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1. Introduction

SA2 are now studying on enhancement of Enablers for Network Automation for 5G (FS_eNA_ph2 SID) within the release 17 version of the 3GPP specifications. In the near future, the stage 3 work is to be developed by CT WGs.
This paper attempts to describe the status of FS_eNA_ph2 work under SA2 responsibility, and analyse potential stage 3 CT WGs impacts.

2. Analysis of FS_eNA_ph2 status
The objective of stage 2 study work is to further study the potential enhancements and new scenarios for network data analytics as described in the SID [1] which covers follow four parts:

· Objective 1: The following key issues remaining from R16

· KI#13: UE driven analytics

Note: The method of collection of Data from UE for KI 13 will be investigated after MDT work of TSG RAN is completed for RAN impacting parameters.

· KI#14: How to ensure that slice SLA is guaranteed

· Which data from UPF can be used by NWDAF (e.g. applications, other user data characteristics)

Note: For this issue the study will only focus on the definition of detailed parameters per use cases. 
· Objective 2: Study whether we need the following functionalities and derive the related architecture enhancement to support:

· Multiple NWDAF Instances in one PLMN including hierarchies, roles and inter-NWDAF instance cooperation

· Study whether changes to existing interfaces or new interfaces between NWDAF instances or components are needed to be specified accordingly.

· Objective 3: Rel-16 NWDAF features enhancement: 

· Enabling real-time or near real-time NWDAF communication, including mechanism for data collection

· NWDAF-Assisted UP Optimization

· Minimization of the load generated by NWDAF data collection 

· Objective 4: New key issues: 

· Interaction between NWDAF and AI Model &Training Service owned by the operator
The stage 2 study work is under developing in SA2 and up to July SA2#139e meeting, the status of FS_eNA_ph2 is 55% completed. 21 key issues are captured in 3GPP TR 23.700-91 [2] as follows:
Key issue#1: Logical decomposition of NWDAF and possible interactions between logical functions
Key issue#2: Multiple NWDAF instances
Key issue#3: Mapping of NWDAF use cases to NFs and identify actions that could be taken based on NWDAF analytics and predictions
Key issue#4: Remaining aspects on how to ensure that slice SLA is guaranteed

Key Issue#5: New types of outputs provided by NWDAF

Key Issue#6: Study possible mechanisms for improved correctness of NWDAF analytics

Key Issue#7: Adding Application attributes and KPIs as the Input data in some services

Key Issue#8: UE data as an input for analytics generation

Key Issue#9: Dispersion analytic output provided by NWDAF

Key Issue#10: NWDAF Assisted UP Optimization

Key issue#11: Increasing efficiency of data collection
Key issue#12: NWDAF-assisted RFSP policy
Key issue#13: Triggering conditions for analytics
Key issue#14: NWDAF-assisted application detection
Key issue#15: User consent for UE data collection/analysis

Key issue#16: UP optimization for edge computing
Key issue#17: Definition of accuracy levels

Key issue#18: Enhancement for real-time communication with NWDAF
Key issue#19: Trained data model sharing between multiple NWDAF instances
Key issue#20: NWDAF assisting in detecting anomaly events for the user plane
Key issue#21: NWDAF assisting in user plane performance
The mapping solutions to key issues are shown in Table 1:

Table 1: Mapping of Solutions to Key Issues
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3. Potential CT WGs impacts
Based on the latest version of 3GPP TS TR 23.700-91 [2], the potential stage 3 CT impacts can be evaluated per each solution as follows:
Table 2: Potential CT impact

	Available solutions
	Potential impacts
	Impacted NFs

	Solution #1: Utilization of Pub/Sub model to increase efficiency of data collection
	· Potential enhancement of NWDAF by supporting discovery of 3CA (3GPP Consumer Adaptor) either by configuration or by NRF
· Potential enhancement of NRF to support 3CA discovery
	NWDAF, NRF

	Solution #2: Remaining aspects on how to ensure that slice SLA is guaranteed
	No impacts is available.
	

	Solution #3: User consent for UE data collection
	· Potential enhancement of NEF to support provision of user consent for UE data collection by Nnef_ParameterProvision service
· Potential enhancement of UDM to support store the user consent for UE data collection as subscription information by Nudm_ParameterProvision service and retrieval of the user consent information by other NFs (e.g. NWDAF, AMF) by Nudm_SDM service
· Potential enhancement of NWDAF to trigger UE data specific analytics and data collection based on user consent for UE data collection information retrieved from the UDM
	NEF, UDM NWDAF,

	Solution #4: Service Behaviour analytics and Service Experience analytics for NWDAF-assisted RFSP policy
	· Potential enhancement of PCF to make decision of RFSP index based on analytics information of NWDAF
	PCF

	Solution #5: AI Model sharing architecture
	· Potential definition of AIF (AI Function) service to support training, repository and exposure of AI Model.

