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Comments
This pCR proposes the following:
- Make a minor update to current description of sustainable AI/ML framework defined in clause 6.0, replacing “this information” (which is vague and can be misread) with “the configured energy information” (which clarifies that this is not the external consumers that are implied). 
- Add a new use case to clause 6.1 “Sustainability for ML Training”. This use case, called energy-aware FL training process observability, is framed within the functional requirements defined in clause 6.0.2, and defines the ability of an FL server to be informed if there is any change of the configured energy information on FL clients participating in a FL training process. These changes, which can be triggered by the operator anytime (based on the information the operator gets e.g. on externa energy suppliers), can make that one or more participating FL clients no longer fulfil the FL client selection criteria. By being informed of these changes, the FL server can make informed decisions. 

Proposed Changes
* * * First Change * * * *
[bookmark: _Hlk210400963][bookmark: _Toc210404862][bookmark: _Toc211334349][bookmark: _Toc211635628][bookmark: _Toc211873275][bookmark: _Toc211873358][bookmark: _Toc211873437][bookmark: _Toc214900967][bookmark: _Toc214901338]6	AI/ML sustainability 
[bookmark: _Toc214900968][bookmark: _Toc214901339]6.0	Sustainable aspects of ML model training and inference
[bookmark: _Toc214900969][bookmark: _Toc214901340]6.0.1	Description
ML model training and AI/ML inference can require substantial computing power and therefore significant energy. 
For sustainability goals in AI/ML management, it is valuable for the 3GPP management system to reflect the type of energy supplied to the managed entities that are used for ML model training and AI/ML inference (for example, renewable and/or carbon related information). The operator handles this energy related information (e.g., see EnergySupplyInfo in TS 28.310 [9]) in the 3GPP management system, based on knowledge of the infrastructure it manages. In particular: 
- the operator obtains energy related information typically based on data from external energy suppliers; the operator sets, maintains and updates the association of energy related information to managed entities that support ML model training and inference, by configuration of the Energy Information defined in TS 28.310 [9]. 
- the operator defines access control rules/policies to determine what managed entities (e.g. NFs, AI/ML functions) can gain access to the configured energythis information.  
In the context of ML model training and AI/ML inference, the MnS producer can read the operator-configured energy related information, subject to operator-defined access control. By having access to this information, the MnS producer can support receiving training/inference requests containing energy related information. These requests are triggered by the operator, who performs the role of MnS consumer. 
In the context of ML model training, the MnS producer can also expose the operator-configured energy related information to other training functions, for the case these training functions need to know this information for selection criteria. This happens for example in Federated Learning (where FL client, acting as MnS producer, exposes energy related information to other training functions acting as FL servers, for them to manage FL lifecycle, e.g. choose FL clients based on energy criteria) and Distributed Training.
The MnS producer reads operator-configured information and applies it when selecting functions for model training or inference. The accuracy of this information depend on operator configuration and external agreements, and are outside the scope of MnS producer verification. 
[bookmark: _Toc214900970][bookmark: _Toc214901341]6.0.2	Potential requirements
REQ-ML_SUST-01. The 3GPP management system should enable the operator to configure and update the energy related information for the managed entities representing an ML model training function.
REQ-ML_SUST-02. The 3GPP management system should expose the energy information of the managed entities representing an ML model training function to authorised MnS consumers.
REQ-ML_SUST-03. The 3GPP management system should enable the operator to configure and update the energy information for the managed entities representing AI/ML inference.
REQ-ML_SUST-04. ML Training Function should enable an MnS consumer to request for ML model training with consideration to energy related information.
REQ-ML_SUST-05. ML Training Function should be able to adapt its training to the energy related information updates, according to the conditions provided by MnS consumer which requests the ML model training.
[bookmark: _Toc214900971][bookmark: _Toc214901342]6.0.3	Possible solutions
It is proposed one solution consisting of two parts: one impacting TS 28.310 [9] (see clause 6.0.3.1), and other impacting TS 28.105 [4] (see clause 6.0.3.2).
[bookmark: _Toc214900972][bookmark: _Toc214901343]6.0.3.1	Update Energy Information NRM fragment
It is proposed to update the Energy Information NRM fragment represented in 8.2.1 of TS 28.310 [9], by adding in ManagedEntity the following:
- The MLTrainingFunction IOC (see clause 7.3a.1.2.1 in TS 28.105 [4])
- The list of IOCs represented by AIMLSupportedFunction (see clause 7.3a.4.1.1 in TS 28.105 [4])
These additions require importing IOCs from 3GPP TS 28.105 [4].
[bookmark: _Toc214900973][bookmark: _Toc214901344]6.0.3.2	Update MLTrainingFunction 
It is proposed to add a new attribute to MLTrainingFunction IOC: “energyInfoGroupRef”. This attribute allows specifying the DN of the energyInfoGroup MOI representing the operator-configured energy information. 
[bookmark: _Toc214900974][bookmark: _Toc214901345]6.0.4	Possible solutions evaluation
The solution described in clause 6.0.3 is feasible. 
The part of the solution described in clause 6.0.3.1 allows satisfying REQ-ML_SUST-01 and REQ-ML_SUST-03.
The part of the solution described in clause 6.0.3.2 allows satisfying REQ-ML-SUST-02.
[bookmark: _Toc210404863][bookmark: _Toc211334350][bookmark: _Toc211635629][bookmark: _Toc211873276][bookmark: _Toc211873359][bookmark: _Toc211873438][bookmark: _Toc214900975][bookmark: _Toc214901346]6.1	Sustainability for ML training
Editor’s note: Similar clause structure as in subclause 5.1 will be adopted.
6.1.1	Energy-aware FL Training process observability
6.1.1.1	Description
When a training MnS producer receives a FL training request with energy related selection criteria on FL clients (see e.g. “Enhancement on LCM of Federated Learning” use case in clause 5.1.1.5 of the present document), the training MnS producer acting as FL server may use this information to select FL clients to participate in the FL process. 









