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Abstract of the contribution: This document proposes a categorization of solutions marked as related to Key Issue #2.
[bookmark: _Hlk514274591][bookmark: _Hlk520730635]1		Discussion
According to TR 23.700-91 V1.0.0 the following solutions are marked as being related to KI#2. Several of the solutions have overlap with other KIs, in particular K#11 (9 solutions) on increasing efficiency of data collection. There are also some solutions with implications on K#1 for logical decomposition of NWDAFs (5 solutions). These solutions are not the subject of this discussion paper and those aspects will be addressed in K#1 and KI#11 evaluations and conclusions accordingly.
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Given that many solutions to be addressed for K#2 and considering the diverse set of angles that solutions were proposed from, we do not see it very feasible to do solution merging for the above KI (at least not in the present form). Instead, we propose to identify a list of categories (e.g. based on technical issues and key aspects to be addressed for the above) to resolve this situation. 
This contribution proposes to group the solutions into different categories and provides an overview of the solutions based on key aspects of the solutions.
The descriptions in the tables are intended as a neutral summary of the different solutions and their impacts. The tables are not intended as evaluation or conclusion.

*** Next Change (all new text) ***
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7.2.1 Solution categorisation
This clause lists all solutions mapped to solution #2 and provides an overview of key aspects of the solutions. The solutions are thereby categorized into different groups based on the aspects that they address.
Table 7.2-a provides a list of key aspects described in the solutions, identifies the main Key Issue related to this particular aspect, and lists solutions that cover this aspect.
Table 7.2-a Solutions introducing hierarchical NWDAF deployment
	Key aspect of the solution
	Addressing KI
	Suggestive solution mapping

	Data Collection / Data Collection Coordination Function, Data Storage Function
	KI#11
(see clause 7.11)
	Sol. #9, #15, #22, #35, #39

	Efficient data collection (without dedicated Function)
	KI#11
	Sol. #16, #18, #58

	Hierarchical NWDAF architecture with focus on interaction of NWDAFs (see table 7.2.x)
	K#2
	Sol. #11, #16, #17, #18, #53

	Hierarchical NWDAF architecture with focus on Analytics / data aggregation (see table 7.2.b)
	KI#2
	Sol. #10, #12, #14, #19, #21, #23, #60, #69

	Reselection Aspects (see table 7.2-y)
	KI#2
	Sol. #10 (clause 6.10.2.4), #26, #57, #59

	Specific aspects of NWDAF interactions (see table 7.2-z):

	Time coordination
	KI#2
	Sol. #13

	Abnormal Behaviour interactions
	KI#2
	Sol. #20

	Federated Learning, Trained ML model sharing 
	KI#2, KI#19
	Sol. #24, #56

	Exposing UE mobility analytics
	KI#2
	Sol. #25



7.2.2 Solution evaluation per category
Solutions #9, #15, #22, #35, #39, and #58 assume a setup with multiple NWDAF instances, therefore are marked as related to Key Issue #2, while the solutions mainly concern introducing a functionality or new NF targeting efficient data collection, storage, and/or coordination. These solutions can be applied to any kind of multiple NWDAF deployment. The solutions should be discussed in detail as part of evaluation on Key Issue #11, and therefore are skipped in this evaluation on Key Issue #2 related aspects.
Table 7.2-x lists solutions focusing on the interaction of NWDAFs in a hierarchical NWDAF architecture, in order to support collection and aggregation of data and/or Analytics at higher layer / Central NWDAFs:
Column "Architecture" indicates whether the the solution assumes a distributed and/or hierarchical NWDAF architecture.
Column "Data collection and/or Analytics aggregation" indicates whether the solution targets collection and/or aggregation of data and/or Analytics.
Column "Impacts to NWDAF" indicates changes required to the NWDAF as specified in Rel-16.
Column "Impacts to NWDAF registration" indicates where the NWDAF registers (e.g. in NRF, UDM) its capabilities. This is in addition to "regular" NWDAF registration in NRF like any other NF. The column lists additional information registered for the NWDAF besides the information already specified in TS 23.288.
Column "Impacts to other entities" lists impacts to other NFs than NWDAF and NRF.
NOTE:	The solutions use different terminology to indicate whether an NWDAF is on a higher / top / upper / 1st layer vs. lower / bottom / 2nd layer of the hierarchy, while other solutions use "central NWDAF" vs "distributed NWDAF". Table 7.2-x tries to align the terminology used in the different solutions.
Table 7.2-x Solutions focusing on the NWDAF interactions in hierarchical NWDAF architecture
	Sol#
	Architecture
	Data collection and/or Analytics Aggregation
	Impacts to NWDAF
	Impacts to NWDAF registration
	Impacts to other entities

	11
	Hierarchical (2 layers).

Low layer NWDAFs serve specific NFs.
	Top layer NWDAF collects and aggregates Analytics from distributed NWDAFs.
	Top layer NWDAF registers low layer NWDAFs and controls their cooperation.
	Top layer NWDAF registers in NRF.

Low layer NWDAF registers with top layer NWDAF or with NRF.
	

