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Abstract of the contribution: This contribution is intended to collect feedback on architectural principles for KI#7 for FS_AIMLsys. 
Background
The intent of this paper is to collect companies’ views on the architectural principles for KI#7 for the FS_AIMLsys. 
Schedule provided by rapporteur:
1.	July 22nd (Fri.) EOB PST - Cut-off date for “NEW” architecture principle proposals – 
2.	July 27th (Wed.) EOB PST - Moderator to POST the consolidated views on the architecture principles
3.	Aug. 3rd (Wed.) EOB PST - Cut-off date for EVALUATION COMMENTs against the consolidated architecture principles
  
Discussions

	Key Issue#7 - 5GS Assistance to Federated Learning Operation

	Architecture Principles / Companies
	Descriptions / Justifications
	Supporting Status

	Principle#1. Support of FL group MBR guarantee / Proposed by Huawei
	Guarantee that the maximum aggregated bit rate of the FL group does not exceed a threshold (i.e., FL group MBR) to avoid the impact on other UEs or services.
	This principle is agreeable to all evaluating companies, with preference to stand alone (i.e., not to be merged in Priciple#16)

	Apple
	
	Agree

	CATT
	Detail shall be clarified in principle.
	-

	Google
	
	-

	Huawei
	
	Agree

	InterDigital Inc.
	
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	Yes. This is an important requirement from 5G operators to offer 5GS assistance to Application AI/ML operation as-a-service.  However, the FL group MBR shall not be QoS parameter, rather, it shall be measurement threshold as described in Solution#37
	Agree (with condition)

	Samsung
	This principle is agreeable by Samsung, but we don’t think it can be merged with Principle #16 as the latter assumes the same QoS is requested for all the UEs within a group instead of a single MBR aggregating all data rates from the group
	Agree on principle but not to be merged with Principle#16

	Vivo
	
	-

	Principle#2. Support to reduce the latency divergence for the FL model training / Proposed by Huawei
	Adjust the transmission delay of different UEs in a FL group in order to reduce the delay variance of different UEs and thus improve the efficiency of model training.
	This principle does not seem agreeable at this point, two companies disagree, and other companies request further clarification)

	Apple
	Not sure if FL operation require such tight coordination
	Disagree

	CATT
	
	Agree

	Google
	Further justification of latency requirements is needed.
Model training is done by the UE and the efficiency has nothing to do with 5GC
	Neutral

	Huawei
	
	Agree

	InterDigital Inc.
	
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	It is unclear what kind of assistance that can be provided by 5GS to determine the delay variance as described in solution#20, as the way that it is described to adjust the PDB, however, it may not work because the UE’s current bit rate would have significant influence on the transmission speed.
	Disagree

	Samsung
	We agree with the principle description, i.e. ‘support the latency divergence’ is a vague terminology for the principle but adjusting the transmission delay of different UEs in a FL group should be supported
	Agree but with principle modifications, see comment

	Vivo
	
	-

	Principle#3 User and Network consent management / Proposed by InterDigital


	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
	This principle seems agreeable with regards to user consent. W.r.t Network Consent, further details is needed

	Apple
	User consent is also needed at a more granular level (per analytics information that may be exposed)
	Agree

	CATT
	It is unclear why network consent should be managed in the UDM for this KI
	Disagree with the description related to network consent

	Google
	Agree that user consent consideration is needed. There are two aspects:
· The 5GC needs to ensure that the user consent of UE-related event/ analytics exposures is in place before exposing the UE-related information. 
· The user consent for FL operation is between the AF and UE.
· It is not clear what network consent means. Network consent needs clarification in the TR.
	Neutral (need solutions)

	Huawei
	
	Agree

	InterDigital Inc.
	It shall be possible for both the Network and a user to grant or revoke consent dynamically 
	Agree

	Lenovo
	
	Agree

	LGE
	
	Agree

	OPPO
	Yes. It should be subject to the operator and the ASP SLA, however, this AP is not specific to KI#7
	Agree (with condition)

	Samsung
	
	Neutral

	Vivo
	We support this principle
	Agree

	Principle#4 Leverage 5GS Network Data Analytics Service, including monitoring of System performance / Proposed by InterDigital  
	The 5GS Network Data Analytics Service is leveraged to provide AF and UEs assistance for Federating Learning operation and model distribution and it may be extended if the existent functionality does not suffice, including assistance in ensuring AIML intermediate model security between the UE and the AF. Note that security and privacy issues are to be addressed by SA3 groups. E.g., The AF can determine or optimize the selection of FL member selection utilising the data analytics or network information exposed from the NWDAF or other 5GC NF, e.g., expected latency, aggregated bit rate consumption. In addition, 5GC may be able to provide monitoring support for the aggregated bit rate consumption for the given application FL operation efficiently with minimum signalling overhead
	Principle seems agreeable with further simplification

	Apple
	
	-

	CATT
	
	Agree

	Google
	Agree to support NWDAF enhancement for QoS related analytics exposure, e.g. QoS substantiality Analytics, in assisting FL member selection by the AF. Further details need solution evaluation.

