

SA WG2 Temporary Document
Page 17

3GPP TSG-WG SA2 Meeting #154 meeting	S2-2210864
Toulouse, November 14 – 18, 2022 	(revision of S2-2208651)

Source:	OPPO, Oracle, LG Electronics 
Title:	TR 23.700-80: Evaluation and conclusion for Member Selection KI#7
Document for:	Approval 
Agenda Item:	9.21
Work Item / Release:	FS_AIMLsys / Rel-18
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Comments 
The intent of this pCR is to update the evaluation and conclusion for Member Selection KI#7.  

Proposal 
***** Start of Changes *****

[bookmark: _Toc113178243]7.7	Key Issue #7: 5GS Assistance to Federated Learning Operation
One of major goals with proposals addressing KI#7 is developing solutions to provide external exposure data to assist in the selection of FL members, therefore an evaluation may be made by classifying solutions in the way they propose the 5GC exposure mechanism.
Therefore, solutions may be classified, based on the entity (NF or NFs) providing data to AF either directly or through the NEF, as:
-	Class 1 (exposure coordinated by NEF):
-	Sol #17, sol#18, sol#21, sol#37, sol#39, sol#43, sol#46, sol#42 and sol#47 belong to this class.
-	Class 2 (exposure generated by NWDAF):
-	Sol #6, sol#19, sol#22, sol#24, sol#27, sol#41, and sol#45 belong to this class.
-	Class 3 (exposure coordinated by a newly defined AI/ML assistance function/New NF):
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]-	Sol #23, sol#25, sol#28, sol#40, sol#44 belong to class this class.
Sol#6 supports assistance to selection of UEs for FL operation and assistance on increasing FL performance on KI#7 by providing new analytic/prediction information for FL operation such as expected QoS, suggested time window and geographical distribution for each UE in target UE list. It assumes that AI/ML application server provides specific parameters which can be understood by 3GPP network such as candidate UE list, slice information, traffic pattern (model size, number of iterations, and time interval), and QoS requirements and NWDAF provides exposure of analytics information after interaction with PCF, AMF, and UDM to acquire status information relating to those parameters. Given that the AIML operation is conducted on a single slice according to clause 4.2, and considering that the AF is providing other parameters, e.g. SUPI and Group Id, it is not clear why the AF needs to provide the S-NSSAI and/or how the network slice information is used by the 5GC. It proposes that analytic information is provided by NWDAF to AF per time window. Analytics may be provided per iteration and/or on average, as suggested by the AF.
Sol#16 and Sol#37 both solution address monitoring of Group-MBR. This is an important aspect that needs to be covered, however Sol#37 seems to offer a more complete and straightforward approach by comparing the monitoring results against a Group-MBR threshold provisioned by the AF in the 5GC. This approach also results in reduced in a cleaner impact to NFs, where the NEF can aggregate bit-rate provide by the SMF and compare them against a threshold. Note: Monitoring Group-MBR is discussed under KI#1
Sol #17 supports assistance to selection of UEs for FL operation based on result of QoS monitoring in area or interest with specified respective distances in order to ensure the sufficient data diversity among the candidate UEs. It introduces UE filtering policy such as UE address(es), monitoring area, time interval, etc in order to select target UE. And it proposes to enhance NEF to handle new analytic operation such as selection of candidate UE based on UE filtering policy and result of QoS monitoring.
Sol #18 supports assistance to selection of UEs for FL operation based on analytic on UE's mobility in the target area.  Similarly, to sol#17, it proposes UE filtering policy for UE selection, but it is focused on Area of Interest and enhancement of NEF to handle new analytic operation such as selection of candidate UE based on UE filtering policy and UE mobility analytic.
Sol #19 supports assistance to selection of UEs by providing enhanced analytic information on UE's mobility by NWDAF. It proposes to enhance existing UE's mobility analytic to include activation status of target application by adding interaction between PCF and NWDAF. The service operation between NWDAF and PCF is reusing existing service operation.
Sol #21 supports assistance for FL operation by providing event exposure on performance of group of UEs. It proposes to enhance NEF to support event exposure as group performance type but service operation between NEF and other NF e.g. PCF is performed per UE granularity.
Sol#22 supports assistance to selection of UEs for FL operation by providing new analytic such as suggestion of VN group with policy information including AM policy and SM policy. It proposes to enhance NWDAF to handle VN group decision, member selection, and derivation of relating policy. It assumes that AI/ML application server provides specific parameters which can be understood by 3GPP network such as candidate UE list, area information, S-NSSAI/DNN, and performance requirements.
Sol #23 supports assistance for FL operation by providing new service through a newly defined dedicated NF for Federated Learning assistance function (FLAF). It proposes that AI/ML AF request assistance to FLAF (via NEF) with detailed input parameters such as candidate UE's list and target location, and timing information and FLAF provides new analytics such as list of suggested UEs for FL operation.
Sol #24 supports assistance to selection of UEs by providing enhanced analytic information on WLAN performance per UE by NWDAF. It proposes to enhance existing WLAN performance analytic to WLAN performance analytics per UE granularity for a certain period and area. It only impacts NWDAF and AF.
Sol#25 supports assistance to selection of UEs for FL operation and assistance on increasing FL performance on KI#7 by introducing AIML NF which is used to response/notify with 5GS assistance information for external exposure. It provides detail input parameters for FL operation from AI/ML App server with subscription for AIML assistance information for FL operation and AIML NF/NEF provides exposure of updated assistance information e.g. new recommended UEs based on analytic information from NWDAF. It does not provide how the AIML NF may derives assistance information from the existing analytic information from NWDAF.
Sol #27 supports assistance to selection of UEs by providing enhanced analytic information on QoS sustainability and Service exposure analytics by NWDAF. It proposes to enhance existing QoS sustainability to include a single UE level granularity and to enhance Service Experience analytics to include success rates of transmission of FL traffic for some time. It may require more input data from OAM to provide RAN throughput per UE and may impact UE with new QoE metrics relating to FL data.
Sol #28 provided list of AI/ML services for assistance of FL operation. And it proposes the framework how to interact between AIML AF and AIML assistance network function based on service-based architecture.
Sol #39 supports assistance for FL operation by providing existing event exposure and analytics such as UE location, CM state, UE reachability, etc. It analysed list of event exposure for FL member selection and proposes to reuse current event exposure.
Sol #40 supports assistance to flexible selection of UEs for FL operation, assistance on increasing FL performance on KI#7 and introduces AFLSF (Application Federated Learning Support Function). It proposes to support a group QoS request in which the required QoS for multiple UEs can be requested via both a single service operation for the UEs in a FL group, and an enhancement of the PCF discovery of BSF. It also proposes AFLSF to provide assistance for FL configuration to the AF, and suggestion of candidate UE's list satisfying group QoS requirements. It also proposes UE-initiated request to join AIML session via 5GS which is embedded in session management request. It still for further study, whether the AFLSF requires awareness of FL operation modes to conduct the functionality described in the solution.
Sol #41 supports aggregated UE performance monitoring and exposure, by extending performance parameters provided by the NWDAF within the DN Performance analytics, by adding aggregated parameters such as aggregated traffic rate, and variance of traffic rate, packet delay and packet loss, as well as information of UEs that are too fast or slow.  The current solution does not address UE in a group which traffic rate, packet delay and loss rate are above or below a threshold.
Sol #42 supports assistance to selection of UEs for FL operation and assistance on increasing FL performance on KI#7 by allowing the AF to include the AIML group information, and the AIML group performance information in the Nnef_GroupAFsessionWithQoS_Create request. When multiple UE(s) from the AF group are served by the same PCF, the NEF includes AIML Group performance information and AIML session indicator as input parameters in the Npcf_GroupPolicyAuthorization_Create request towards the PCF. It is not clear why AIML session indicator is needed, or how it is used, other than being passed from the NEF to the PCF.
Sol #43 supports assistance to selection of UEs for FL operation by reusing current event exposure from UPF with subscription data exposure on FL members from UDM. It does not indicate which information from subscription data should be exposed to AI/ML AF which may include very sensitive information and potential security risk.
Sol #44 supports assistance to selection of UEs for FL operation by a new AI/ML assistance network function which is responsible for analysing of exposure data from other NF including NWDAF and exposure of assistance information for FL operation to the AF which may include selecting of UE list for FL operation. It proposes that AF to provide restriction criteria for selection of UE, but no other input parameters are provided.
Sol #45 supports assistance on FL performance by providing analytic information on DN Performance of each application server and with possible combination with other analytics such as UE Mobility and Network Performance. It proposes to enhance existing DN performance analysis to provide analytics of latency divergence between UEs and application servers.
Sol #46 supports assistance to selection of UEs for FL operation based on analytic on UE's mobility including moving direction. Similarly, to sol#18, it proposes UE filtering policy for UE selection with FL coverage and enhancement of NEF to handle some analytic operation such as selection of candidate UE based on UE filtering policy and UE mobility analytic.
Sol #47 supports assistance to selection of UEs for FL operation by composite event exposure. It proposes an enhancement of NEF to analyse composite analytic data for selection of candidate UE. It does not require enhancement of event exposure from other NF.
Key Issue#7 in clause 5.7 addresses three aspects to provide assistance to the AF and the UE for FL operation:
-	On assistance to selection of UEs for FL operation
-	On performance monitoring/exposure
-	On FL performance
The proposed solutions on performance monitoring/exposure are mainly focused to assist selection of UEs for FL operation in AF. So, solutions can be further categorized with the classes as follows:
-	On assistance to selection of UEs for FL operation
-	Providing assistance information including suggested candidate UE list to AF
-	Class 1: #17, #18, #46
-	Class 2: #19, #22
-	Class 3: #23, #25, #28, #38, #40, #44
-	Providing assistance information including performance monitoring/exposure to AF
-	Class 1: #39, #42, #43, #21
-	Class 2: #6, #24, #27, #41
-	On FL performance
-	Class 2: #20, #45
Among the solutions that propose the 5GC to provide assistance information to the AF, some solutions propose to include suggested UE list for FL operation by considering the requirements and criteria from the AF. Other solutions propose to extend or enhance existing procedures or events to provide assistance information to the AF instead of the list of the UEs. On the other hand, solution #20 and 45 focus on the FL performance to help AF increase FL performance.

