: _Toc25740480]6.X.1	Description
6.X.1.1	Overview
This is a solution for Key Issue #11, Increasing efficiency of data collection.
TS 23.288 [5] defines a solution that enables NWDAF (standalone or supported by DCCF, as described in Solution #9) to collect data from NFs for analytics purposes. For collecting data from NFs via existing NF exposure services, the NWDAF may subscribe/unsubscribe at the relevant NFs to be notified on related events. 
The NWDAF must interact with the relevant NFs (e.g., AMF, SMF) to request or subscribe to the exposure services for data collection and, in order to generate the requested analytic reports from the collected user data, the NWDAF may need to collect relevant user data continuously, such as several days, weeks, etc.
During this time, however, the UE may attach/detach from the network, PDU sessions may be established/released, and NFs serving a UE may change due to UE mobility, such that the subscriptions to the exposure services may get lost over time.
Although 3GPP currently defines a procedure for AMF event exposure services to allow that subscriptions to events in an AMF are transferred to a target AMF in case the UE moves and gets reallocated to the target AMF, that procedure only provides a solution for the mobility problem with respect to AMFs. However, that solution does not allow maintaining event exposure subscriptions if the UE deregisters and reregisters with the network, or if PDU sessions are entirely released and reestablished, in which case all event exposure subscriptions will generally be lost. Also, such solution does not allow maintaining event exposure subscriptions if an SMF and UPF allocated to a PDU session are reassigned due to mobility of the UE to a closer SMF and UPF, for example. In these cases, the NWDAF will no longer get any notifications for data collection and it will not be able to provide accurate analytics reports anymore.
With Release 16 procedures, an NWDAF could use the Nudm_UECM_Get operation from time to time in order to interrogate UDM about the AMF and SMFs that are serving a UE. But a subscription/notification operation is not even defined in the Nudm_UECM service in Release 16, making, in this case, NWDAF to periodically poll UDM in order to keep track of changes of AMF and SMF (and indirectly, UPF). In case NWDAF is informed of a change in these NFs, NWDAF should send a new event subscription to the newly selected network function. This solution adds quite a substantial overhead to the NWDAF.
This contribution solution extends the existing Release 16 mechanisms for creating permanent event exposure subscriptions in AMF and SMF. The mechanism enables UDM to receive event exposure subscriptions from NWDAF. UDM is enhanced by keeping track of new AMF and SMF serving the UE, so that UDM can recreate event exposure subscription in new NFs if needed This solution is applicable to NFs that are dynamically selected at UE registration (AMF) or PDU Session activation (SMF) or those which may be change due to, e.g., UE mobility. This solution is applicable to individual SUPIs or a group of SUPIs. If NWDAF includes an Area of Interest in the subscription to UDM, UDM passes it transparently to the relevant network functions.

6.X.1.2	Procedure for the creation or deletion of a persistent Event Exposure subscription
Figure 6.X.1.2-1 illustrates the procedure for the creation or deletion of a persistent Event Exposure subscription. The procedure is based on the existing one in TS 23.502 [3] clause 4.15.3.2.3.


Figure 6.X.1.2-1: Persistent Event Exposure Subscription Creation/Deletion
1.	NWDAF, (or any other consumer of Event Exposure) creates an Event Exposure subscription and sends an Nudm_EventExposure_Subscribe/Unsubscribe request to UDM. If the NWDAF intends the subscription to be persistent across registration/de-registration of the UE, and transfer of UE context to another NF, the NWDAF includes a Persistent indicator flag. The Persistent indicator flag is used to guarantee backward compatibility with existing Release 16 procedures.	Comment by Nokia_r01: Removed based on discussion on mailing list
2.	UDM examines the event type to determine whether an event exposure subscription must be created in AMF or SMF. If an event exposure subscription must be created in the AMF an as one is currently allocated to the UE (e.g, because the UE is currently registered), AMF UDM sends an Namf_EventExposure Subscribe/Unsubscribe to the AMF.
3.	The AMF sends a response. The AMF may decline the subscription if, e.g., an existing duplicated subscription for the same UE is in place. This might be the case if the UE event exposure subscription was transferred from an old AMF.
4.	If UDM determines that an event exposure subscription must be created in SMF, UDM sends an Nsmf_EventExposure Subscribe/Unsubscribe request to the relevant SMFs handling PDU sessions of the UE. 
5.	SMF sends a response to UDM.
6.	UDM sends an Nudm_EventExposure Subscribe/Unsubscribe response to the NWDAF.


6.X.1.3	Procedure for restoring an existing Event Exposure Subscription
Figure 6.X.1.3-1 illustrates the procedure for the restoring a persistent Event Exposure subscription when a new NF is elected to be serving a UE.



Figure 6.X.1.3-1: Event Exposure Subscription Restoration
1.	When AMF or SMF are elected to be serving a UE, they send an Nudm_UECM_Registration request to UDM. This may be due to, e.g., a new registration of the UE in AMF, the creation of a new PDU session, an AMF transfer, an SMF transfer, etc.
2.	UDM sends a response to the NF. 
3.	Then UDM determines if a persistent event exposure subscription is in place for this UE and applicable to the type of NF which is registering in UDM.
4.	If a persistent event subscription is applicable to the UE and type of NF, UDM sends an Nnf_EventExposure Subscribe request to that NF.
5.	The NF sends a response.

[bookmark: _Toc326248711][bookmark: _Toc20147943][bookmark: _Toc20730729][bookmark: _Toc23409920][bookmark: _Toc25416991][bookmark: _Toc25417346][bookmark: _Toc25417814][bookmark: _Toc25740481]6.X.2	Impacts on Existing Nodes and Functionality
- NWDAF: New flag in UDM Event Exposure subscription indicating persistence. 
- UDM: Upon registration of a new NF for a UE, determination of whether an event exposure subscription must be recreated.
*** End of changes ***
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