	Neutral (need solution evaluation)

	Huawei
	
	-

	InterDigital Inc.
	
	Agree

	Lenovo
	
	Neutral

	LGE
	
	-

	OPPO
	It is important to leverage candidate UE member list provided by 5GC, existing 5GC analytics and performance monitoring mechanisms to assist the FL member selection and to ensure efficient and minimum signalling overheads.
	Agree

	Samsung
	The principle is agreeable, but the principle description provides too many details overlapping with other principles proposed in other KIs. We suggest keeping it simple: leverage analytics, security/privacy addressed by SA3, monitoring support of aggregated bit rate consumption in FL group
	Partially agree, see comments

	Vivo
	We support NWDAF can select candidates UE members to assist AL/ML AF to do the final decision; or NWDAF exposes some data analytics to AF to do the final member selection.
	Agree

	Principle#5 Slice-specific Application AIML operation
	
	Deleted as per comment from rapporteur

	Principle#6 Application AIML operation logic assistance (e.g., FL member selection and management) / Proposed by InterDigital
	5GC-provided assistance to UEs and AF, in the form of analytics and predictions, based on AF inputs to assist AF application AI/ML operations, e.g., an operation that requires FL group member selection assistance by the 5GC, of which the final decision is controlled by the AF. Assistance, may be provided through new functionality in the form of an enhancement of an existent function (e.g., NEF) or a new 5GC NF, based on the criteria specified by the AF, to select the group of UEs which will be part of FL operation
	This principle does not seem agreeable as is, it needs further clarification, e.g., further evaluation whether a new NF is required or enhancements to existing functions are sufficient. However it is generally agreed that the 5GS does not need understanding of AIML logic.

	Apple
	
	-

	CATT
	There is no need to introduce a new 5GC NF. Other descriptions are fine
	Disagree with the description related to new 5GC NF

	Google
	Agree that 5GC does not require understanding of AIML logic. The need for a new NF or enhancement of existing NF to support the procedure for the AF to request event/analytics exposure and 5GC’s assistant information need further discussion in solution evaluation phase.

	Neutral (need solution evaluation)

	Huawei
	
	-

	InterDigital Inc.
	
	Agree

	Lenovo
	Whether 5GC shall provide assistant information to UEs needs further discussion
	Neutral

	LGE
	New service operation need to be provided by existent function or a new 5GC NF.
	Agree

	OPPO
	FL member selection criteria and final set of FL members shall be decided by AF
	Agree

	Samsung
	Prefer the new 5GC NF option for reasons outlined in General. NEF is not an appropriate function since the (AI/ML-based) AF may be trusted.
	Agree

	Vivo
	We prefer the AF can interact with related NF to get the assistance info directly or via NEF, no other new dedicated NF should be introduced.
	Disagree

	Principle#7 Application AIML content assistance / Proposed by InterDigital
	5GC assistance information for the FL operation may have different levels of detail E.g., building a candidate list of UEs or provide just analytic data for the AF to build that list. 5GC assistance support for the application FL operation, however, does not need to be aware of the application training models and/or mechanisms as it is application implementation decision. Therefore, 5GC does not require understanding of AIML logic and the request from AF shall clear and with sufficient detail (for example top 10 UE in PER in candidate UE list) according to the nature of the assistance provided by the 5GC, the 5GC inputs may be simple or more elaborate. E.g., 5GC may provide assistance information that includes a list 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), including FL operation across multiple geographical areas which may not be adjacent with each other. 5GC assists UE member selection to support AF’s FL operation based on the data set over the “visited AOI” (i.e., historical nomadic area information)
	This principle seems to be generally agreed; however some companies requested further details

	Apple
	
	-

	CATT
	Agree with that “5GC assistance support for the application FL operation, however, does not need to be aware of the application training models and/or mechanisms as it is application implementation decision”.
The detailed parameters need further evaluation
	See the comment

	Google
	Agree that 5GC does not require understanding of AIML logic. The details about the procedure for the AF to request event/analytics exposure and 5GC’s assistant information need further discussion in solution evaluation phase.
	Neutral (need solution evaluation)

	Huawei
	
	-

	InterDigital Inc.
	
