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1 Discussion
This contribution is provided as an input to update the evaluation the KI#7 in TR 23.700-80. 

2 Proposal
[bookmark: _Hlk513714389][bookmark: _Hlk93055440]It is proposed to update TR 23.700-80 as follows.

Start of change
[bookmark: _Toc117601953]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):
-	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. When the PCF determines that the SMF needs updated policy information, the PCF provisions the PCC rule in SMF which contains AIML session indicator. With the AIML session indicator included in the PCC rule, the QoS flow binding ensures that the PCC rule is bound to a new QoS Flow and no other PCC rule is bound to this QoS Flow..
Sol #43 supports assistance to selection of UEs directly or via NEF, firstly by checking user consent data from UDM, then the UE location collected from AMF (optional), delay obtained by reusing QoS Monitoring procedure from UPF, Throughput UL/DL, Packet transmission, Packet retransmission information by reusing event exposure from UPF.
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.
Those solutions that are related to the selection of FL member UEs can be further grouped into two groups depending on whether a solution introduces a new so called FL Member Selection Assistance Functionality or not. Here the new functionality can be defined as a functionality that is hosted by one of 5GC NFs (i.e., NEF, NWDAF or a new NF) and receives a request from the AIML AF to provide a list of candidate UEs based on the request from the AF to perform FL member selection. The 5GC NF offering the new functionality 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.
· Solutions #17, #18, #19, #22, #23, #25, #28, #40, #44, #46 and #47 propose to support such a new functionality.
· Solutions #6, #24, #27, #39, #42 and #43 propose to reuse the existing or enhanced exposures.
With the proposed new FL Member Selection Assistance Functionality, less signalling between the AIML AF and 5GC may be expected, and AF can utilize a list of candidate UEs provided by 5GC for determining the final FL member UEs whereas more complexity on 5GC to offer the new functionality will be required. Supporting this new functionality does not preclude AF requesting 5GC information directly to the relevant NFs.
Without the proposed new FL Member Selection Assistance Functionality, the AIML AF should directly request/receive the necessary 5GC information to/from the relevant NFs possibly via NEF and determine the FL member UEs on its own. This is how it is supported from the previous release and no more impact other than enhancing the already existing exposures is expected.
Observation 1: The newly proposed FL Member Selection Assistance Functionality can be helpful to reduce signalling between 5GC and AF and to help the AIML AF select the FL member UEs.
Observation 2: Even if the new functionality is supported, AF should be able to directly use 5GC exposures (events, analytics) and determine the FL member UEs without the new assistance functionality.
Among those solutions supporting the new functionality, they can be further categorized into three groups depending on where the FL Member Selection Assistance Functionality is accommodated.
- NEF: #17, #18, #46, #47
- NWDAF: #19, #22
- A new dedicated NF: #23, #25, #28, #40, #44
Observation 3: The new FL Member Selection Assistance Functionality may include some procedures that have nothing to do with analytics such as checking user consent. Hence hosting the new functionality on NWDAF should be avoided not to lose its primary purpose.
Observation 4: Defining a new NF eventually entails a lot of system impacts and the need for defining a new NF is not well justified to support FL member selection assistance. Instead, NEF as a gateway between 5GC and AF can be enhanced to support such a new functionality with enhanced or new service operations. 

Next change

8	Conclusions
8.X	Key Issue #7: 5GS Assistance to Federated Learning Operation

1. The new member selection assistance functionality will be specified in the normative phase. The new member selection assistance functionality is defined as a functionality offered by the 5GC upon receiving a request from the AF to provide a list of candidate UEs and additional information. 
a. The new member selection assistance functionality can be used by the AI/ML AF to select FL members. 
b. The new member selection assistance functionality can provide a list of recommended UEs based on the parameters contained in the request from the AF.
c. The AF may include the following parameters as part of the request service operation to the 5GC:
i. UE list (a UE or a UE list)
d. The 5GC may provide the following parameters as part of the response service operation to the AF:
i. List(s) of candidate UEs which can be selected by the AF.
NOTE 1: Any further parameters to be contained in the request/response from/to the AF and the procedure for selecting the list of candidate UEs will be discussed in the normative.
2. The new member selection assistance functionality will be hosted in NEF.
NOTE 2:	In case, this new member selection assistance functionality is not used, AF can select the AI/ML members based on existing network exposure information as described in clause 4.15, TS 23.502 [x]. 

End of change
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