However, the energy information of a participant FL client can be updated by the operator anytime, asynchronously, based on the data it gets from external energy suppliers . Updates on this information, for example, can cause that, in the middle of FL process execution, participant FL client(s) are no longer appropriate.. For example, a participant FL client can become non-appropriate when the used energy  is changed from renewable to non-renewable. Another example is if a battery-powered FL client runs out of battery. When there are changes on the energy information configured on FL clients, it is important that the FL server can be informed of these changes so it  can decide how to act upon the FL process (see NOTE). 
NOTE: What actions the FL server can trigger upon the FL process is not defined by 3GPP. Such actions remain implementation-specific, under the remit of FL server’s internal logic. 

6.1.1.2	Potential requirements
REQ-SUST-FL_OBSERVABILITY_ 01. The 3GPP management system should have a capability allowing a MLTrainingFunction acting as FL server to be informed of changes in configured energy information on participant FL clients. 
6.1.1.3	Possible solutions
REQ-SUST-FL_OBSERVABILITY_01 can be fulfilled with the existing Energy Information NRM fragment specified in TS 28.310 [9]. The FL server is informed of the attribute values (and their changes) that the operator configures on FL clients, and compare them against the selection criteria received in the FL training request.
When the FL server identifies that a participant FL client is no longer appropriate, the FL server can decide upon further actions using existing mechanisms defined in TS 28.105 [4]-
6.1.1.4	Possible solutions evaluation
The solution proposed for this use case satisfies the requirement REQ-SUST-FL_OBSERVABILITY_ 01 and therefore is feasible.


[bookmark: _Toc210404866][bookmark: _Toc211334351][bookmark: _Toc211635630][bookmark: _Toc211873277][bookmark: _Toc211873360][bookmark: _Toc211873439][bookmark: _Toc214900976][bookmark: _Toc214901347]6.2	Sustainability for AI/ML inference
Editor’s note: Similar clause structure as in subclause 5.1 will be adopted.


