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Abstract of the contribution: This contribution provides evaluation for analytics enhancements and new analytics, and conclusions for Key Issue #7.
[bookmark: _Hlk514274591][bookmark: _Hlk520730635]1		Discussion
This contribution is a revision of S2-2208995 which was submitted to SA2#153E.
One remaining discussion point, at end of SA2#153E, was whether DN performance analytics would need to be enhanced to "include maximum latency divergence between member UE(s) and different application servers". Hereafter is the key issue #7 description from TR 23.700-80 v1.1.0.
[bookmark: _Toc25353548][bookmark: _Toc25918794][bookmark: _Toc31011411][bookmark: _Toc43297409][bookmark: _Toc43733107][bookmark: _Toc50192858][bookmark: _Toc50467003][bookmark: _Toc54729752][bookmark: _Toc55202902][bookmark: _Toc57449878][bookmark: _Toc66787182][bookmark: _Toc117601696]5.7	Key Issue #7: 5GS Assistance to Federated Learning Operation
This KI is to study whether and how 5GS provides assistance to AF and the UE for the AF and UE to manage the FL operation and model distribution/redistribution (i.e. FL member selection, group performance monitoring, adequate network resources allocation and guarantee) to facilitate collaborative Application AI/ML based Federated Learning operation between the application clients running on the UEs and the Application Servers.
In order to provide assistance to the AF and the UE for FL operations, it is proposed to study the following aspects:
On assistance to selection of UEs for FL operation:
-	Whether, how and what information provided by 5GC to the AF can help the AF to select and manage the group of UEs which will be part of FL operation.
NOTE:	The FL group management should be controlled and managed by the AF.
-	Whether, how and what information is required by the 5GC in order to assist the AF for selecting and managing the group of UEs which will be part of FL operation.
On performance monitoring/exposure:
-	How to monitor and expose a UE or a group of UEs performance (e.g. aggregated QoS parameters) as described in TS 22.261 [2] related to FL operations.
-	Whether and what existing or new monitoring events (e.g. QoS, location, load, congestion) are required to capture specific System Performance and Predictions for traffic related to AI/ML operations for FL operation.
Editor's note:	Whether 5GC is aware of the Application Layer FL operation so as to perform the above monitoring needs further discussion.
On FL performance:
-	How to assist AF to increase the FL performance (e.g. to manage latency divergence) among UEs when the application server receives the local ML model training information from different UEs in order to perform global model update.
During discussions in SA2#153E, argument to introduce "maximum latency divergence between member UE(s) and different application servers" in DN performance analytics was that selecting the best central server should help to achieve better performance among the member UEs, and that this is the purpose of "FL performance" part of key issue #7. However, this part says:
-	How to assist AF to increase the FL performance (e.g. to manage latency divergence) among UEs when the application server receives the local ML model training information from different UEs in order to perform global model update
So, this part is about managing latency divergence between multiple UEs and one application server, and it was never intended to study how to minimize latency divergence between UE and multiple application servers. Based on this, we argue that the proposal of enhancing DN performance analytics with latency information between UE and multiple application servers is out of scope of key issue #7 and can then not be concluded as part of the study.

--------------

It is proposed to update FS_AIMLsys TR 23.700-80 as below. The text proposal shows revision compared to S2-2208995r10, including additions related to new analytics for latency performance, and additional NWDAF enhancements as proposed in S2-2208842r10. For the later, SA2 would need to decide whether this would better fit with KI#6 conclusions.


*** 1st Change – ALL NEW TEXT ***

[bookmark: _Toc113178236]7.X	Usage of analytics
7.X.1	Overview
Table 7.X.1-1 lists the existing solutions in TR 23.700-80, which refer to either specific analytics ID from TS 23.288, with possible enhancements, or to new proposed analytics IDs.
Table 7.X.1-1: Usage of analytics in solutions
	Solution #
	Key Issue #
	Existing analytics ID with possible enhancements
	New analytics ID

	#1
	#1
#6
	DN performance, UE communication, QoS sustainability

	N/A

	#2
	#2
	QoS Sustainability, Slice load, NF load, User Data Congestion, Network Performance

	N/A

	#3
	#2
	QoS Sustainability, User Data Congestion

	N/A

	#5
	#2
	NW performance

	N/A

	#6
	#3
#7
	NW performance with possible enhancement e.g., maximum load that a gNB (absolute available throughput) can accept.