· Potential enhancement of NRF by introducing AIF registration and discovery
	AIF, NRF

	Solution #6: NWDAF decompose architecture
	· Potential enhancement of NWDAF to support to decomposition it into different functionalities, e.g. ML training function, analytics function.
	NWDAF

	Solution #7: NWDAF functionality Split
	· Potential enhancement of NWDAF by introducing new NWDAF services (e.g. training service)
· Potential enhancement of NRF by extending NWDAF profile
	NWDAF, NRF

	Solution #8: NWDAF decomposition
	· Potential enhancement of NWDAF to support to decomposition it into different functionalities, e.g. Data Collection Function, Model Training Function, Analytics Control Function.
	NWDAF

	Solution #9: Data Management Framework for 5GC
	· Potential definition of DCCF (Data Collection Coordination Function) service to support handling the data request from data consumers, send the request to the messaging framework and provide the data from the messaging framework to the consumer

· Potential enhancement of NRF by introducing DCCF registration and discovery
	DCCF, NRF

	Solution #10: Handling of mixed and distributed NWDAF deployments
	· Potential enhancement of NWDAF to support flexibility for the distributed NWDAF to send statistics when feasible 

· Potential enhancement of UDM to support registration NWDAF which is currently serving the UE by Nudm_UECM service and discovery of the NWDAF by other NWDAF service consumers
· Potential enhancement of PCF (i.e. Npcf_AMPolicyControl, Npcf_SM_PolicyControl service) to support receiving the NWDAF information serving the UE from the AMF or SMF and decision of new policy control request triggers based on the received information
	NWDAF, UDM, PCF

	Solution #11: Two-level Hierarchical NWDAFs Architecture
	· Potential enhancement of NWDAF to support two-level hierarchical NWDAF architecture
	NWDAF

	Solution #12: Support for NWDAF interactions within SBA framework
	· Potential enhancement of NWDAF to support aggregation of analytics data from other NWDAF instances
· Potential enhancement of NRF to support registration of NWDAF’s target entity information by Nnrf_NFManagement service
	NWDAF, NRF

	Solution #13: Time Coordination for Multiple NWDAFs
	· Potential enhancement of NWDAF to support time coordination among multiple NWDAFs 
	NWDAF

	Solution #14: Support flexible Analytics data aggregation for multiple NWDAFs
	· Potential enhancement of NRF by extending NWDAF profile to introduce aggregation point identifier
	NRF

	Solution #15: Data Collection Coordination
	· Possible definition of DCCF (Data Collection Coordination Function) to support handling the data request from data consumers, send the request to the NWDAF instances and forward the data from the NWDAF instance to the consumer

· Potential enhancement of NRF by introducing DCCF registration and discovery
	DCCF, NRF

	Solution #16: Roles and inter-NWDAF instance cooperation from lower level NWDAF to upper level NWDAF in hierarchical architecture
	· Potential enhancement of NWDAF to support coordination of NWDAF instances among different levels in the hierarchical architecture
	NWDAF

	Solution #17: Alternatives for Interactions among Hierarchical NWDAFs
	· Potential enhancement of NWDAF to support interactions related to data collection or analytics generation among NWDAFs
	NWDAF

	Solution #18: Roles and inter-NWDAF instance cooperation from upper level NWDAF to lower level NWDAF in hierarchical architecture
	· Potential enhancement of NWDAF to support DCCF (Data Collection Coordination Functionality) and coordination among NWDAF instances in the hierarchical architecture
	NWDAF

	Solution #19: Multiple NWDAFs interactions for analytics consumption and composition related to large areas
	· Potential enhancement of NWDAF to support new input parameters (dataset statistical properties, output strategy) and generation analytics output based on multiple analytics
	NWDAF

	Solution #20: UE abnormal behaviour analytics interaction between multiple NWDAF instances
	· Potential enhancement of NWDAF to support interactions related to analytics generation on UE abnormal behaviour information among NWDAFs
	NWDAF

	Solution #21: Inter-NWDAF instance cooperation based on NWDAF profile
	· Potential enhancement of NWDAF to support collecting and providing processed data on behalf of the collocated NFs

