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Abstract of the contribution: This contribution is to update evaluation and conclusion for KI#7.
Discussion
This contribution updates the evaluation and conclusion for the following aspects of Key Issue #7:
1. Further categorization of the KI#7 solutions and Evaluation of the output assistance information from 5GC to AF for KI #7.
2. Conclusion of KI#7 includes principles for the assistance information provided from 5GC to the AF.
Proposal
It is proposed to agree the following changes into TR 23.700-80v1.0.0.
* * * * Start of 1st Change * * * *
[bookmark: _Toc97271690]
[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):
-	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. 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.
Editor's note:	Evaluation would need updates after SA2#152E progress, potential updates to the related solutions.

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.
For the solutions propose that the 5GC NF to provide assistance information including suggested UE list for FL operation, three NFs are proposed to provide such assistance information: (e)NEF (Class 1), NWDAF (Class 2), New NF (Class 3).
The scope of the NWDAF is designed for providing analytics including statistics and predictions, the suggest of Server list or UE list may be provided as predictions but the statistics of suggested UEs may not helpful or AF may not request it. The NEF is designed to support external exposure of capabilities of network functions. For the 3GPP internal AI/ML applications, there is no need to go through the NEF. Therefore, a new NF is needed to provide suggestion to AF with new service operation.

[bookmark: _GoBack]Table 7.7-X: Evaluations of KI#7 solutions for 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.



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.

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.

The followings are conclusions for KI#7:
-	New NF is needed to provide assistance information to AF including suggested UE list with optionally time windows or areas.
-	5GC assistance information for the FL operation may have different levels of detail E.g., building a candidate list of UEs or provide analytic data for the AF to build that list according to the request from the AF.
-	New service operations are used by the new NF to suggest a candidate list of UEs.
-	The new NF provides one or more sets of assistance information including lists of suggested candidate UEs, suggested time windows, delay performance and/or suggested areas of interest. The list of UEs can be different for different time windows or different areas (AoI).
-	AF can use existing analytics/events provided by NFs (e.g., NWDAF, NEF, UDM, AMF, SMF) as assistance information for FL operations.
* * * * End of Changes * * * * 
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