	Agree

	Lenovo
	The principle is generally ok. The details of assistant information provided by AF needs further discussion.
	Agree

	LGE
	5GC assistance information for FL operation may have different levels of detail according to the request from AF.
5GC may provide different sets of assistance information. (e.g., lists of UEs for different time windows or different areas)
	Agree

	OPPO
	Fully support the considerations as described above
	Agree

	Samsung
	The description is too detailed to be agreeable although the principle is fine. In addition, while we agree the 5GC need not understand the AI/ML logic it does need to understand there is a group of UEs participating in FL to provide a meaningful candidate list
	See comments

	Vivo
	
	-

	Principle#8 
	
	Move principle#8 to KI#6

	Principle#9 Optimal 5GC assistance for performance monitoring for the QoS and bit rate aggregation to assist AF to perform the Group UEs’ performance measurement 
	
	Move principle#9 to KI#1 as it is more belonged to performance monitoring

	Principle#10 5GC assistance for the FL member selection by customizing MOS or QoE metrics at the UE specified by the AF/ Proposed by OPPO
	Extending the existing NWDAF analytics to support customized MOS or QoE metrics at the UE which are specified by the AF in order to assist the FL member selection.
	The company who originally proposed this principle no longer supports it. In addition, other companies have further comments. Therefore, we proposed to drop this principle

	Apple
	
	-

	CATT
	
	-

	Google
	Agree to support NWDAF enhancement for QoS related analytics exposure, e.g., QoS substantiality Analytics, in assisting FL member selection by the AF. It is not clear whether MOS/QoE has direct impacts on FL member selection. Further details need solution evaluation
	Neutral (need solution evaluation)

	Huawei
	
	-

	InterDigital Inc.
	This principle should be merged with Principle#16 below, which also addresses QoS mechanisms for a group of UEs
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	OPPO submitted this AP with the intent to solicit feedback. OPPO itself has no interest for this AP because it introduces additional complexity to the UE’s internal logic to handle such customized MOS or QoE metrics which have not been fully defined w.r.t. to the FL training
	Disagree

	Samsung
	
	Neutral

	Vivo
	
	-

	Principle#11: 5GC assistance for prescheduled FL data transmission with specified QoS performance / Proposed by OPPO
	5GC shall leverage existing mechanism as much as possible to assist FL operation to reserve network resource for prescribed periods to support prescheduled FL data transmission according to the required QoS performance.
	This principle requires further discussion, one company had suggested for it to be merged while other company disagrees to the principle altogether

	Apple
	
	-

	CATT
	
	-

	Google
	Agree to leverage existing mechanisms as much as possible
	Neutral (need solution evaluation)

	Huawei
	
	-

	InterDigital Inc.
	This principle should be merged with Principle#16 below, which also addresses QoS mechanisms for a group of UEs
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	To optimize the network planning to support group FL transmission, the ability to pre-schedule the data transmission to reserve network resource is essential in some cases and 5GC has existing mechanisms which can be extended to support the planned FL group data transmission
	Agree

	Samsung
	The principle assumes that there’s a mechanism to pre-schedule data transmission for FL, but it is unclear which existing mechanism would be used and if/how the network would know it is for FL. It is also not acceptable for us to assume that FL data transmission schedule can always be predicted since it may depend on highly unpredictable local UE conditions.
	Disagree

	Vivo
	
	-

	Principle#12: No network resource allocation to non-confirmed UE in FL operation / Proposed by OPPO

	No network resource shall be allocated to the UE which has not been confirmed by the AF for participating in the given FL operation.  
	This principle seems generally agreeable, although it requires further details, as seeing on the evaluation comments provided by some companies

	Apple
	
	-

	CATT
	
	Agree

	Google
	
	-

	Huawei
	
	Agree

	InterDigital Inc.
	This statement is too broad, and it is not clear whether synchronization aspects need to be handled. E.g., the UE may request resources prior to the AF determining that this UE should be removed from the FL operation. While we see value, it needs some further clarification
	Neutral

	Lenovo
	
	Agree

	LGE
	Network resources can be wasted if resources allocated to UEs in advance, but some of the UEs are not selected by AF for FL.
	Agree

	OPPO
	It is important to conserve network resources when supporting the FL operation.
	Agree

	Samsung
	This is an unclear principle – what does it mean non-confirmed? The AF always has the final decision on the UE member selection, so how can a UE reserve resources without having been notified by the AF?
	Lack of clarity

	Vivo
	
	-

	Principle#13: 5GC assistance to the application FL operation based on concrete training parameters / Proposed by OPPO  