· Potential enhancement of NRF by extending the NWDAF profile with NF instance id which is collocated with the NWDAF
	NWDAF, NRF

	Solution #22: Mitigation of the load for Data Collection
	· Potential enhancement of NWDAF to define a new service (Nnwdaf_EventExposure) to support retrieval data from NWDAF Data Storage Function
	NWDAF

	Solution #23: Flexible data collection and data analysis for hierarchical NWDAF architecture
	· Potential enhancement of NWDAF to support collecting and providing processed data from other NWDAFs
	NWDAF

	Solution #24: Federated Learning among Multiple NWDAF Instances
	· Potential enhancement of NWDAF to support ML (Machine Learning) model during the Federated Learning training procedure among multiple NWDAF instances
· Potential enhancement of NRF to support registration and discovery of multiple NWDAF instances that support Federated Learning
	NWDAF, NRF

	Solution #25: Exposing UE mobility analytics for multiple NWDAFs case
	· Potential enhancement of NWDAF to support interactions related to analytics generation on UE mobility among different NWDAF instances
	NWDAF

	Solution #26: Reselection of NWDAF
	· Potential enhancement of NWDAF to define a new service (Nnwdaf_AnalyticsRelocation) 
	NWDAF

	Solution #27: UE data as an input for analytics generation
	· Potential enhancement of NWDAF to support discovery of application data reporting method and the AF for UE data collection to use
	NWDAF

	Solution #28: UE assisted analysis for usage of network slice
	· Potential enhancement of NWDAF to analyse the UE’s usage of URSP
	NWDAF

	Solution #29: Support UE data as an input for Control Plane load balancing analytics
	No impact is available.
	

	Solution #30: Dispersion Analytics output provided by NWDAF
	· Potential enhancement of NWDAF to support new analytics ID "UE Dispersion Analytics";
· Potential enhancement of AMF to provide MM transaction related information for a UE at a given slice and specified time to the NWDAF;
· Potential enhancement of SMF to provide SM transaction related information for a UE at a given slice and specified time;
· Potential enhancement of AF to provide aggregated voice calls minutes at a specified slice and specified time.
	NWDAF, AMF, SMF, AF

	Solution #31: NWDAF Assisted UP Optimization for edge computing
	No impact is available.
	

	Solution #32: Enhancing Existing Mechanisms to Reduce Load and Complexity to Determine Entities serving in Area of Interest
	· Potential enhancement of NWDAF to support the procedures to consider load for analytics target set to "Any UE";
· Potential enhancement of NRF to extend input parameters of Nnrf_NFManagement_StatusSubscribe to support area of interest per TA basis;
· Potential enhancement of AMF to support new event ID for "Network Slices Information per Area of Interest";
· Potential enhancement of SMF to support event ID "Any PDU session"
	NWDAF, NRF, AMF, SMF

	Solution #33: Signalling and computation load control by sobriety and efficiency mechanisms
	· Potential enhancement of NWDAF to support efficient signalling and computation load by introducing more input/output parameters to relevant analytics IDs.
	NWDAF

	Solution #34: Simplify the redundancy in event report notification for NWDAF data collection
	· Potential enhancement of NWDAF to perform redundancy checking among event reporting subscriptions;
· Potential enhancement of AMF to support the redundancy relationship check and notification simplifying.
	NWDAF

	Solution #35: Using a dedicated NF for data collection
	· Potential definition of DCNF service to support data collection and repository functionality, which can be a functionality within NWDAF or a separate NF.

· Potential enhancement of NRF by introducing DCNF registration and discovery
	DCNF
NWDAF

NRF

	Solution #36: Determining UPFs serving UEs or in Area of Interest
	· Potential enhancement of NWDAF to update UPF related information based on SMF event notification;
· Potential enhancement of SMF to support new event ID "UPF Change".
	NWDAF, SMF

	Solution #37: Reduction of Frequency Notifications from NFs for Offline Data Collection
	· Potential enhancement of NFs exposing the events to support (de)activation of offline data collection;
· Potential enhancement of NWDAF to support offline data collection.
	NFs, NWDAF

	Solution #38: Enhancement on network exposure to allow data approximation
	· Potential enhancement of NFs exposing the events to support 
· Potential enhancement of NWDAF 
	

	Solution #39: Efficient data management for minimizing signalling
	· Potential definition of DRSF (Data Repository and Storage Function) service to store or provide NWDAF collected data and analytical information

