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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
This discussion paper investigates issues related to model control from the perspective of functionality/model identification and model management.
2. Discussion
2.1	Model/functionality identification
RAN1 112bis-e meeting[1] has agreed on the definitions of functionality-based and model-ID-based AI/ML LCM as follow,
	Agreement
· For AI/ML functionality identification and functionality-based LCM of UE-side models and/or UE-part of two-sided models:
· Functionality refers to an AI/ML-enabled Feature/FG enabled by configuration(s), where configuration(s) is(are) supported based on conditions indicated by UE capability.
· Correspondingly, functionality-based LCM operates based on, at least, one configuration of AI/ML-enabled Feature/FG or specific configurations of an AI/ML-enabled Feature/FG.
· FFS: Signaling to support functionality-based LCM operations, e.g., to activate/deactivate/fallback/switch AI/ML functionalities
· FFS: Whether/how to address additional conditions (e.g., scenarios, sites, and datasets) to aid UE-side transparent model operations (without model identification) at the Functionality level
· FFS: Other aspects that may constitute Functionality
· FFS: which aspects should be specified as conditions of a Feature/FG available for functionality will be discussed in each sub-use-case agenda.
· For AI/ML model identification and model-ID-based LCM of UE-side models and/or UE-part of two-sided models:
· model-ID-based LCM operates based on identified models, where a model may be associated with specific configurations/conditions associated with UE capability of an AI/ML-enabled Feature/FG and additional conditions (e.g., scenarios, sites, and datasets) as determined/identified between UE-side and NW-side.
· FFS: Which aspects should be considered as additional conditions, and how to include them into model description information during model identification will be discussed in each sub-use-case agenda.
· FFS: Relationship between functionality and model, e.g., whether a model may be identified referring to functionality(s).
· FFS: relationship between functionality-based LCM and model-ID-based LCM
· Note: Applicability of functionality-based LCM and model-ID-based LCM is a separate discussion.
Agreement
· Study necessity, mechanisms, after functionality identification, for UE to report updates on applicable functionality(es) among [configured/identified] functionality(es), where the applicable functionalities may be a subset of all [configured/identified] functionalities.
· Study necessity, mechanisms, after model identification, for UE to report updates on applicable UE part/UE-side model(s), where the applicable models may be a subset of all identified models.



Inspiring by RAN1, RAN2 should firstly align the understanding of functionality and model-ID to further make progress on the procedures of functionality/model identification.
Proposal 1：RAN2 to further discuss the signaling procedures of identification based on the definition of functionality-based LCM and model-ID-based LCM:
· functionality-based LCM operates based on, at least, one configuration of AI/ML-enabled Feature/FG or specific configurations of an AI/ML-enabled Feature/FG.
· model-ID-based LCM operates based on identified models, where a model may be associated with specific configurations/conditions associated with UE capability of an AI/ML-enabled Feature/FG and additional conditions (e.g., scenarios, sites, and datasets) as determined/identified between UE-side and NW-side.
On top of that, model identification is a process to make common understanding between NW and UE, in order to achieve AI/ML LCM when each LCM function resides in different 3GPP-defined entities. RAN1#111 meeting gave working assumptions about model/functionality identification:
	Working Assumption 
	Terminology
	Description

	Model identification
	A process/method of identifying an AI/ML model for the common understanding between the NW and the UE
Note: The process/method of model identification may or may not be applicable.
Note: Information regarding the AI/ML model may be shared during model identification.

	Functionality identification
	A process/method of identifying an AI/ML functionality for the common understanding between the NW and the UE
Note: Information regarding the AI/ML functionality may be shared during functionality identification.
FFS: granularity of functionality





Based on above contributions, we assume that the related procedures of model identification regarding different initiating entities are illustrated in Figure 1 and Figure 2 respectively.


[bookmark: _Ref134552288][bookmark: _Ref134522757]Figure 1: General procedures of NW-initiated model identification


[bookmark: _Ref134552295]Figure 2: General procedures of UE-initiated model identification
Besides, Figure 3 illustrates the procedures of functionality identification, which may only require UE capability of AI/ML-enabled features/feature groups.