	5GC leverages the training parameters provided by the AF to support application FL operation shall NOT be unstable parameters (e.g., the number of training rounds, end point entity’s computing resources, training mode etc.) to be used for influencing the 5GC decision and for allocating the 5GC network resources to assist the application AI/ML operation.    
	This principle cannot be agreed as is. Some companies requested clarification. E.g., at least two companies question what “concrete training parameters” mean


	Apple
	
	-

	CATT
	It is still unclear what “concrete training parameters” means. 
5GC assistance support for the application FL operation, however, does not need to be aware of the application training models and/or mechanisms as it is application implementation decision. (See Principle 7)
	See Principle#7

	Google
	5GC shall enforce QoS requested by the AF which is with application logic for the AI/ML operation. “Concrete training parameters” are application logic.

	Disagree

	Huawei
	
	Agree

	InterDigital Inc.
	
	Agree

	Lenovo
	
	Agree

	LGE
	
	Agree

	OPPO
	Only the committed information (e.g. Group Id, AoI of the FL training coverage etc.) about the FL operation should be provided by the AF to 5GC to assist the FL operation
	Agree

	Samsung
	This is an unclear principle: what are ‘concrete’ training parameters? What are ‘unstable’ parameters? We don’t think we should restrict the assistance to FL using unclear or unknown terms to the 5GC.
	Disagree

	Vivo
	
	-

	Principle#14: 5GC assistance to application FL operation with the monitoring support for aggregated bit rate consumption 

	
	Remove principle#14, as it is duplicate in KI#1 and this KI is about resource monitoring (KI#1)

	Principle#15: Proposed by Qualcomm
	AF provides UE filtering policy to AIML assisted function; the details of the UE filtering can be further evaluated. 
NEF checks the User Consent after receiving AF request. 
Both the UE and the application server exchanges the FL operation information such as UE capability, UE’s wishes, location information. This operation takes place in the application layer.


	This principle requires further clarifications. At least one company disagree, and other companies have questions.

	Apple
	
	-

	CATT
	
	Agree

	Google
	Agree that user consent consideration is needed. There are two aspects:
· The 5GC needs to ensure that the user consent of UE-related event/ analytics exposures is in place before exposing the UE-related information. 
· The user consent for FL operation is between the AF and UE.

	Neutral (need solution)

	Huawei
	UE’s wishes (we believe it should be user’s wishes), i.e., whether the user allows the UE to join the application FL, should be part of user consent
	Disagree

	InterDigital Inc.
	Aspects pertaining to User Consent should be addressed in Principle#3, which already addresses User intent/wishes
	Agree/Neutral

	Lenovo
	Generally ok. Details need to be clarified.
	Neutral

	LGE
	
	-

	OPPO
	OPPO supports this AP with the exception that the AIML assisted function may be a better NF to check the User Consent
	Agree (with clarification)

	Samsung
	
	Neutral

	Vivo
	It is necessary for AF to provides filtering information to reduce the amount of data exposing and the involved UE number.
But the user consent checking here is not very clear, is it checking UE’s wish to participate the FL procedure?

	Agree (with clarification)

	Principle #16: Enhancements on AF session with required QoS procedures / Proposed by Samsung
	AF requesting QoS for a list of UEs participating in FL with QoS requirements and receiving result for each UE will be supported by enhancements in AF session with required QoS procedures.   
	This principle requires further clarification.  No company fully agrees to it and at least one company has questions on it.

	Apple
	
	-

	CATT
	Needs further evaluation
	Neutral

	Google
	We are fine to consider the enhancement of AFsessionWithQoS_Create/Update/Notify service operation in solution evaluation process.
	Neutral (need solution evaluation)

	Huawei
	Detail shall be clarified in principle.
	Neutral

	InterDigital Inc.
	The principle is too high level, i.e., it requires further explanation as to what procedures/architectural impacts should be addressed
	Neutral

	Lenovo
	Generally ok. Details need to be clarified
	Neutral

	LGE
	
	-

	OPPO
	OPPO does not fully understand this AP and need further clarifications on the meaning of “receiving result” which is stated in the AP.  It is unclear in what kind of result was implying by this AP?
	TBD

	Samsung
	As in description, the QoS requirements in the group members are the same.
	Agree

	Vivo
	
	-

	Principle #17: Enhancements on PCF discovery of BSF / Proposed by Samsung
	Discovery of more than one PCFs for the list of UE addresses participating in FL will be supported in BSF
	This principle requires further clarification.  No company fully agrees to it and at least one company has questions on it.