	16
	Hierarchical with dynamic NWDAF to hierarchy mapping.
	Higher layer NWDAF can perform data collection on behalf of lower layer NWDAFs if multiple NWDAF in lower layer need the data.
	Coordination for data collection using "local mapping mechanism".

DCCF functionality. See note x.

Expose collected data.

Maintain hierarchy information.
	NWDAFs query NRF to identify other NWDAFs in upper and lower layers.
	NWDAF service consumers subscribe to lower layer NWDAF. 

	17
	Hierarchicalwith dynamic NWDAF to hierarchy mapping.
	Higher layer NWDAF collects plain data (mode #1), aggregated data (mode #2), Analytics Output (mode #3), or a mix (mode #4).
	Expose collected data.

Aggregate Analytics.
	NRF is extended to identify the lowest possible NWDAF in the hierarchy matching the consumer request.
	

	18
	Hierarchicalwith dynamic NWDAF to hierarchy mapping.
	Higher layer NWDAF may obtain data from lower layer NWDAFs if data is already collected in lower layer NWDAFs.
	Coordination for data collection using "local mapping mechanism".

DCCF functionality. See note x.

Expose collected data.

Maintain hierarchy information.
	NWDAFs query NRF to identify other NWDAFs in upper and lower levels.
	NWDAF service consumers subscribe to top layer NWDAF.

	53
	Distributed or hierarchical.
	Option 1: Central NWDAF collects analytics and/or data from distributed NWDAFs.

Option 2: Distributed NWDAFs cooperate with each other.

See note y.
	Exchange profile, load information with other NWDAF.

Transfer analytics data and collected data.
	
	

	NOTE x:	The aspect of "DCCF" is proposed to be studied in clause 7.11.
NOTE y:	The solution introduces a hierarchical vs. distributed NWDAF architecture, while it does not provide details on the coordination among NWDAF instances.



Table 7.2-b lists solutions that are focusing on the Analytics / data aggregation in a hierarchical NWDAF architecture.  In these solutions, some of the NWDAFs in one network may be providing the same type of analytics, and so may help each other for e.g. specific analytics for specific target UEs or specific analytics for specific area of interest. Thereby, e.g., a Central/ Higher NWDAF may aggregate analaytics per analytics ID from lower layer / distributed NWDAFs, each covering specific TAs out of the area of interest for the NWDAF service consumer.
NOTE:	In the solutions referring to Central vs. distributed NWDAFs, a Central NWDAF can be "the distributed NWDAF" in another Central NWDAF – distributed NWDAF relationship, therefore, the number of layers in the hierarchy is not limited to 2 layers.
Table 7.2-b Solutions focusing on Analytics / data aggregation in hierarchical NWDAF architecture
	Sol#
	Architecture
	Data collection and/or Analytics Aggregation
	Impacts to NWDAF
	Impacts to NWDAF registration
	Impacts to other entities

	10
	Distributed or hierarchical.
	Central/distributed NWDAF collects and aggregates Analytics and related metadata from distributed NWDAFs.

Works with and without DCCF.
	Add Analytics ID/request for UE related Analytics in request to DCCF.

Distr. NWDAF is close to data source and may purge data/statistics if subscription is terminated.

Central NWDAF may collect data/analytics for longer time.
	Additional registration in UDM for UE related Analytics
(registration includes UE IDs it is serving).

Enhanced Nudm_UECM procedure.
	NWDAF service consumer: discover NWDAF serving a UE.

PCF: Extend Npcf_AMPolicy Control and Npcf_SMPolicyControl.

AMF + SMF: Report NWDAF serving the UE to the PCF.

	12
	Hierarchical.

Low layer NWDAFs are co-located with NF.
	Higher layer NWDAF collects and aggregates Analytics from lower layer NWDAFs.
	Register capabilities and co-located NFs in NRF.

Aggregate analytics data.

Expose collected data.
	NWDAF registers its capabilities in NRF (e.g. data collection, data storage, training, analytics generation).
	

	14
	Distributed (option A) or hierarchical (other options).
	Option A: NWDAF consumer aggregates Analytics.

Other options: Central NWDAF collects and aggregates Analytics from distributed NWDAFs.
	Aggregate Analytics (except option A).

	NWDAF registers its capabilities in NRF (except option A).
	NWDAF service consumer does Analytics aggregation (options A, F) or provides list of applicable distributed NWDAFs in request to Central NWDAF (options B and C).

	19
	Hierarchical.
	Central NWDAF collects and aggregates Analytics from distributed NWDAFs.
	Aggregate Analytics.

Support Analytics aggregation with dataset statistical properties and output strategy.
	
	NWDAF service consumers (if capable to aggregate multiple analytics outputs) may subscribe to multiple NWDAFs with baseline parameters.

	21
	Hierarchical.

Low layer NWDAFs are co-located with NF.
	Higher layer NWDAF collects pre-pocessed data from lower layer NWDAFs.
	NWDAF Profile includes NF ID when co-located with a NF.

Expose collected and pre-processed data on behalf of co-located NF.
	Add NF instance ID to NWDAF Profile in NRF.
	