· Potential enhancement of NWDAF by defining new mechanism to store the collected data and analytical information to the DRSP
	

	Solution #40: User Data Congestion Analytics for NWDAF-assisted RFSP policy
	· Potential enhancement of PCF to take the User Data Congestion analytics from the NWDAF into account and decide the RFSP index
	PCF

	Solution #41: RAT/Frequency usage analytics
	· Potential enhancement of NWDAF to support analytics information on RAT/Frequency usage
· Potential enhancement of PCF to take the RAT/Frequency usage analytics from the NWDAF into account and decide the RFSP index
	NWDAF, PCF

	Solution #42: NWDAF-assisted RFSP Policy Configuration
	· Potential enhancement of NFs exposing the events to provide PFSP index related information to the NWDAF
· Potential enhancement of NWDAF to support analytics information regarding to RFSP policy configuration
	NFs, NWDAF

	Solution #43: RFSP index value using Analytics Id Service Experience
	· Potential enhancement of NWDAF to extend service experience analytics id to provide different values per RAT and Frequency combination
· Potential enhancement of AMF to report the UE radio capabilities during the AM policy association
	NWDAF, AMF

	Solution #44: Analytics for Session Management Congestion Control Experience
	No impact is available.
	

	Solution #45: Triggers for requesting analytics
	No impact is available.
	

	Solution #46: NWDAF assisted new application detection
	· Potential enhancement of NWDAF to support new analytics Id for application detection information
· Potential enhancement of SMF to provide more session related information
	NWDAF, SMF

	Solution #47: UE Presence Pattern analytics to support edge computing
	· Potential enhancement of NWDAF to support UE Presence Pattern analytics
· Potential enhancement of SMF to get information from NWDAF to make decision how to handle LADN PDN Session
	NWDAF, SMF

	Solution #48: NWDAF assisted UP optimization for EC
	No impact is available.
	

	Solution #49: Selecting an Edge Application Server instance based on NWDAF analytics
	· Potential enhancement of AF to support more application server performance data
· Potential enhancement of NWDAF to support application server performance analytics
	NWDAF, AF

	Solution #50: Network Assisted DNAI selection for Edge Computing
	· Potential enhancement of NWDAF to support new analytics for DN performance
· Potential enhancement of NEF to expose DN performance analytics information to AF
	NWDAF, NEF

	Solution #51: optimization for edge computing
	No impact is available.
	

	Solution #52: Accuracy levels and options
	· Potential enhancement of NWDAF to support more accuracy levels
	NWDAF

	Solution #53: Support of Multiple NWDAF with Efficient Cooperation
	· Potential enhancement of NWDAF to support exchange of profile, load information and negotiate how to transfer the analytics and data collection tasks
	NWDAF

	Solution #54: Pre-analytics based solution for Real-Time communication with NWDAF
	· Potential enhancement of NWDAF to support pre-analytics and real-time communication capability
· Potential enhancement of NRF by extending NWDAF profile
	NWDAF, NRF

	Solution #55: Enhancement for Real-Time and Near-Real-Time Communication with NWDAF
	· Potential enhancement of NWDAF to support analytics delay required by NF service consumers
	NWDAF

	Solution #56: Trained Data Model Sharing between NWDAF instances
	· Potential enhancement of NWDAF by introducing new NWDAF services (Nnwdaf_DataModelProvision, Nnwdaf_DataModelInfo)

· Potential enhancement of NRF by extending NWDAF profile
	NWDAF, NRF


Based on above analysis of potential CT impacts, the CT3 and CT4 groups will be impacted as similar as Rel-16 eNA WI.
4. Conclusion

This paper has provided a preliminary analysis on stage 3 CT WGs impacts for stage 2 eNA Phase 2 work based on the current status developed by SA2. Based on the analysis and evaluation, it was foreseen CT3 and CT4 groups are all impacted by the work.
The authors of this paper will tightly monitor the stage 2 progress and status of eNA Phase 2 work developed by SA2 and volunteer to provide a work item description (WID) proposal to carry out the CT aspects of eNA Phase 2 work within the Rel-17 version of the 3GPP specifications when stage 2 normative work is available to start stage 3 work. 
In addition, since Network data analytics (except PCF related in TS 29.513) procedures and signalling flows are not defined in any specification due to time limitation in Rel-16. It’s proposed to specify all the Network data analytics procedures and signalling flows in stage 3 Rel-17 eNA Phase 2 WI.
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