Editor's note: Evaluation would need updates after SA2#152E progress, potential updates to the related solutions.
Table 7.7-1: Summary of KI#7 solutions for Member Selection Criteria
	
	Member selection Criteria
	Which NF provide the candidate member list to the AF based on the criteria

	Solution#6 
	· Radio link quality (RSRP) for each candidate FL member.
· Expected QoS estimate in the area for FL training.
· QoS configuration in PCF / capability for the FL transmission QoS flow (if UEs can meet the required QoS (2MBPS) in the specified areas).
· User Consent check for each member.
· Geographical distribution of the member UEs
	NWDAF generates the analytics results and sends the analytics results to AF via NEF. No NF do the member selection.

	Solution#16 
	Not related to the Member selection
	

	Solution#17 
	· One or more UE address(es) (IP address or MAC address) and AF Identifier(s) together with the protocol port info: This parameter is used to identify an initial group of UEs for the specific application to be further filtered.
· Monitoring area (i.e. AOI): the 5GC considers the UE as a candidate UE only when the UE is in the monitoring area (i.e. Area of Interest - AOI)
· The number of candidates UEs for reporting e.g. select 6 candidate UEs with lowest measurement delay among the group of UEs being monitored for FL operation;
· The minimum local training data acquisition time interval: select UEs with different data acquisition time (e.g. sensors waking up at different time may gather different data in the same AOI)
· The minimum separation distance between candidate UEs based on locations: select those UEs that are geographically separated with sufficient distance (e.g. two vehicles close by may overlap in their Field of View and have same or similar data)
· Data sources of the local training data for the set of distributed nodes: defined by whom the data are generated, e.g. two BMW vehicle may have similar data and less preference than one BMW and one Toyota.
	eNEF generates the candidate member list based on the criteria.

	Solution#18 
	· External Group Identifier and the following filtering info as part of the FL UE selection request:
· Target AOI and historical nomadic period: The Target AOI where the UEs have been roving over the historical nomadic period before moving into the FL coverage area.
· FL Coverage Area: The FL training server's coverage area, i.e. the coverage area of the FL training server where the selected UEs participate in the FL operation
	eNEF generates the candidate member list based on the criteria.