	[bookmark: _Hlk115280313]FL analytics on expected latency for candidate FL members:
- Inputs: Candidate FL members, local model size, aggregated model size, expected number of iterations and time interval between iterations, preferred time window(s) when FL training operation for the group needs to be performed, FL transmission start time indicates when FL training operation prefers to start, S-NSSAI, request for geographical distribution of the UEs, QoS requirements.
- Outputs: Candidate members' expected latency performance, per iteration and/or on average, geographical distribution of the member UEs, QoS flow level data (QFI, QoS flow Bit Rate, QoS flow Packet Delay, Packet transmission, Packet retransmission) of QoS for the FL traffic transmission.


	#8
	#2
#3
	QoS Sustainability, UE Mobility
	N/A

	#10
	#5
	Network Performance with enhancements: 
- output analytics: Average packet delay for UL/DL; Average packet error rate for UL/DL; Average packet loss rate for UL/DL; Average bitrate for UL/DL.

	N/A

	#11
	#1, #5
	Service Experience, DN Performance with enhancements:
- Inputs: QFI(s) of the QoS flow(s) carrying the Application AI/ML traffic as part of Analytics Filter Information.
- output analytics: contain the QoS flow level data (e.g., QFI, QoS flow Bit Rate, QoS flow Packet Delay) of the QoS flow(s) carrying the Application AI/ML traffic.

	N/A

	#12
	#5
	Service Experience, DN Performance

	N/A

	#18
	#7
	UE mobility

	N/A

	#19
	#7
	UE mobility with enhancements: 
- Inputs: location requirements from AF includes a list of location information and the required number of UEs that are in these areas, 
- Outputs: the NWDAF provides UEs list according to the list.

	N/A

	#22
	#7
	Network Performance, UE mobility, User Data Congestion, DN performance

	Application of federated learning analytics to select the appropriate members. Based on the analytics results, the NWDAF may also suggest a VN group data and assistant information for the related policies.


	#23
	#3
#7
	Observed Service Experience, Network Performance, UE related analytics, User Data Congestion, Dispersion
	New analytics from NWDAF if the Federated Learning Assistance Function is located in NWDAF. Outputs to be suggested UEs for FL.


	#24
	#7
	WLAN performance with enhancements:
- per UE granularity

	N/A

	#25
	#7
	UE Communication, UE Mobility, User Data Congestion, QoS Sustainability

WLAN performance with enhancements:
- per UE granularity

	N/A

	#26
	#7
	Network Performance, UE related analytics

	N/A

	#27
	#7
	UE mobility, UE Communication, User Data Congestion, Abnormal behavior

QoS Sustainability with enhancements: input data from OAM need to be extended to include "Throughput for DL and UL per UE, Packet delay for DL and UL per RAB/DRB per UE, Packet loss rate for DL and UL per RAB/DRB per UE in TS 37.320 [12]" for the analytics information in the UE level granularity.

Service Experience with enhancements:
- Inputs: from UE (via AF) and AF, success rates for model update and distribution.

	N/A

	#29
	#2
#4
	Network Performance, NF load information, Service Experience, UE communication with enhancements.
- Inputs: collecting additional input data, i.e., information about the Application AI/ML operations in the UE per application (e.g., whether AI/ML operation is enabled or not for the application, the Application AI/ML operation type),
- Outputs: including the above collected information in the output analytics.

	N/A

	#31
	#2
	Slice Load, NF load, Network Performance.

	N/A

	#32
	#3
	DN Performance, Observed Service Experience, with enhancements:
- Inputs: The data of end-to-end network performance (e.g., latency, throughput, packet loss rate) between each pair of AI/ML processing entities in two adjacent layers.
- Outputs: Statistics/predictions on network performance (e.g. latency, throughput, packet loss rate) between each pair of AI/ML processing entities in two adjacent layers, statistics/predictions on traffic rate for UL from the UE to each AI/ML processing entity(s), statistics/predictions on packet delay for UL from the UE to each AI/ML processing entity(s), statistics/predictions on packet loss rate for UL from the UE to each AI/ML processing entity(s), service Experience when some specific endpoints are in the splitting ML operations.

	N/A

	#34
	#1
#3
	[bookmark: _Hlk115280490]User data congestion, Service experience, NF load with new outputs: 
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 Application AI/ML traffic transmission.

	N/A

	#36
	#4
	UE mobility, UE communication, NF load

	N/A

	#39
	#7
	UE Mobility, Abnormal behaviour

	N/A

	#40
	#6
#7
	UE communication, DN performance
	N/A

	#41
	#7
	DN Performance enhanced with Analytics subsets:
- aggregated traffic rate;
- variance of the traffic rate;
- variance of packet delay;
- variance of packet loss rate.