	23
	Hierarchical.
	Central NWDAF collects data and/or analytics from distributed NWDAFs.
	Expose collected data.
	
	

	60
	Hierarchical.
	Central NWDAF collects and aggregates Analytics and related metadata from distributed NWDAFs.
	Aggregate Analytics using analytics metadata.

Expose analytics metadata.
	Register Aggregation and/or metadata exposure capability.
	

	69
	Distributed or hierarchical.

Disallows overlapping serving areas for distributed NWDAFs.
	Central NWDAF collects and aggregates Analytics from distributed NWDAFs.

Central NWDAF may collect data/analytics for non-latency sensitive use cases.
	Support 2-layer hierarchy.

Distr. NWDAF is close to data source, focuses on UPF, and may purge data/statistics if the subscription is terminated.
	Additional registration in UDM for UE related Analytics (registration includes UE IDs it is serving).

Enhanced Nudm_UECM procedure.
	NWDAF service consumer: discover NWDAF serving a UE.

PCF: Extend Npcf_AMPolicy Control and Npcf_SMPolicyControl.

SMF: Report the NWDAF serving the UE to the PCF.



Table 7.2-y lists solutions that concern with the re-selection of NWDAFs, e.g., in case of mobility. Those solutions assume a setup with multiple NWDAF instances, therefore are marked as related to Key Issue #2, while the solutions focus on NWDAF re-selection and context handover aspects, and therefore can be applied to any kind of NWDAF architecture. Main differences are in the services used for the re-selection and in which entity is triggering the re-selection and informing the service consumer.
[bookmark: _Hlk52550188]Table 7.2-y Solutions concerning re-selection of NWDAF
	Sol.
	Aspect covered
	Impact to NWDAF
	Impact to other NFs
	Additional notes

	10
	Without DCCF:
Re-selection of NWDAF triggered by AMF handover (clause 6.10.2.4).

With DCCF:
Re-selection of NWDAF is using knowledge in DCCF.
	Re-use request/response service operations to transfer UE related statistics
	Without DCCF:
Extend AMF services to inform target AMF about the NWDAF ID used by the source AMF for UE related Analytics.

Target AMF determines whether to keep source NWDAF instance or select new target NWDAF instance.

With DCCF:
Extend to inform DCCF on what UE related Analytics ID is used in which NWDAF.

Utilize knowledge DCCF has when switching NWDAFs.
	Without DCCF:
Source AMF (as NWDAF service consumer) determines and triggers NWDAF re-selection.

Target NWDAF requests UE related statistics from source NWDAF.

With DCCF:
DCCF has knowledge on what source NWDAF has been used for UE related Analytics IDs.

	26
	Re-selection of NWDAF.
	New service to:
- transfer subscription data 
- transfer analytics data and collected data
	NWDAF service consumer: support subscription renewal with new NWDAF instance.

New parameter for Notify message indicating reselection of NWDAF instance.
	Source NWDAF determines and triggers NWDAF re-location.

Source NWDAF informs the NWDAF service consumer about the new NWDAF ID that will serve the consumer.

	57
	Re-selection of NWDAF in case of UE mobility.
	New service to:
- transfer subscription data
- transfer analytics data and collected data
	NWDAF service consumer: support subscription renewal with new NWDAF instance.
	Source NWDAF triggers the re-location.

Target NWDAF informs the NWDAF service consumer about the handover.

	59
	Re-selection of NWDAF based on trigger or for handover preparation.
	Extend subscription service to:
- inform other NWDAF about analytics handover or prepared/canceled handover
- transfer subscription data
- transfer analytics data and collected data
	
	Source NWDAF determines and triggers the analytics handover or the prepared analytics handover.

Target NWDAF informs the NWDAF service consumer about the completed handover.



Table 7.2-z lists solutions describing another specific aspect of NWDAF interactions and can be realized in both distributed and hierarchical NWDAF deployments. Solutions in this table should be evaluated based on the specific aspect that they are addressing.
Table 7.2-z Solutions on specific aspects of NWDAF interactions
	Sol.
	Aspect described in solution
	Impact to NWDAF
	Impact to other NFs

	13
	Time coordination.
	Include revised waiting time in error response
	

	20
	Abnormal behaviour Analytics interactions.
	Provide observed time window for abnormal behavior.

Obtain abnormal UE list and related analytics.

Determine when abnormal situation occurs and when it is resolved.

Train a new model and generate new Analytics in case of abnormal behavior situation.
	

	25
	UE mobility analytics exposure.
	Store UE mobility analytics for certain time, e.g., 2 weeks.

See note x.
	See note x.

	24
	Federated Learning.
	Federated Learning, incl. determining and distributing the initial Federated Learning parameters.

Expose/collect and aggregate ML model and local ML model information to perform Federated Learning among the NWDAFs.
	NRF: Register NWDAF capability to support Federated Learning.

	56
	Trained ML model sharing.
	Expose/receive trained model/parameters.

NWDAF Profile in NRF includes provided ML models.
	

	NOTE x:	The solution does not provide an Impacts clause.
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