	Solution#19 
	· A list of location information and the required number of UEs that in these areas.
· A list of UE Identity or "any UE".
· UEs that activate the application for the Application ID.
	NWDAF generates the candidate member list and send it to AF via NEF

	Solution#20 
	Not related to the Member selection
	

	Solution#21 
	Not related to the Member selection
	

	Solution#22 
	· Member selection flag: A flag indicating whether member selection is required.
· Analytics Filter Information including:
· Members list (a list of SUPIs or group ID, if member selection flag is 0), candidate members list (a list of SUPIs or Group ID, if member selection flag is 1) or any UE (if member selection flag is 1).
· [Optional] Maximum and/or minimum number of members (if member selection flag is 1).
· Area of Interest.
· S-NSSAI or DNN.
	NWDAF generates the candidate member list and send it to AF via NEF

	Solution#23 
	· A list or group of UEs to choose from,
· the number of UEs required to perform federated learning cycle, 
· possibly a desired location of UEs in a form of a target area for FL, 
· When providing a target area for FL, the AF may provide sub-areas, and provide a percentage of UEs that should take part in FL from each sub-area, and/or a minimum number of UEs and /or a maximum number of UEs that should take part in FL from each sub-area.
· availability of UEs and preferably select connected, active, registered, and/or reachable UEs and/or UEs within a desired region.
· roaming status and shall only select non-roaming UEs.
· select UEs served by less loaded network components.
	Federated Learning Assistance Function generates the candidate member list based on the criteria.

	Solution#24 
	· WLAN performance analytics per UE, 
· UE consent for FL 
· UE capability for FL of each UE 
	NWDAF generates the analytics results and sends the results per UE to AF via NEF. No NF do the member selection

	Solution#25 
	· AF Identifier. UE List (GPSIs, External Group ID, or IP addresses).AF-Service-Identifier. External Application Identifier.
· QoS References or QoS requirements.
· Whether to request the list of candidate UEs (If indicated, AIML NF/NEF provides candidate UE list in the response).
· Time when assistance information is needed (Indicates to the AIML NF/NEF the latest time the analytics consumer expects to receive assistance data provided by AIML NF/NEF).
· Expected AIML operation time duration (Expected time duration by AI/ML Application Server based on the training information such as training model and training data size).
· Preferred AIML operation time periods (Time periods that the AI/ML Application Server want to perform AIML operation).
· Whether to request the recommended AIML operation time periods (If indicated, AIML NF/NEF provides recommended AIML operation time periods in the response).
· Traffic volume for downloading global model and uploading training results.
· DNN and S-NSSAI.
· Expected UE Moving Trajectory for each UE in the UE list (e.g. A planned path of movement).
· Area of Interest (AIML operation for the UEs in the area of interest).
· Minimum number of UEs needed for FL operation.
· Preferred Wireless Access technology (Access type/RAT type, e.g. WLAN, 5G, Multi-Access, where the AI/ML Application Server expects the UE to stay for FL operation).
· Preferred quality of signal (Requirement of UE radio signal for FL operation, e.g. average RSSI (received Signal Strength Indication) and RTT (round trip time)) for WLAN.
· UE traffic usage (the expected range of UE traffic usage or remaining traffic for FL operation).
· Whether to request Multi-Access PDU Session Information of the UE (Whether the UE have established MA PDU Session, UE is allowed/capable to have MA PDU Session for AIML FL application, which access type the PDU Session is connected to).
	AIML NF/NEF generates the candidate member list based on the criteria.

	Solution#26 
	· UE's capability, UE's wishes
· QoS requirements,
· location information specific UE ID, 
· external group ID if available. 
· time window (e.g. start and end time) of FL operation. 
	PCF generates the results and send the results to AF via NEF. No NF do the member selection. 

	Solution#27 
	· QoS Sustainability, 
· Service Experience, 
· UE mobility, 
· UE Communication, 
· User Data Congestion, 
· Abnormal behaviour.
	NWDAF generates the analytics results and sends the results to AF via NEF. No NF do the member selection

	Solution#28 
	· AaaML Profile ID: Candidate UE(s) Selection
· AaaML Sub- Profile ID: include all the criteria based on the other solutions.
	AaaML NF generates the candidate member list based on the criteria.

	Solution#37 
	Not related to the Member selection
	

	Solution#38 
	Not related to the Member selection
	

	Solution#39 
	· UE locations
· CM state
· UE Reachability
· UE Mobility
· UE Abnormal behaviour
· Notification control
· UE group ID, 
· Expected number of UE for reporting
· validity conditions of areas of interest and time
· user consent
	NEF supports to check user consent if receiving user selection indication. However, for the other parts, the 5GC response to the AF per request.

	Solution#40 
	· a list of UEs or group of UEs for the complete FL operation (i.e. one list for all FL iterations) or one list per FL iteration, 
· the maximum number of allowed iterations, 
· a time window for model aggregation, 
· QoS requirements, 
· AMSID, 
· target area(s),
· time validity, 
· a minimum number of awaited models before global model update, 
· UE continuous training flag.

	AFLSF generates the candidate member list based on the criteria.

	Solution#41 
	Not related to the Member selection
	

	Solution#42 
	Not related to the Member selection
	

	Solution#43 
	· user consent subscription information, 
· UE's location, 
· end to end delay and packet drop for the UE.
· [bookmark: _Hlk115364738]Throughput UL/DL, 
· Packet transmission, 
· Packet retransmission
	AF directly collection information from NF. No NF do the member selection.

	Solution#44 
	· UEs in Connected state.
· UEs in different location information.
· UE QoS monitoring threshold.
· Service Experience threshold.
	AI ML NF generates the candidate member list based on the criteria.

	Solution#45 
	· Analytics ID(s) ("DN Performance", "UE Mobility", "Abnormal behaviour", "Network Performance");
· Member UE(s);
· Application ID(s);
· Application server instance address(es);
· The target time period;
	NWDAF sends the analytics results to the AF via NEF. No NF do the member selection.

	Solution#46 
	· UE's current location and direction. AF includes the External Group Identifier and the following filtering info as part of the FL UE selection request:
· FL Coverage Area: The FL training server's coverage area, i.e. the coverage area of the FL training server where the selected UEs participate in the FL operation.
· When providing a target area for FL, the AF may provide sub-areas (e.g. cell 1,2,3), and provide a maximum number of UEs (e.g. 2) that should take part in FL from each sub-area.
· Direction: Select the UE with the different direction in the FL coverage Area.
	eNEF generates the candidate member list based on the criteria.

