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[bookmark: _Hlk514274591]Abstract of the contribution: this contribution proposes a solution to allow one NWDAF to transfer its analytics to another NWDAF. 
[bookmark: _Hlk520730635]1		Discussion
One investigation point for Key Issue 2: Multiple NWDAF instances is the following:
"-	Study whether data collection and/or analytics generation can be enhanced in multiple NWDAFs case, e.g. whether NWDAFs can cooperate with each other. If yes, study how to achieve a specific data collection and/or analytics generation target (e.g. for specific target UEs or specific area of interest) with multiple NWDAFs."
In multiple NWDAFs deployment scenario, it is possible that, within the time period of data collection and analytics, NWDAF is required to handover its analytics to other NWDAF or NWDAF is required to offload some of its analytics to other NWDAF. Some examples:
-	One NWDAFx is serving a specific area (a set of TAIs, e.g. TAI-1) and is doing analytics for a UE registered in TAI-1. As long as the UE is located within TAI-1, UE specific analytics (e.g. UE mobility or UE communication analytics) can be performed by NWDAF1. At some point, the UE can move to a different TAI-2 which is not served by NWDAF1 but rather served by another NWDAFy. In this case, NWDAFy needs to start collecting and providing UE specific analytics for the UE, somehow taking over from NWDAFx.
-	NWDAFx gracefully shuts down, and another NWDAF must take over the existing task / analytics generation performed by NWDAF1.
-	NWDAFx gets overloaded and wants to offload some analytics to other NWDAF(s).
All these scenarios call for a mechanism to allow one NWDAF to transfer or handover its ongoing analytics to another NWDAF. The transfer or handover can be done once the initial NWDAF can no longer progress the analytics, e.g. for specific area(s) and/or specific UE(s). Alternatively, the transfer could be prepared if the initial NWDAF anticipates that it will soon not be able to continue the analytics tasks that it has been requested for.
2	Proposal
It is proposed to update TR 23.700-91 as follows.

*** Start Change – all new text ***
[bookmark: _Toc31096565]6.X	Solution #X: Analytics handover
6.X.1	Introduction
This solution addresses aspects of KI #2: Multiple NWDAF instances, in particular on how data collection and/or analytics generation can be enhanced in multiple NWDAFs case, e.g. whether NWDAFs can cooperate with each other. 
In multiple NWDAFs deployment scenario, it is possible that, within the time period of data collection and/or analytics, NWDAF is required to handover its analytics to other NWDAF or NWDAF is required to offload some of its analytics to other NWDAF. Some examples:
-	One NWDAF1 is serving a specific area (a set of TAIs, e.g. TAI-1) and is doing analytics for a UE registered in TAI-1. As long as the UE is located within TAI-1, UE specific analytics (e.g. UE mobility or UE communication analytics) can be performed by NWDAF1. At some point, the UE can move to a different TAI-2 which is not served by NWDAF1 but rather served by another NWDAF2. In this case, NWDAF2 needs to start collecting and providing UE specific analytics for the UE, somehow taking over from NWDAF 1.
-	NWDAF1 gracefully shuts down, and another NWDAF must take over the existing task / analytics generation performed by NWDAF1.
-	NWDAF1 gets overloaded and wants to offload some analytics to other NWDAF(s).
NOTE:	NWDAF instances may belong to an NWDAF Set as described in clause 5.21.3 of TS 23.501 [2]. In that case, a NF can be replaced by an alternative NF within the same NF Set in the case of scenarios such as failure, load balancing, load re-balancing, as the NF instances within the Set share the same context data. The focus of this solution, however, is on scenarios where a) NWDAF instances are not deployed as a Set, b) NWDAF instances do not belong to the same Set (e.g. as they are serving different areas), or c) as it is required to hand over from an NWDAF instance in one Set to another NWDAF instance in another Set (e.g. after a failure of multiple NWDAF instances in a Set, some of the load may need to be offloaded to another NWDAF Set).