[bookmark: _Ref134523406]Figure 3: General procedures of functionality identification
Overall, Step 1 can be achieved by RRC message to report UE capability of AI/ML-enabled features or feature groups; and Step 3 can also be realized via RRC message to update NW or UE, which actually takes control of LCM, with applicable conditions, when the model maintainer (UE or NW) changes the conditions to apply the corresponding models. Whereas, Step 2 should be discussed in a case-specific manner. It can be included in RRC if it is CSI compression or beam management, while when it comes to positioning enhancement, the NW can refer to LMF, where LPP message can support such interaction. Most importantly, for NW-initiated model identification, where UE needs to download the model from NW, Step 2 can be inherently integrated with model transfer/delivery, if supported.
Proposal 2: The procedure of model/functionality identification may include:
· UE capability transfer of AI/ML-enabled Feature/FeatureGroup
· Additional conditions update for model control (e.g., scenarios, sites, and datasets)
Proposal 3: If model transfer/delivery is supported, NW-initiated model identification can be achieved during the procedure of model transfer/delivery.
2.2	Model management
2.2.1	Definition of model management
There has been an agreement in RAN2#121bis-e meeting as follow.
	The general AI/ML framework consist of, (i) Data Collection, (ii) Model Training, (iii) Model Management, (iv) Model Inference, and (v) Model Storage.