	Solution#47 
	· UE list (GPSIs, SUPIs, External Group Identifiers, IP addresses).
· Analytics ID(s), Analytics Filter Information and etc. as defined in clause 5.2.6.16.2 of TS 23.502 [4].
· Event ID(s), Event Filter(s) and etc. as defined in clause 5.2.6.2.2 of TS 23.502 [4].
· Area info (TA/Cell ID, geographical area).
· Expiry time.
	eNEF generates the candidate member list based on the criteria



Observation#1: 
When reviewing all the solutions above for enabling 5GC to assist the member selection, it is evident that a target NF in the 5GC is needed to assemble and to filter the list incoming criteria and to coordinate with the AF to handle the incoming list of criteria to assist the member selection. At this moment, there are four NF options been proposed: 
· NWDAF
· PCF
· NEF/eNEF
· New NF
The scope of the NWDAF and the internal logic of the NWDAF are designed for statistical data collection on the network operation to perform the data analytics and then to produce the analytics report to assist the network operation. The main goal of the NWDAF is not to be operated as an agent or proxy of the AF to assist application layer operation, i.e. Application AI/ML operation such as the FL member selection. 
The scope of the PCF is to support the 5GC policy control and enforcement within the 5GS, and it is also not a good fit to operated as an agent or proxy of the AF to assist the Application AI/ML operation. 
The scope of the NEF is to provides corresponding security guarantees to ensure the security of external applications to 3GPP network, and provides functions such as QoS customization ability of external applications, mobility state event subscription, AF request distribution, etc. Although it seems that NEF could be a good candidate to take on additional Application AI/ML specific assistance functionality, but such additional functionalities are not necessary functionality for the 5GC as the 5GC assistance for Application AI/ML operation should be an optional feature.  Therefore, it seems to be reasonable to ensure such Application AI/ML member selection assistance functionality could be standalone without overloading existing 5GC NF.   
Based the observations above, it seems that the last option for having a dedicated new NF would be the best architecture design option.   


Table 7.7-2: Summary of KI#7 solution evaluations based on 5GC Assistance Data Exposure Info
	
	5GC Assistance Data Exposure Information 
	5GC Assistance Objectives Summary

	
	Class 1 (Exposure Coordinated by NEF/eNEF) 

	Solution#17
	AF Inputs (UE filtering policy from AF to eNEF): 
-	One or more UE address(es) (IP address or MAC address) and AF Identifier(s) together with the protocol port info: This parameter is used to identify an initial group of UEs for the specific application to be further filtered.
-	Monitoring area (i.e. AOI): the 5GC considers the UE as a candidate UE only when the UE is in the monitoring area (i.e. Area of Interest - AOI)
-	The number of candidates UEs for reporting e.g. select 6 candidate UEs with lowest measurement delay among the group of UEs being monitored for FL operation;
-	The minimum local training data acquisition time interval: select UEs with different data acquisition time(e.g. sensors waking up at different time may gather different data in the same AOI)
-	The minimum separation distance between candidate UEs based on locations: select those UEs that are geographically separated with sufficient distance(e.g. two vehicles close by may overlap in their Field of View and have same or similar data)
-	Data sources of the local training data for the set of distributed nodes: defined by whom the data are generated, e.g. two BMW vehicle may have similar data and less preference than one BMW and one Toyota.

Output of Assistance Info (from eNEF to AF):
· List of candidate UEs which matches the UE’s filtering policy 
	Assistance Objective:
· AF monitors UEs’ QoS performance and their respective distances to assist its UE(s) selection with optimal data diversity.  

5GC Assistance Operation: 
· eNEF triggers UE’s location and mobility monitoring as well as QoS performance monitoring 

Reporting Frequency: 
· Per time window requested by AF



	Solution#18
	AF Inputs (UE filtering policy from AF to NEF/eNEF): 
-	Target AOI.
-  FL Server’s coverage area
-  Historical nomadic period for the given target AOI

Assistance Data Outputs (from eNEF to AF):
· Selected the in-coverage UEs coming from the target AOI and have been roving there over historical nomadic period
	Assistance Objective:
· Assisting AF to monitor UEs’ locations for the UE selections which have the dataset history of other AOI(s) so that they can provide broader representations of a model applicable area

5GC Assistance Operation: 
· eNEF triggers UE’s location and mobility monitoring. 

Reporting Frequency: 
· Per time window requested by AF


	Solution#21
	AF Inputs (from AF to PCF(s) via NEF): 
-	Addresses of UEs, Event ID: "QoS Monitoring parameters", "UL packet delay", Group Performance Type: "max",  Group Reporting Mode: "Group Member"

Output of Assistance Info (to AF):
· Aggregated Group performance on the set of target UEs according to the requested Group Performance Type (i.e. max, min, mean or sum of values) 
	Assistance Objective:
· Assisting AF to monitor the group of UEs’ performance for FL member selection  


Reporting Frequency: 
· Group Reporting Guard Time until the Maximum Duration of Reporting

	Solution#37
	AF Inputs (AF to NEF based on AF Influence of Traffic Routing service): 
-	AF Transaction Id.
-  AF Identifier
-  UEs’ Group Identifier
-  Application Identifier
-  Traffic filtering information  
NOTE: Group-MBR Threshold would be part of the Application Subscription data together with Group Reporting Guard Time & Maximum Duration of Reporting in UDR 

Output of Assistance Info (from eNEF to AF):
· NEF/eNEF reports to AF only if the aggregated bit rate exceeds the Group-MBR threshold 
	Assistance Objective:
· Assisting AF to monitor the aggregated bit rate performance for the target group of UEs and to notify the AF “only if” the aggregated bit rate exceeds the Group-MBR threshold. 

Reporting Frequency: 
· UPF traffic monitoring/reporting frequency to NEF/eNEF is according to the pre-configured Group Reporting Guard Time until the Maximum Duration of Reporting
 

	Solution#42
	AF Inputs (AF to PCFs via NEF): 
-	External Group ID of AF selected group of UEs for the specific FL operation (AIML group).
-  Target performance for the specific FL operation (i.e. AIML group performance info - Maximum latency for the AIML group, Maximum packet loss rate in UL, Maximum packet loss rate in DL, Duration for the requested QoS, Minimum number of UEs in the AIML group) 

Output of Assistance Info (from PCF to AF via NEF):
· PCF notifies to AF via NEF for the confirmed QoS reservation of the set of subset of UEs within the AIML group
	Assistance Objective:
· Assisting AF to reserve the QoS resources for the AF selected group of UEs for each iteration of the FL operation

Reporting Frequency: 
· Each iteration of the FL session 


	Solution#46
	AF Inputs (UE filtering policy from AF to NEF): 
-	Target AOI.
-  FL Server’s coverage area
-  Direction 

Output of Assistance Info (from eNEF to AF):
· Selected the in-coverage UEs at the target AOI and heading to specific direction
	Assistance Objective:
· Assisting AF to monitor UEs’ locations, relative distance and heading direction for the UE selections which have the dataset to provide broader representations of a model applicable area

5GC Assistance Operation: 
· NEF triggers UE’s location and mobility monitoring. 