To address these scenarios, a mechanism is proposed to allow one NWDAF to transfer or handover its ongoing analytics to another NWDAF. The transfer or handover can be done once the initial NWDAF can no longer progress the analytics, e.g. for specific area(s) and/or specific UE(s). This is depicted in procedure defined in clause 6.X.2.1. Alternatively, the transfer could be prepared if the initial NWDAF anticipates that it will soon not be able to continue the analytics tasks that it has been requested for, as per procedure in clause 6.X.2.2.
6.X.2	Procedures
6.X.2.1	Analytics handover procedure
Figure 6.X.2.1-1 depicts the procedure when an NWDAF hands over its analytics to another NWDAF after it realizes that it can no longer cover the ongoing analytics.




Figure 6.X.2.1-1: Analytics handover procedure for UE related analytics
1.	Consumer NF subscribes using Nnwdaf_AnalyticsSubscription_Subscribe Request message to NWDAFx for certain analytics, e.g., UE mobility or UE Communication, for a specific UE. NWDAFx responds to the request from Consumer NF via Nnwdaf_AnalyticsSubscription_Subscribe Response.
2.	NWDAFx starts performing requested analytics and collecting required data. This step may also already trigger some notifications to consumer NF (not shown in the figure for simplicity) if, e.g., the subscription is for periodic notification on UE location estimates.
3.	NWDAFx decides to handover the analytics to another NWDAF. Possible triggers could be graceful shutdown for NWDAFx, or overload situation for NWDAFx, or the UE is moving to an area not covered by NWDAFx.
NOTE 1:	The NWDAFx can find out that the UE has moved to an area not covered by NWDAFx by subscribing to Namf_EventExposure service. This is not shown in the figure, but this can be done as soon as NWDAFx receives request in step 1, e.g. as part of data collection phase for the analytics. 
4.	The NWDAFx needs to discover via NRF the most suitable NWDAF that can serve the Consumer NF request received in step 1. If the UE is moving to an area not covered by NWDAFx the NWDAFx discovers the most appropriate NWDAF based on the new location for the UE.
5.	NWDAFx subscribes, using Nnwdaf_AnalyticsSubscription_Subscribe Request, to NWDAFy, and in order to inform NWDAFy that this subscription is specific for a handover, NWDAFx includes a handover indication. NWDAFx also provides analytics context information, which contains initial subscription information from consumer NF as per step 1, possible historical data that NWDAFx has for the analytics (e.g. events collected by NWDAFx, time period for collection, NFs contacted for data collection…), and possible analytics outputs information (e.g. last report provided to consumer NF, latest analytics available with associated metadata such as confidence level or number of inputs analysed). NWDAFy responds to the request from NWDAFx via Nnwdaf_AnalyticsSubscription_Subscribe Response.
NOTE 2:	Alternatively, context transfer, such as sharing the historical data for data collection, analytics metadata, etc. may be realized by specializing the existing Network Function/NF Service Context Transfer (as described in TS 23.501 [2] clause 5.21.4 and further specified in TS 23.502 clause 4.26) for NWDAF.
NOTE 3:	NWDAFy will allocate a new subscription Id, if necessary, following the behaviour of AmfEventSubscription as specified in TS 29.518 [y] clause 6.2.6.2.2 and UEContextTransfer as specified in TS 29.518 [y] clause 5.2.2.2.1.1.
6.	NWDAFy takes over the analytics generation based on information received at step 5 from NWDAFx.
7.	NWDAFy will immediately send the new subscription Id (see NOTE 3) to the notification endpoint for informing the subscription Id creation, along with the notification correlation Id. The notification correlation information allows the Consumer NF to correlate the notifications to the initial subscription request made in step 1.
8.	NWDAFy at some point derives new Output Analytics based on new input data.
9.	NWDAFy at some point notifies about the Consumer NF about the new analytics. 
6.X.2.2	Prepared analytics handover procedure
Figure 6.X.2.2-1 depicts the procedure when an NWDAF prepare for handing over its analytics to another NWDAF.