The exact definition of (iii) model management has not been captured. From our perspective, if model management consists of AI/ML framework, it should at least be made up of the functionality of model monitoring and the operation of model selection/activation/deactivation/switching/fallback. The relationship in between can be that, the result of model monitoring may decide the succeeding operations regarding model selection/activation/deactivation/switching/fallback.
Proposal 4: RAN2 to discuss the definition of model management and the following can be a starting point:
· Model management: A functionality to perform the operation of model selection/activation/ deactivation/switching/fallback based on the model monitoring result.
2.2.2	Monitoring types
Model monitoring can be performed at any entity involved in the UE-NW interaction process. Since we attribute model monitoring as part of model management, it is natural that model monitoring takes place at the entity who manages the models. However, we assume that model monitoring can resided in the different entity to the one that make the decision of model selection/ activation/deactivation/switching/fallback. For instance, UE monitors the model while NW decides on the following operations based on the monitoring result.
Observation 1: Model monitoring can reside in the different entity which controls model selection/ activation/ deactivation/ switching/ fallback.
We can categorize monitoring entities into UE and NW for further discussion, where NW can be further classified as RAN nodes and the CN functions (i.e. LMF for positioning).
Observation 2: Model monitoring can refer to the entity that performs the behavior of monitoring:
· UE
· NW, i.e., gNB or LMF
Model monitoring usually follows the principle to obtain a so-called performance metric, which is a criterion for model validity. This performance metric can be calculated with the model inference output and the ground truth label i.e. measurement from legacy schemes (except for input-based monitoring for positioning). There exist rules to evaluate the model performance and hence to determine how to control the model.
In this understanding, when UE plays the role of model monitoring, it works out for the UE-sided model. Since the model output is generated by UE itself, UE could generate the performance metric instantly and proceed with succeeding operations. It introduces no impact on the current implementation. On the contrary, if UE monitors the NW-sided model, NW would needlessly transfer the output and label to UE, let alone the limited competence of UE to complete the monitoring task and to react swiftly. 
NW, with full capability, is capable of monitoring both the UE-sided model and the NW-sided model. Most importantly, in some cases, the UE-sided model output reports to NW inherently. 
One special case for CSI compression is the two-sided model. The monitoring can be performed at either UE or NW towards the model residing at themselves. Therefore, we impel to narrow down the monitoring entity applied to different model deployments:
Proposal 5: Regarding the applied model deployment type, model monitoring can be classified as:
· Case 1: UE monitoring UE-sided model
· Case 2: UE monitoring two-sided model
· Case 3: NW monitoring NW-sided model
· Case 4: NW monitoring UE-sided model
· Case 5: NW monitoring two-sided model
With a down selection for each entity to perform model monitoring, we analyse the possible signalling enhancement case by case.
Case 1. UE monitoring UE-sided model
UE collects the label and monitors the model output from itself. UE itself decides the performance metric.
Proposal 6: UE monitoring UE-sided model can be based on UE implementation.
Case 2. UE monitoring two-sided model
Based on RAN1’s agreement, The UE-side monitoring performs towards output-CSI-UE and the output of the reconstruction model. There exist two alternatives to obtain the output of the reconstruction model. One is that the output of the NW-sided model needs to be indicated to UE. Another is that UE maintains a reconstruction model itself with no information requested from NW. 
Most importantly, since CSI compression calls for the alignment of both the construction and reconstruction models, no matter UE or NW, once decides on the monitoring result and further proceeds on model activation/ deactivation/ switch/ fallback, it should notify the other side about the decision.
Proposal 7: The procedure of UE monitoring two-sided model may include:
· UE may request NW about the NW-sided model output
· NW may inform UE of the requested NW-sided model output
[bookmark: _Hlk134805542]Case 3. NW monitoring NW-sided model
For the NW-sided model, the NW has the model output itself. Even for the input-based monitoring in positioning, the model input is known by NW inherently. However, to calculate the performance metric, it needs to collect the ground truth label from UE or another entity. For example, in the case of Type 1 CSI compression, UE transfers the estimated uncompressed information of CSI to gNB as the label for monitoring. The left monitoring operations can be covered by NW with no UE perception.
Proposal 8: The procedure of NW monitoring NW-sided model may include:
· NW may request UE about the ground truth label
· UE may inform NW of the requested ground truth label
One slightly special use case is positioning, which differentiates NW further into LMF and RAN nodes separately. In the identified positioning cases, the gNB-sided model is employed to obtain the intermediate feature for the AI-assisted location calculation. Under this condition, LMF to monitor gNB’s model output is selected as the promising solution. As this case requires gNB to transfer the output to LMF for the location estimation, the left enhancement for model monitoring is how LMF obtains labels to determine the model performance.
When it comes to monitoring gNB’s model input, LMF needs to collect the distribution of training data input and the model input together. Since model training is expected to be performed at LMF, it only requests model input transfer with gNB. Besides, LMF should indicate gNB whether the model switch/ activation/deactivation/ fallback is implemented consequently.
Proposal 8a: The procedure of LMF monitoring gNB-sided model may include:
· For output-based monitoring:
· LMF may request gNB about the ground truth label
· gNB may inform LMF of the ground truth label
· For input-based monitoring:
· LMF may request gNB about the model input (or the distribution of model input)
· gNB may inform LMF of the model input (or the distribution of model input)
Case 4. NW monitoring UE-sided model
Considering UE’s restricted capability may not be able to collect vast data and make a wise decision, NW could help UE with model monitoring and decisions on succeeding model control. However, it could also be a burden to transfer the model output if NW does not require it. A split of monitoring functions could be the one to calculate the performance metric and the other to make the final decision. In this way, NW is destined to be the one to make decisions, and UE acquires the performance metric and passes to NW with less signaling overhead.
Proposal 9: When NW monitors the UE-sided model based on the model output, UE should provide the calculated performance metric instead of the model output and label, to reduce the signaling overhead.
After making decisions on model validity based on the UE report on model performance, NW may feedback the decision consequently.
Proposal 10: The procedure of NW monitoring UE-sided model may include:
· NW may request UE about the performance metric
· UE may inform NW of the requested performance metric
When it comes to monitoring UE’s model input for positioning, LMF needs to collect the distribution of training data input and the model input together. Since model training is expected to be performed at LMF, it only requests model input transfer with UE. LMF indicates the model control decisions back to UE.
Proposal 10a: The procedure of LMF monitoring UE-sided model may include:
· LMF may request UE about the model input (or the distribution of model input)