Reporting Frequency: 
· Per time window requested by AF


	
	Class 2 (Exposure Coordinated by NWDAF)

	Solution#6 
	AF Subscription Inputs (from AF (via NEF) to NWDAF): 
· Candidate FL members Ids (e.g. SUPI, Group Ids etc.).
-	Local model (i.e. model at learner side) size and aggregated model (i.e. model at server side) size (to determine what kind of latency could be provided for the model size).
-	Expected number of iterations and time interval for each iteration.
-	Optionally, Preferred time window when FL training needs to be performed.
-	Optionally, FL transmission start time indicates when FL training operation prefers to start.
-	QoS requirements(e.g. includes 5QI, QoS Characteristics) indicates the QoS requirements of the QoS flow of the FL transmission.
-	Optionally, a request for geographical distribution of the UEs.
-	S-NSSAI.

Inputs to NWDAF: 
· Radio link quality (RSRP) for each candidate FL member.
-	Expected QoS estimate in the area for FL training.
 -	QoS configuration in PCF / capability for the FL transmission QoS flow (if UEs can meet the required QoS (2MBPS) in the specified areas).
-	User Consent check for each member.

Output of Assistance Info (from NWDAF (via NEF) to AF):
· For each candidate member, expected latency performance given aggregated and local model size, in the form of an estimate of latency per iteration and/or an average latency over the duration for the FL process.
-	A suggested time window for a better result for the FL operation, e.g. when network is going to be congested at the preferred time window when FL training needs to be performed, or when the NWDAF estimates that latency could be drastically reduced by delaying the FL training process to a later point in time.
-	Geographical distribution information for the candidate members, if requested by the AI/ML application server for further processing its FL member candidate selection algorithm.
-  QoS flow level data (QFI, QoS flow Bit Rate, QoS flow Packet Delay, Packet transmission, Packet retransmission), as the statistics/prediction of QoS for the FL traffic transmission

	Assistance Objective:
· Assisting FL Learning 

Reporting Frequency: 
· Per time window (e.g. per FL iteration and/or on average) as requested by AF 

	Solution#19 
	AF Inputs (from AF to NWDAF via NEF): 
-	“UE mobility” analytics ID 
-   Location requirements (a list of target locations)
-   Required number of UE per location or “any UE”

Output of Assistance Info (5GC to AF):
· UE list based on the location requirement

	Assistance Objective:
· Assisting AF to identify the set of candidate UEs from different AOIs for the specific FL operation 

Reporting Frequency: 
· No specified

	Solution#20
	AF Inputs (from AF to PCF and to NWDAF): 
-	PDB QoS parameter adjustment per UE 

Output of Assistance Info (5GC to AF):
· AF collects the actual total transmission delay of the UE after the PCF adjustment of the PCC rules for the corresponding UE according to the AF provided PDB
· AF subscribes to the predicted UE transmission delay from NWDAF for the FL UE, then the AF adjusts the QoS parameters of QoS Flow for the UE according to the UE Communication Predictions obtained from NWDAF 
	Assistance Objective:
· Assisting AF to monitor UEs’ relative transmission delay performance among the group of candidate UEs and then to finalize the set of FL UEs which have the least delay variants among each other in order to optimize the overall FL model training performance. 

Reporting Frequency: 
· No specified

	Solution#22
	AF Inputs (from AF to NWDAF via NEF): 
-	Member selection flag: A flag indicating whether member selection is required.
-	Analytics Filter Information including:
· Members list (a list of SUPIs or group ID, if member selection flag is 0), candidate members list (a list of SUPIs or Group ID, if member selection flag is 1) or any UE (if member selection flag is 1).
· Maximum and/or minimum number of members 
· Area of Interest.
· S-NSSAI or DNN.
-	Expected time period.
-	[Optional] Information of ML model to be trained (e.g. model size).
-	[Optional] The requirements of performance (e.g. bandwidth, time delay etc.).

Output of Assistance Info (NWDAF to AF via NEF):
· candidate UEs
· a VN group data and assistant information for the related policies
NOTE: Dependency of new Analytics support by NWDAF
	Assistance Objective:
· Assisting AF for the FL operation by forming VN group to connect the set of edge nodes with the central server to unified member selection, resource allocation and policy management with the support of NWDAF with new Analytics ID

Reporting Frequency: 
· Each FL iteration or several iterations

	Solution#24
	AF Inputs (from AF to NWDAF via NEF): 
· Analytics ID=WLAN Performance, 
· Analytics filter=AOI, 
· Target of analytics=candidate UE list 
· preferred reporting granularity=per UE

Output of Assistance Info (NWDAF to AF via NEF):
· a list of WLAN performance analytics per UE

	Assistance Objective:
· Assisting AF to select candidate UEs which access 5GS via WLAN to enhance FL operation performance 

Reporting Frequency: 
· Not specified

	Solution#27
	AF Inputs (from AF to NWDAF via NEF): 
· Dependent on which analytics is requested (e.g. QoS Sustainability, Service Experience, UE mobility, UE Communication, User Data Congestion, and/or Abnormal behavior.)
NOTE: It is proposed to further enhance the QoS Sustainability and Service Experience analytics
· Extend "Target of Analytics Reporting" including a single UE level granularity without location information as a mandatory parameter in Analytics Filter Information
· Extend "customized MOS at AF or QoE metrics at UE (via AF)" including success rates for upload of local update results from UE to AF within a given interval or success rates for model distribution from AF to UE within a given interval to support FL as a new promising AI/ML service type 

Output of Assistance Info (NWDAF to AF via NEF):
· Dependent on which analytics is requested (e.g. QoS Sustainability, Service Experience, UE mobility, UE Communication, User Data Congestion, and/or Abnormal behavior.)
NOTE: The solution has dependeny on the R18 eNA Phase-3 outcome

	Assistance Objective:
· Assisting AF to select candidate UEs with the support from NWDAF in 5GC which provides the analytics information for e.g. QoS Sustainability, Service Experience, UE mobility, UE Communication, User Data Congestion, and/or Abnormal behavior.  More specifically, the QoS Sustainability analytics and Service Experience Analytics will be further enhanced.   