Figure 6.X.2.2-1: Prepared analytics handover procedure for UE related analytics
1.	Consumer NF subscribes using Nnwdaf_AnalyticsSubscription_Subscribe Request message to NWDAFx for certain analytics, e.g., UE mobility or UE Communication, for a specific UE. NWDAFx responds to the request from Consumer NF via Nnwdaf_AnalyticsSubscription_Subscribe Response.
2.	NWDAFx starts performing requested analytics and collecting required data. This step may also already trigger some notifications to consumer NF (not shown in the figure for simplicity) if e.g. the subscription is for periodic notification on UE location estimates.
3.	As part of ongoing analytics, NWDAFx estimates that the UE may enter an area which is not covered by NWDAFx (e.g. by subscribing to AMF or to other NWDAF providing UE mobility analytics).
4.	The NWDAFx needs to discover via NRF the NWDAFy and NWDAFz that cover the potential new area which the UE may enter.
5-6. NWDAFx subscribes, using Nnwdaf_AnalyticsSubscription_Subscribe Request, to NWDAFy and NWDAFz, and in order to inform NWDAFy and NWDAFz that this subscription is specific for a prepared handover, NWDAFx includes a prepared handover indication. NWDAFx also provides analytics context information, which contains initial subscription information from consumer NF as per step 1, possible historical data that NWDAFx has for the analytics (e.g. events collected by NWDAFx, time period for collection, NFs contacted for data collection…), and possible analytics outputs information (e.g. last report provided to consumer NF, latest analytics available with associated metadata such as confidence level or number of inputs analysed). NWDAFy and NWDAFz respond to the request from NWDAFx via Nnwdaf_AnalyticsSubscription_Subscribe Response.
NOTE 1:	Alternatively, context transfer, such as sharing the historical data for data collection, analytics metadata, etc. may be realized by specializing the existing Network Function/NF Service Context Transfer (as described in TS 23.501 [2] clause 5.21.4 and further specified in TS 23.502 clause 4.26) for NWDAF.
NOTE 2:	NWDAFy will allocate a new subscription Id, if necessary, following the behaviour of AmfEventSubscription as specified in TS 29.518 [y] clause 6.2.6.2.2 and UEContextTransfer as specified in TS 29.518 [y] clause 5.2.2.2.1.1.
	NWDAFy and NWDAFz may start preparing data collection and analytics generation phase based on information received from NWDAFx.
7.	NWDAFx gest confirmation that the UE has moved to an area not covered by NWDAFx but covered by NWDAFy and NWDAFz.
NOTE:	The NWDAFx can find out that the UE has moved to an area not covered by NWDAFx by subscribing to Namf_EventExposure service.
[bookmark: _GoBack]8-910. NWDAFx subscribes, using Nnwdaf_AnalyticsSubscription_Subscribe, to NWDAFy, and in order to inform NWDAFy that this subscription is specific for a handover, NWDAFx includes a handover indication. NWDAFx also provides analytics context information as "delta" information between the context shared at step 5 and any additional information / data collected or generated by NWDAFx between step 5 and step 8. NWDAFy takes over the analytics generation based on information received from NWDAFx and informs the Consumer NF about it (see also NOTE 2).
101.	NWDAFx unsubscribes, using Nnwdaf_AnalyticsSubscription_UnSubscribe Request, towards NWDAFz, with a handover cancel indication. NWDAFz responds to NWDAFx.
112-13.	NWDAFy at some point derives new Output Analytics based on new input data and notifies about the Consumer NF about the new analytics. Notification correlation information allows the Consumer NF to correlate the notifications to the initial subscription request made in step 1.
6.X.3	Impacts on services, entities and interfaces
NWDAF to NWDAF communication:
-	NWDAF Nnwdaf_AnalyticsSubscription service enhanced to allow one NWDAF to inform another NWDAF about an analytics handover, a prepared analytics handover or a cancelled analytics handover.
-	NWDAF Nnwdaf_AnalyticsSubscription service enhanced to allow NWDAFs sharing historical data for data collection and analytics outputs together with analytics metadata. Alternatively, existing Network Function/NF Service Context Transfer, as described in TS 23.501 clause 5.21.4 and further specified in TS 23.502 clause 4.26, can be specialized for NWDAF.

*** End Change ***
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