· UE may inform LMF of the requested model input (or the distribution of model input)
Case 5. NW monitoring two-sided model
The NW-side monitoring performs towards output-CSI-NW and the realistic channel estimation associated with the CSI report from UE. Since the output is generated by NW with no specification impact. However, it requires for realistic CSI measurement report, even when the reconstructed CSI can be obtained at NW through the AI model. One raises that the realistic CSI can be substituted by UL-CSI measured via SRS based on implementation. On top of that, NW needs to update UE with the monitoring result, for the purpose that UE could do the same operation on the paired model.
Proposal 11: The signaling procedure of NW monitoring two-sided model may include:
· NW may request UE about the ground truth label, e.g., realistic CSI report
· UE may report NW about the ground truth label
2.2.3	Issues on control operations
Taking Section 2.2.2 as a starting point, the control of model activation/ deactivation/ switch/ fallback can be performed by UE or NW respectively. We would like to identify the possibility for the application of each cases in regard to the model type. UE is able to control UE-sided model in a functionality-based LCM. On the other hand, NW is suitable for the control of UE/NW/two-sided model in consideration of its competence. Further combining the model monitoring entity, we make the following observation from the perspective of the entity to control model activation/ deactivation/ switch/ fallback:
Observation 3: Based on Proposal 5, the following two scenarios should be considered for model management:
· Scenario 1: UE may perform model management in Case 1
· Scenario 2: NW may perform model management in Case 1-5
2.2.3.1	Management interaction
On the basis of Observation 3, we further investigate who to initiate the control operation.
Scenario 1
In this scenario, UE itself monitors the model performance and take decisions on control of model activation/ deactivation/ switch/ fallback among the models that it maintains. This can be a total UE independent implementation. Another realization is that NW can configure UE with the trigger event for model activation/ deactivation/ switch/ fallback without report to NW.
Scenario 2
For Case1/2:
UE-initiated operation applies to UE monitoring UE/two-sided model. In this sense, NW can configure UE with the threshold of performance metric to report NW. Besides, with or without the trigger condition, UE can initiate a request for control operation to NW.
For Case 3-5:
As for NW monitoring, the control is inherently made by NW.
In summary, we thus propose:
Proposal 12: UE can decide the control operation in the case of UE monitoring UE-sided model based on UE implementation.
Proposal 13: NW can decide the control operation in the case of:
· UE monitoring in the way that:
· NW may configure UE threshold to report performance metric;
· UE may request NW to control with or without a trigger event
· [bookmark: _GoBack]NW monitoring based on NW implementation.
2.2.3.2	Potential signaling
In regard to the signaling about model activation/ deactivation/ switch/ fallback, the management configuration can be achieved via RRC/LPP messages similar to other use-case specific configurations. As for the operation feedback in response to UE’s request, it can be time-sensitive in some degree. We thus believe RRC/LPP and MAC (at least for CSI compression and beam management) can be considered to transmit a fast request/provision of model operation decision.
Proposal 14: Model management configuration can be transferred via RRC/LPP messages; model management decision can be transferred via RRC/LPP and MAC (at least study for CSI compression and beam management) messages.
3. Conclusion
Based on the above discussion the following observations are made,
Observation 1: Model monitoring can reside in the different entity which controls model selection/ activation/ deactivation/ switching/ fallback.
Observation 2: Model monitoring can refer to the entity that performs the behavior of monitoring:
· UE
· NW, i.e., gNB or LMF
Observation 3: Based on Proposal 5, the following two scenarios should be considered for model management:
· Scenario 1: UE may perform model management in Case 1
· Scenario 2: NW may perform model management in Case 1-5
We hence propose,
model/functionality identification
Proposal 1：RAN2 to further discuss the signaling procedures of identification based on the definition of functionality-based LCM and model-ID-based LCM:
· functionality-based LCM operates based on, at least, one configuration of AI/ML-enabled Feature/FG or specific configurations of an AI/ML-enabled Feature/FG.
· model-ID-based LCM operates based on identified models, where a model may be associated with specific configurations/conditions associated with UE capability of an AI/ML-enabled Feature/FG and additional conditions (e.g., scenarios, sites, and datasets) as determined/identified between UE-side and NW-side.
Proposal 2: The procedure of model/functionality identification may include:
· UE capability transfer of AI/ML-enabled Feature/FeatureGroup
· Additional conditions update for model control (e.g., scenarios, sites, and datasets)
Proposal 3: If model transfer/delivery is supported, NW-initiated model identification can be achieved during the procedure of model transfer/delivery.
Model management
Proposal 4: RAN2 to discuss the definition of model management and the following can be a starting point:
· Model management: A functionality to perform the operation of model selection/activation/ deactivation/switching/fallback based on the model monitoring result.
Proposal 5: Regarding the applied model deployment type, model monitoring can be classified as:
· Case 1: UE monitoring UE-sided model
· Case 2: UE monitoring two-sided model
· Case 3: NW monitoring NW-sided model
· Case 4: NW monitoring UE-sided model
· Case 5: NW monitoring two-sided model
Proposal 6: UE monitoring UE-sided model can be based on UE implementation.
Proposal 7: The procedure of UE monitoring two-sided model may include:
· UE may request NW about the NW-sided model output
· NW may inform UE of the requested NW-sided model output
Proposal 8: The procedure of NW monitoring NW-sided model may include:
· NW may request UE about the ground truth label
· UE may inform NW of the requested ground truth label
Proposal 8a: The procedure of LMF monitoring gNB-sided model may include:
· For output-based monitoring:
· LMF may request gNB about the ground truth label
· gNB may inform LMF of the ground truth label
· For input-based monitoring:
· LMF may request gNB about the model input (or the distribution of model input)
· gNB may inform LMF of the model input (or the distribution of model input)
Proposal 9: When NW monitors the UE-sided model based on the model output, UE should provide the calculated performance metric instead of the model output and label, to reduce the signaling overhead.
Proposal 10: The procedure of NW monitoring UE-sided model may include:
· NW may request UE about the performance metric
· UE may inform NW of the requested performance metric
Proposal 10a: The procedure of LMF monitoring UE-sided model may include:
· LMF may request UE about the model input (or the distribution of model input)
· UE may inform LMF of the requested model input (or the distribution of model input)
Proposal 11: The signaling procedure of NW monitoring two-sided model may include:
· NW may request UE about the ground truth label, e.g., realistic CSI report
· UE may report NW about the ground truth label
Proposal 12: UE can decide the control operation in the case of UE monitoring UE-sided model based on UE implementation.
Proposal 13: NW can decide the control operation in the case of:
· UE monitoring in the way that:
· NW may configure UE threshold to report performance metric;
· UE may request NW to control with or without a trigger event
· NW monitoring based on NW implementation.
Proposal 14: Model management configuration can be transferred via RRC/LPP messages; model management decision can be transferred via RRC/LPP and MAC (at least study for CSI compression and beam management) messages.
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