Reporting Frequency: 
· Not specified

	Solution#39
	AF Inputs (from AF to NWDAF and AMF to monitor the UEs’ operation status, i.e. reachability, mobility and abnormal behavior): 
-	AOI
-  UEs’ Group ID

Output of Assistance Info (NWDAF/AMF to AF):
· UE reachability status – UE moving in or out of subscribed AOI
· UE Mobility analytics 

AF Inputs (from AF to PCF to monitor the UE’s QoS performance) 
-	Alternative QoS profile with requested QoS according to the target Application AI/ML operation type (e.g. model splitting or model downloading etc.)

Output of Assistance Info (PCF to AF):
· Resource allocation status according to the QoS target in the Alternative QoS profile
	Assistance Objective:
· Assisting AF to select candidate UEs for FL operation by monitoring and exposing the group of UEs’ QoS performance (i.e. according to the KPIs) and their respective status (i.e. reachability, location and connectivity status) for the purpose of FL operations (e.g. model split, model download etc.). 

Reporting Frequency: 
· No specified

	Solution#41 
	AF Inputs (from AF to NWDAF): 
-	a list of UEs’ IDs
-  Existing parameters for DN Performance Analytics 

Output of Assistance Info (NWDAF/AMF to AF):
-  New Analytics subsets in DN Performance Analytics:
-	aggregated traffic rate;
-	variance of the traffic rate;
-	variance of packet delay;
-	variance of packet loss rate.
· the UEs in the group whose traffic rate, packet delay and loss rate higher or lower than a threshold, respectively, where the threshold can be specified by the Analytics consumer in the Analytics request
NOTE: Dependency on how to extend NWDAF DN Performance analytics to derive aggregate the QoS parameters 
	Assistance Objective:
· Assisting AF to collect the aggregated QoS performance for a group of UEs via the extension to NWDAF with a new subset of analytics for deriving the aggregated QoS parameters. 

Reporting Frequency: 
· No specified

	Solution#45
	AF Inputs (from AF to NWDAF via NEF): 
· Analytics ID(s) ("DN Performance" is mandatory, "UE Mobility", "Network Performance" and others are optional);
-	Member UE(s);
-	Application ID(s);
-	Application server instance address(es);
-	The target time period;
-	A flag indicating that whether suggested server list is required;
· Other parameters related to the Analytics ID(s);

Output of Assistance Info (NWDAF to AF via NEF):
Either
· Time delay between member UE(s) and the application servers;
· Maximum latency divergence between member UE(s) and different application server;
· Traffic rate for member UE(s) communicating with the application servers;
· Packet loss rate of communications between member UE(s) and the application servers;
· Other results related to the analytics ID(s);
Or 
· NWDAF derives the suggested list of application server(s) sorted in descending order according to their respective performance as shown above

	Assistance Objective:
· Assisting AF to increase the FL performance (e.g. to manage latency divergence) among UEs by selecting the best central application server to receive the local ML model training information from different UEs in order to perform global model update. 

Reporting Frequency: 
· No specified


	
	Class 3 (Exposure Coordinated by new 5GC NF)

	Solution#23
	AF Inputs (AF to new Federated Learning Assistance Function): 
· List of potential FL members, 
· FL aggregated model size, 
· local model size,
· model aggregation average latency target for FL iterations, and 
· duration of an iteration, time window when FL training needs to be performed

Output of Assistance Info (from Federated Learning Assistance Fucntion to AF):
· a list of suggested UEs 
	Assistance Objective:
· Assisting AF for the member selection and to continue monitoring the candidate UEs for their availability for FL operation by introducing Federated Learning Assistance Function which could be standalone, or integrated into NEF or NWDAF. 

Reporting Frequency: 
· For each iteration of the FL session


	Solution#25
	AF Inputs (AF to new AIML NF): 
-	UE List (GPSIs, External Group ID, or IP addresses).
-	AF-Service-Identifier.
-	External Application Identifier.
-	QoS References or QoS requirements.
-	Whether to request the list of candidate UEs.
-	Time when assistance information is.
-	Expected AIML operation time duration.
-	Preferred AIML operation time periods.
-	Whether to request the recommended AIML operation time periods.
-	Traffic volume for downloading global model and uploading training results.
-	DNN and S-NSSAI.
-	Expected UE Moving Trajectory for each UE in the UE list.
-	Area of Interest.
-	Minimum number of UEs needed for FL operation.
-	Preferred Wireless Access technology.
-	Preferred quality of signal.
-	UE traffic usage (the expected range of UE traffic usage or remaining traffic for FL operation).
-	Whether to request Multi-Access PDU Session Information of the UE.
-	Notification Target Address (+ Notification Correlation ID), when the AI/ML Application Server subscribe to AIML NF/NEF.
-	Reporting Parameters (e.g. periodic reporting, Reporting Thresholds (QoS References or QoS requirements)).

Output of Assistance Info (from new AIML NF to AF):
-	List of candidate UEs for FL operation.
-	Recommended time period to perform AIML operation.
-	Recommended area for AIML operation.
-	Recommended Access type/RAT type to perform AIML operation.
· Multi Access PDU Session information of the UE

	Assistance Objective:
· Assisting AF for the FL operation via a new 5GC NF, AIML NF which processes the request from AI/ML Application Server by interacting with other NFs such as NWDAF, UDM, SMF, UPF, OAM, etc. and generates assistance information (e.g. lists of candidate UEs for recommended time periods) for FL operation based on the collected information, and provides the assistance information for FL operation requested by AI/ML Application Server. AIML NF can be standalone or collocated with NEF. 

Reporting Frequency: 
· Not specified


	Solution#40
	AF Inputs (AF to AFLSF): (for enabling the FL operation)
· “List/Group of UEs: external or internal ID of the UEs participating in the application FL operation. The same list/group can be provided for the complete FL operation, or a different list may be provided for each iteration of the FL operation.
-	Maximum number of learning iterations: the maximum iterations of model exchanges from the UEs to the application server and vice versa. 
-	A time window for model aggregation: maximum time that an application server can wait to receive local models from UEs to provide an update of the global model. If the time window is zero, then the application server operates in fully asynchronous mode.
-	Minimum number of awaited models: number of local UE models the application server requires to receive within the model aggregation time window to provide an update of the global model.
-	Continuous training flag: flag indicating whether UEs are allowed to continue performing training once they have shared their local model and before they receive an update of the global model.
-	QoS requirements: to be used to derive the “Group QoS” new QoS parameter for the FL operation to meets its performance.
-	AMSID: “new” identification of AI/ML session identifier to be used for the application FL operation.
-	Target area(s): area(s) where UEs should be located to be selected for FL operation.
· Operation time validity: time during which the FL operation may be performed

Output of Assistance Info (from AFLSF to AF): (for enabling the FL operation)
· FL Configuration Recommendation 
· Output parameters responding to the input parameters 

NOTE: After the FL session is setup as described above, it is the UE to determine whether to join the corresponding FL operation (i.e. UE-initiated) instead of the AF to determine for which UE to join the corresponding FL operation. 