To support aggregated UE performance monitoring and exposure for a group of UEs.

	N/A

	#44
	#7
	Service experience

	N/A

	#45
	#7
	DN Performance, UE Mobility, Abnormal behaviour, Network Performance with enhancements:
- Inputs: 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.

DN performance with enhancements:
- Outputs: suggested list of application servers.

	N/A

	#46
	#7
	UE mobility with enhancements:
- Inputs: list of locations
- Outputs: NWDAF will provide a list of UEs and UE's location in the order of which the UE passes through to the NEF. Then the NEF gets the corresponding statistics of UE mobility and the UE's direction.

	N/A



7.X.2	Usage of analytics for assistance to federated learning
Solution #6 proposes new FL analytics on expected latency for candidate FL members, which includes, as outputs, candidate members' expected latency performance (per iteration and/or on average), geographical distribution of the member UEs and QoS flow level data (QFI, QoS flow Bit Rate, QoS flow Packet Delay, Packet transmission, Packet retransmission) of QoS for the FL traffic transmission. 
The geographical distribution of UEs is also proposed in solutions with UE mobility analytics enhancements, e.g., solution #19 or solution #46. It is recommended to introduce information on geographical distribution of member UEs as part of enhanced UE mobility analytics outputs. 
The QoS flow level data is also proposed as part of Service Experience and DN Performance analytics (in solution #11) and User Data Congestion, Service Experience and NF load analytics (solution #34). NF load analytics are not intended to be used by external AFs, hence QoS flow level data should not be considered for NF load analytics.  
Solution #22 proposes new Application federated learning analytics to select the appropriate FL members. Based on the analytics results, the NWDAF may also suggest a VN group data and assistant information for the related policies. It is unclear which policies the NWDAF would provide from current description of the solution. 
Solution #23 briefly refers to new analytics from NWDAF if the Federated Learning Assistance Function is located in NWDAF without providing much information on the expected outputs of these analytics beyond suggested UEs' list.
Solutions #24 and #25 propose to extend WLAN performance analytics with per UE granularity.
Solution #27 proposes to enhance QoS sustainability analytics with more OAM data from TS 37.320 as an existing OAM specification to allow the analytics outputs on a per UE granularity, which does not require any enhancement of OAM. It also proposes to add new inputs from UE (via AF) and from AF on the success rates for model update and distribution, with the intention to add this information to "customized MOS at AF or QoE metrics at UE (via AF)". It is unclear why this information would need to be provided by 5GC to the AF while the AF knows this information already.
Solution #29 is leveraging information on the Application AI/ML operations in the UE per application. This solution is dependent on the overall principle whether operation types are known to the 5GS.
Solution #41 enhances DN Performance analytics with aggregated traffic rate, variance of the traffic rate, variance of packet delay and variance of packet loss rate.
Solution #45 proposed that NWDAF provides to the AF a suggested list of application servers to increase the FL performance (e.g. to manage latency divergence). Selection of application servers is not in scope for Key Issue #7.


*** 2nd Change ***

[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.
8.7.X	Analytics to Assist Federated Learning Operation
AI/ML AF can request NWDAF (via NEF if needed) to provide existing, enhanced or new analytics to assist with federated learning operation. NWDAF Analytics services will be enhanced as follows:

- 	New latency performance analytics are introduced for NWDAF: the AF provides, as part of Analytics Filter Information, a list of UEs, size of information to be transferred in the UL, size of information to be transferred in the DL, expected number of iterations and time interval between iterations, and preferred time window(s) when AI/ML operation for the group needs to be performed. NWDAF provides as output the UEs' expected latency performance, per iteration and/or on average over the AI/ML operation duration.
-	UE mobility analytics are enhanced as follows: a list of areas can be provided by the AF, which helps the NWDAF to provide UE's direction and geographical distribution of the UEs to the AF.
-	WLAN performance analytics are enhanced to allow analytics outputs on a per UE granularity. For UEs' list provided by the AF, the NWDAF can provide WLAN performance analytics per UE granularity to assist AF to determine the final list of member UEs.
-	QoS sustainability analytics are enhanced to include 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 Application AI/ML traffic. QoS sustainability analytics are enhanced to allow analytics outputs on a per UE granularity.
-	DN performance analytics are enhanced to include aggregated UE’s traffic rate, variance of the traffic rate among UEs, variance of packet delay among UEs, variance of packet loss rate among UEs as well as top UEs who cannot meet the traffic rate, packet delay and loss rate threshold.

*** End of Changes ***
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