	Apple
	
	-

	CATT
	Needs further evaluation
	Neutral

	Google
	
	-

	Huawei
	Detail shall be clarified in principle.
	Neutral

	InterDigital Inc.
	
	Neutral

	Lenovo
	
	Neutral

	LGE
	
	-

	OPPO
	OPPO is not sure why this AP is needed since UE’s serving PCF discovery can be done today via BSF
	TBD

	Samsung
	As in description
	Agree

	Vivo
	
	

	Principle #18: Permitted 5GC implicit awareness of application FL operation / Proposed by Samsung
	The 5GC is allowed to be implicitly aware of an application FL operation where multiple UEs participate/coordinate in a distinct manner in order to provide meaningful assistance 
	At least three companies have issues with this Principle. It therefore cannot be agreed at this point

	Apple
	Not clear what level of awareness in the network is required of the FL operation
	Disagree

	CATT
	See Principle #2 in General Arch principles, i.e., whether 5GC is aware of the application AI/ML operation type.
	See Principle #2 in General Arch principles

	Google
	5GC shall enforce QoS requested by the AF which is with application logic for the AI/ML operation. Need solutions justification about meaningful assistance.

	Disagree

	Huawei
	
	-

	InterDigital Inc.
	We supported this principle however we think there is a need to clarify what “implicitly” aware entails. What needs to be supported to enable this principle
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	OPPO does not understand what implicit awareness is meant in the above description
	TBD

	Samsung
	Since assistance to UE selection for a FL group is indeed a dedicated mechanism for FL, the 5GC/assistant NF needs to be aware that a FL operation is taking place and it requires support
	Agree

	Vivo
	
	-

	Principle #19: Support for UE-based decision on timing of model sharing / Proposed by Samsung
	As it is not always predictable when the UE will be ready to share a local trained model, the 5GS must provide architectural support so that the sharing happens at a time locally decided by the UE.
	At least three companies have issues with this Principle. It therefore cannot be agreed at this point

	Apple
	
	-

	CATT
	Needs further evaluation of the solution.
	Neutral

	Google
	3GPP has mechanism in place to allow the UE requesting the uplink resources whenever needed. It is not clear what is missing from existing mechanism to support AI/ML model sharing.
	Disagree

	Huawei
	
	-

	InterDigital Inc.
	The UE shall be able to convey information as to when it is ready to execute a specific FL operation, in time and space. 
	Agree

	Lenovo
	
	-

	LGE
	
	-

	OPPO
	The timing should not be just decided by the UE, the AF needs to be involved in order to trigger the 5GC assistant to support data transfer between the two UE.
	Disagree

	Samsung
	As in description
	Agree

	Vivo
	It is more reasonable to negotiate between AF and UE in application layer, not clear what’s the NW impacts here.
	Disagree

	Summary of Architectural Principles for KI#7
	Principles #1, #3, #4, #7 and #12 seem to be agreeable based on the inputs from at least 10 companies:

· Principle#1: Guarantee that the maximum aggregated bit rate of a FL group does not exceed a threshold. Companies generally agree this is valid principle and it should stan on its own right. I.e., not merged in Priciple#16
· Principle#3: This principle seems agreeable with regards to User Consent. Network consent requires further explanation. 
· Principle#4: Generally agreeable that the existing capabilities in 5GS with regards to Network Data Analytics can be leveraged, e.g., leverage analytics, security/privacy addressed by SA3, monitoring support of aggregated bit rate consumption in FL group. Specific details of each solution may still need further clarification
· Principle#7: It is generally agreeable that the 5GC need not understand the AI/ML logic however the 5GC needs to be capable of providing different levels of information as requested by the AF 
· Principle#12: There are no specific objection (in the form of a disagreement) however some companies require further clarification. E.g., how can a UE reserve resources without having been notified by the AF?
· 
Principles #2, #6, #10, #11, #13, #15, #16, #17, #18 and #19 did not get sufficient support from evaluating companies

Interim Conclusion:

· It is suggested to consider Principles #1, # 3, #4, #7 and #12 as the basis for normative work, taking into consideration specific questions and clarification requested by evaluating companies.







Moderator’s Proposed Way Forward:
Evaluation proposal:
· It is proposed using principles #1, # 3, #4, #7 and #12 as basis for solution evaluation, highlighting specific aspect of these principles that support components of the solution
· Using aspects of principles 2, #6, #10, #11, #13, #15, #16, #17, #18 and #19 may still be possible, if these aspects are supported by clear positive evaluations that have not controversial counterarguments  


Interim Conclusion:

Principles #1, # 3, #4, #7 and #12 can be referenced to when evaluating solutions supported by the principle.
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