	Assistance Objective:
· Assisting AF via the support of a new 5GC entity, Application Federated Learning Support Function (AFLSF) which is aware of the FL operation type. AFLSF proposed 5GC configuration and to determine the corresponding new “group QoS” parameter for the specific FL operation.  AFLSF also makes proposal of the aggregation mode (i.e. synchronous vs. asynchronous) of the FL operation to the AF. The selected FL members for the specific FL session are registered with the same AI/ML session identifier (AMSID) to support UE-initiated joint to the corresponding FL operation. 

Reporting Frequency: 
· Not specified.


	Solution#44
	AF Inputs (AF to new AIML NF): 
· List of UEs and 
· one or multiple restriction criteria (as shown below) for the UE selection 
· UE in Connected state
· UE in different location information 
· UE QoS monitoring threshold
· Service Experience threshold

Output of Assistance Info (from AIML NF to AF):
· a list of candidate UEs corresponding to the restriction criteria provided as the inputs

	Assistance Objective:
· Assisting AF for the member selection with the support of new NF, AIML NF, which could be standalone or co-located with NEF. 

Reporting Frequency: 
· For each iteration of the FL session


	
	Class 4 (Exposure Coordinated by other 5GC NF)

	Solution#43
	AF Inputs (UE filtering policy from AMF and UPF): 
-	UE ID and Location Reporting Event ID (to AMF)
-  UE ID and QoS Monitoring (to UPF)

Output of Assistance Info (from UPF):
· QoS performance - Throughput UL/DL, Packet transmission, Packet retransmission
NOTE: The QoS monitoring support described above is dependent on the outcome of the FS_UPEAS study
	Assistance Objective:
· Assisting AF for the candidate UE selections based on the user consent subscription information, UE's location, end to end delay and packet drop for the UE. 

Reporting Frequency: 
· Not specified



Observations#2: 
Based on the evaluations of the 5GC assistance data exposure information that were captured in Table 7.7-2 as shown above, several basic observations are identified which require decisions.  The following capture those basic observations and propose the way forward decision: 
Observation#2.1: Diversity of factors/criteria identified for the FL member selections
Decision#2.1.1: Deciding on which of the factors/criteria to be accepted for FL member selections by going through the list of factors/criteria for the FL member selections as described in the solutions above. 

Proposal#2.1.1: Adopt the following list of member selection criteria as described in Table 7.7-3 which can be requested by the AF towards 5GC for the assistance for member selection. 
Table 7.7-3: List of 5GC assistance for Member Selection Criteria with Sub-criteria 
	Criterion#1
	UE Identify: 
· UE List (GPSIs, SUPIs, External Group ID, or IP addresses) or any UE.


	Criterion#2
	User consent/ UE capability

	Criterion#3
	QoS related information:
· QoS configuration in PCF
· QoS monitoring results
· QoS Sustainability, Expected QoS estimate in the area
· Throughput UL/DL
· Packet transmission, 
· Packet retransmission


	Criterion#4
	Location related information:
· UE current location
· UE historical location
· UE trajectory
· UE direction
· Distance between UEs


	Criterion#5
	UE status:
· UE mobility
· CM state
· UE Reachability
· UE Abnormal behaviour
· UE access type


	Criterion#6
	PDU session attributes:
· S-NSSAI, DNN
· MA PDU Session related information


	Criterion#7
	Time window:
· Time window for model aggregation
· Time window for performing the whole FL operation


	Criterion#8
	Number of UE in the candidate UE list:
· Number of UEs required to perform federated learning cycle,
· Percentage of UEs that should take part in FL from each sub-area, and/or a minimum number of UEs and /or a maximum number of UEs that should take part in FL from each sub-area. 




Table 7.7-4: List of assistance information to AF
	
	Different Set of Assistance Information to AF
	Evaluations

	1
	UE List (#17, #18, #19, #23, #25, #38, #40, #42, #44, #46)
- per time window (#23, #25, #38)
- per geographical area (#25)
	UE List can be provided by considering various criteria. There is no existing API to provide suggested UE Lists, a new API is needed to expose the UE List. Also, the UE List can be provided as different sets according to the time windows or AOIs.

	2
	User consent/ UE capability
- Consent change (#39)
	AF can check user consent for the UEs before request assistance information to the 5GC. AF may not request the assistance information for the UEs that don't meet the validity conditions.

	3
	QoS related information
- QoS flow level data (#6)
- Predicted UE transmission delay/Expected latency performance (#6, #20)
- Group performance (#21)
- WLAN performance (#24)
- QoS Sustainability Analytics/Service Experience Analytics (#27)
- Notification control (#39)
- DN Performance Analytics (#41, #45)
- UPF event exposure (#43)
	QoS related information can be provided by existing NFs including NWDAF with some enhancements provided by each solution.

	4
	Suggested time window for FL operation (#23, #25, #26, #38, #40)
	5GC can provide suggested time window for FL operation or an alternative time window for FL operation if resources requested by AF cannot be allocated on specified time window.

	5
	Location related information
- Geographical distribution info for candidate UEs (#6)
- Target area (#40)
	If the AF provided geographical distribution of the UEs, 5GC can provide geographical distribution of the List of UEs

	6
	UE status
- UE location (#39)
- CM state (#39, #43)
- UE reachability (#39)
- UE access type/RAT type (#25)
- MA PDU Session related information (#25)
	UE status information can be provided to the AF, according to the request from the AF.

	7
	Suggest VN group (#22)
	If the AF requests for the management of groups by 5GC, 5GC make VN group and manage the groups.

	8
	FL configuration Recommendation (#40)
- Maximum number of learning iterations
- A time window for model aggregation
- Minimum number of awaited models
- Continuous training flag
	In sol#40, the notification from AFLSF may contain some or all of the parameters included in the request from AF. Some of parameters from AF seems to be highly related with application AI/ML logic. It is not clear how 5GC can expose such information related to AI/ML application logic.

