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1. Discussion
One of major goal in KI#7 is to develop solution to provide external exposure data to assist selection of FL member.
Sol #6, #16, #17, #18, #19, #21, #22, #23, #24, #25, #27, #28, #37, #39, #40, #43, #44, #45, #46 and #47 are addressing the aspect.
Solutions may be classified, based on the entity used to expose data to AF, as: 
· Class 1(exposure via NEF)
· Sol #17, sol#18, sol#21, sol#37, sol#39, sol#43, sol#46, and sol#47 belong to this class
· Class 2(exposure via NWDAF)
· Sol #6, sol#19, sol#22, sol#24, sol#27, and sol#45 belong to this class
· Class 3(exposure via newly defined AI/ML assistance function)
· Sol #23, sol#25, sol#28, sol#40, sol#44 belong to class this class

Comparing solutions in class 1
Sol#16, Sol #17, sol #18, #37 and sol#46 propose enhancing NEF supporting UE filtering policy and candidate UE selection function. And as each solution covers only specific use cases, expected inputs parameters provided by the AF only support each use case.
Sol #21, sol#39, sol#43, and sol#47 propose reusing current event exposure service for analytic exposure of target UE or enhancing current event exposure mechanism to allow group measurements or composite exposure of multiple events. They propose providing aggregated information of current analytics information but do not propose any additional function to recommend candidate UE’s list for FL operations.
Sol#43 addresses user consent aspects using UDM.

Comparing solutions in class 2
Sol#19(UE mobility analytics), sol#24(WLAN analytics), sol#27(QoS sustainability and Service experience analytics), and sol#45(DN performance analytics) propose enhancement of existing NWDAF analytics to cover specific use case. 
Sol #6 and sol#22 propose new AI/ML analytics service with more detail input parameters expressing the characteristics of AI/ML traffic such as number of iterations, time interval, time window, QoS, S-NSSAI from AI/ML AF.
Sol#6 address user consent aspect using UDM.
Sol#6 address the network slice relating information exchange between AMF and NWDAF but it misses detail description e.g. what and how to provide information and how it is used in NWDAF.
Comparing solutions in class 3
Sol #23, sol #25, sol #44 propose new AI/ML assistance network function which is responsible for exposure of assistance information for FL operation to the AF which may include selecting of UE list for FL operation based on the input parameters from AI/ML AF which are understandable by 5GS. Sol#25 provides quite detailed parameter input
Sol#40 proposes adding FL configuration recommendation service and it also propose that should be clarified whether this recommendation may be derived without understanding of AI/ML operation logic.
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.

Observation and Proposal
The exposed data to AF for assistance of AI/ML operation includes various information components involving many different network entities, therefore, it is proposed handling exposure by an dedicated entity such as enhanced NEF, NWDAF, or newly defined AI/ML assistance function, rather than allowing direct access by AF via NEF.
On the input parameters from AF for exposure, based on architectural assumption, it is preferred to receive well defined, detail information which does not require understanding AI/ML application logic.
The interaction between AI/ML AF and 5GS, via existing NF or newly defined NF, shall follow existing service-based operation and REQ/RSP type interaction and SUB/NOTI type interaction shall be allowed.
On what and how to construct assistance information, at first, it shall be ensured that each solutions satisfies the architectural requirements and works with architectural assumptions.

2. Proposal
It is proposed to include the following changes in TR23.700-80
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7.X	Key Issue #7: 5GS Assistance to Federated Learning Operation
7.X.1 On event exposure of assistance information for FL operation
- 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, relating slice information, traffic pattern (model size, number of iterations, and time interval), and QoS requirements and NWDAF provide exposure of analytic information after interaction with PCF, AMF, and UDM to acquire status information relating to those parameters. Among those parameters, how the network slice information is provided and used for analytics is not clear. It proposes that analytic information is provided by NWDAF to AF per time window at each iteration, but it is not clear whether AF, NWDAF, and NFs shall exchange information repeatedly at every iteration or only updated information among entities are exchanged.
-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.
- 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 event exposure through a newly defined dedicated NF for Federated Learning assistance function (FLAF). It proposes that AI/ML AF request assistance to FLAF with candidate UE’s list and target location, and timing information and FLAF provides new analytics such as list of suggested UE 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 enhancement of 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 selection of UEs for FL operation and assistance on increasing FL performance on KI#7 by introducing AFLSF (Application Federated Learning Support Function). It proposes that AFLSF to provide analytics on group QoS requirements and suggestion of candidate UE’s list satisfying group QoS requirements. It proposes a analytic service providing different mode of operation for each UE for flexible FL operation. But it is not clear suggestion of different mode of operation may require understanding AI/ML application logic by AFLSF. It also proposes UE-initiated request to join AIML session via 5GS which is embedded in session management request.
- 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.

8	Conclusions
8.X	Key Issue #7: 5GS Assistance to Federated Learning Operation
- Support of a guaranteed FL group MBR. Merge Sol#16 onto Sol#37 as 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.
- User and Network consent are managed in the UDM, on per subscriber basis, and it needs to be in place before relevant analytics are provided. Network data analytics and parameter provisioning should take place only when both the Network and the UE consent to it.
- It is preferred handling exposure by a dedicated entity such as NWDAF or newly defined AI/ML assistance function to allowing direct access by AF via NEF.
- Input parameters from AF for exposure of assistance information for FL operation shall be enough detail that it does not require understanding of AI/ML application logic. input parameters from AF in sol#6 and sol#25 may be used as baseline for further consideration.
- The interaction between AI/ML AF and 5GS, via existing NF or newly defined NF, shall follow existing service-based operation and sol #40 is considered as baseline with update of the AI/ML service operation based on evaluation and conclusion of solutions handling individual AI/ML service operation.
NOTE: It shall be ensured that the concluded solution satisfy architectural requirements and works with architectural assumptions.
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