	9
	Suggested list of servers (#45)
	5GC can provide the analytics report for application servers and UEs, or the suggested list of application server(s) to the AF based on the analytics result.



Observation#2.2: Several variants of proposals for 5GC NF to provide the coordination assistance functional approach, i.e. 
· via NEF/eNEF
· via NWDAF
· New 5GC NF 
· No specific 5GC NF – dependent on the assistance task in 5GC  
Decision#2.2.1: Deciding on which of the above 5GC coordination assistance functional approaches to be selected. 
Proposal#2.2.1: Based on the benefits described below, it is proposed to have a new dedicated 5GC NF which could be co-located with NEF to provide the coordination support for 5GC to assist the Application AI/ML operation. 
a) It is most likely that the AF will request/subscribe to more than one NF’s assistance from 5GC at one point to assist its Application AI/ML operation.  It is technically inefficient and complex for the AF to explicitly aware for what services and which 5GC NF to request/subscribe the 5GC assistance for its Application AI/ML operation. Hence, a dedicated NF could significantly simplify the communication between the AF and the 5GC to access variety of 5GC services, not to mention that it could significantly simplify the service interfaces between the AF and 5GC. 
b) For group related Application AI/ML operation such as FL, the AF will request/subscribe to the 5GC for the same information, notifications, reports and actions for multiple UEs. Hence, it would be more efficient to have a dedicated NF that could aggregate the communications between the AF and the 5GC corresponding to multiple UEs which could also reduce the signalling overheads significantly. 
c) For the assistance information required by the AF from 5GC to assist the AF’s Application AI/ML operation, such info (e.g. UE’s positioning/location info, UE’s QoS parameters/performance info, UE’s consent etc.) may require special handling in 5GC (e.g. converting the 3GPP specific UE’s position/location info (e.g. cell id or TA), UE’s consent for particular Application AI/ML operation etc.).  From architecture design point of view, it is more straightforward and uniform to have the dedicated NF to consolidate the special handling logic rather than spreading the requirements to different 5GC NFs. 
d) As the system requirement is evolved to support the Application AI/ML operation, it is more streamline and manageable to anchor the system enhancement starting at the anchor NF before impacting other 5GC NF.
Observation#3: 
5GC assistance information for the FL operation may have different levels of detail E.g., building a candidate list of UEs or provide event/analytics data for the AF to build that list. If the AF wants to select UEs based on the UE information such as UE status or QoS, AF may request UE status or analytics for FL member selection. On the other hand, if AF wants to receive suggested list of UEs, AF can request assistance information for suggestion of candidate UE list with selection criteria (e.g., QoS, AOI, time windows). Request from AF can be different according to the applications. 5GC should assist various levels of request from the AF to support various applications.

***** Next Changes *****

8 	Conclusions
[bookmark: _Toc113178251]8.7	Key Issue #7: 5GS Assistance to Federated Learning Operation
Editor's Note:	Conclusions are to be addressed after SA2#152E once Evaluation and Solutions progress sufficiently to enable such conclusions.
Proposal for conclusions for KI#7 on member selection aspects: 
1. The FL members can be determined by AF itself based on the 5GC information collected from 5GC NFs (e.g.  AMF, SMF, UPF, NWDAF etc.). 

2. A dedicated NF provides support for member selection for Application AI/ML operation.
For the 5GC assisted member selection. It is proposed to use a dedicated NF to identify the candidate member list based on the criteria (see below) provided by the AF. The dedicated NF can coordinate with other 5GC NFs to trigger necessary 5GC procedures to collect the information in order to derive the candidate member list. 

NOTE: As for whether the dedicated NF to be an existing or new 5GC NF requires further discussions.  

2.a Member Selection Assistance Functionality Definition: 
Functionality offered by a 5GC NF which receives a request from the AIML AF to provide a list of candidate UEs and additional information for the AF to perform Application AI/ML operation (e.g. FL). The 5GC NF then triggers the corresponding 5GC procedures to derive the set of candidate UE list as part of the assistance to be reported back to the AIML AF.  
Member selection assistance functionality shall be flexible to assist various application AI/ML operations (e.g. model sharing, model splitting, etc.) without the need for the awareness of the target application operation type. 
It is the responsibility of the dedicated NF to provide specific assistance information to the AF related to the AF requested Application AI/ML operation (e.g. FL member selection).  

2.b 5GC service(s) to provide member selection assistance functionality towards AF:
Among that information provided by the dedicated NF, the following can be highlighted:
UEs in the candidate UE list:
-	UE IDs, number of UEs required to perform the requested Application AI/ML operation (e.g. for each federated learning cycle),
[bookmark: _Hlk118072180]-	Percentage of UEs that should take part in requested Application AI/ML operation from each sub-area, and/or a minimum number of UEs and /or a maximum number of UEs that should take part in requested Application AI/ML operation from each sub-area. 
Time window:
-	Time window for performing the specific Application AI/ML operation. 
NOTE: The granularity of the time window should be corresponding to the time window(s) which is/are requested by the AF.  It could apply to the entire Application AI/ML operation or some cycles of the Application AI/ML operation.  Different candidate UE list could be provided for different time windows.
Member policy: 
· Member policy to be applied to each member in the target Application AI/ML operation (e.g. predicted QoS parameters for the UEs in the candidate list).  If the time window is provided, the member policy is related to the corresponding time window. 
NOTE: The final list on the 5GC assistance output as described above will be determined during the normative phase.  

2.c Different combinations of criteria below could be provided by the AF to request 5GC assistance for the candidate UE selection.
NOTE 2:	The list below is for illustrative purposes and the final list will be determined in the normative work.
· UE Identify: 
· UE List (GPSIs, SUPIs, External Group ID, or IP addresses) or any UE.
· User consent
· QoS related information:
· QoS configuration in PCF
· QoS monitoring results
· QoS Sustainability, Expected QoS estimate in the area
· Throughput UL/DL
· Packet transmission, 
· Packet retransmission
· Location related information:
· UE current location
· UE historical location
· UE trajectory
· UE direction
· Distance between UEs
· UE status:
· UE mobility
· CM state
· UE Reachability
· UE Abnormal behaviour
· UE access type
· PDU session attributes:
· S-NSSAI, DNN
· MA PDU Session related information


***** End of Changes *****
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