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1. Introduction
RAN1 made the following agreements regarding model control procedures [1][2]:
	RAN1#110bis Agreement

For model selection, activation, deactivation, switching, and fallback at least for UE sided models and two-sided models, study the following mechanisms:

· Decision by the network 

· Network-initiated

· UE-initiated, requested to the network

· Decision by the UE

· Event-triggered as configured by the network, UE’s decision is reported to network

· UE-autonomous, UE’s decision is reported to the network

· UE-autonomous, UE’s decision is not reported to the network

FFS: for network sided models

FFS: other mechanisms

RAN1#111 Agreement

For UE-part/UE-side models, study the following mechanisms for LCM procedures:

· For functionality-based LCM procedure: indication of activation/deactivation/switching/fallback based on individual AI/ML functionality

· Note: UE may have one AI/ML model for the functionality, or UE may have multiple AI/ML models for the functionality.

· FFS: Whether or how to indicate Functionality
· For model-ID-based LCM procedure, indication of model selection/activation/deactivation/switching/fallback based on individual model IDs


In this contribution, we explore potential RAN2 impacts from the other model control components, namely model selection, activation, deactivation, switching, and fallback. Since model switching is the main LCM component in the aforementioned processes, we focus the discussion on model switching, based on the RAN1 agreements. 

2. Discussion
Model performance is often a function of prevailing radio conditions and UE mobility. A model that performs better in one scenario/environment will not always perform better in another, resulting in LCM procedures like model switching, selection, (de)activation and fallback to legacy. RAN1 agreed to study two mechanisms, NW-based and UE-based decision for model switching. 

2.1. Model switching decision by the network
The output of AI/ML models at the UE will have a direct impact on the Uu link in most cases. For example, CSI compression/prediction for the CSI use case and prediction of the best beam for the beam management use case will directly impact the throughput on the Uu link. As such, the network may monitor performance metrics and make decisions on model selection, (de)activation, switching and fallback to legacy, for models at the UE. In this case, the assumption is that the network has visibility of all the models at the UE and the network can do model monitoring based on UE measurement reporting (e.g., CSI reporting, BFR reporting, other measurement reports).

2.1.1. NW-initiated model switching
The network may send to the UE a performance report following the monitoring process which may include a command to switch to another model. The switch command may be a standalone indication to switch to another model or legacy mechanisms based on poor performance of the activated model. The switch command may include a performance report with some model performance monitoring metrics used by the network. The switch indication may also carry the target model ID in the case of model ID-based LCM. 
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Figure 1: NW decision, NW initiated-based model switching
Observation 1: 
Model performance monitoring for AI/ML models at the UE may be done at the network.
Observation 2: 
The network may send a model switching command to the UE, based on the model monitoring.
Observation 3: 
For functionality-based LCM, the switching command may not include the model ID.
Observation 4: 
The model switching command may be accompanied by the model ID of the target model for model ID-based LCM.
2.1.2. UE-initiated model switching
Performance monitoring may be done at the UE and reported to the network. Based on the performance report, the network may send a model switching command to the UE to switch to another model or to legacy mechanisms. The performance report may be a simple request for a model switch, or may include information on the performance monitoring metrics and results. Whether the performance report is sent periodically or is event-triggered is FFS. The model switching command from the network may be accompanied by the model ID of the target model in the case of model ID-based LCM. For the CSI compression use case, how to ensure that model switching and (de)activation happen simultaneously for the two-sided encoder and decoder must be studied.
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Figure 2: NW decision, UE initiated-based model switching
Observation 5: 
The UE may send a performance report to the network following model monitoring at the UE.
Observation 6: 
In response to the performance report, the network may send a model switching command to the UE.
Observation 7: 
The model switching command may also carry the model ID of the target model for model ID-based LCM.
NW-initiated and UE-initiated model switching based on NW decision
Based on the above analysis, model switching based on network decision will have some RAN2 signalling impact, irrespective of whether the switching is initiated by the network or the UE.
Observation 8: 
Network decision-based model switching will have some RAN2 signalling impacts for both NW-initiated and UE-initiated model switching.
Proposal 1: 
For functionality-based LCM, the network sends a switching command without model ID. The UE may switch to any model within the functionality.

Proposal 2: 
For model ID-based LCM, the UE switches to a specific model based on the target model ID included in the switching command from the network.

2.2. Model switching decision by the UE 
2.2.1. UE autonomous model switching
Based on model performance monitoring at the UE, the UE may decide to switch from one model to another.
2.2.1.1. UE’s decision is not reported to the NW

The UE may perform model switching autonomously among several models available at the UE without reporting its decision to the network. In this case, the model switching is transparent to the network and this scenario is left to UE implementation with no foreseeable RAN2 signaling impact.
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Figure 3: UE implementation-based model switching
Proposal 3: 
Model switching transparent to the network has no signaling impact.
2.2.1.2. UE’s decision is reported to the NW

Alternatively, even if the model switching decision is made autonomously at the UE, a switch indication may be sent to the network as a notification. The NW may not be aware of the models at the UE, but a model switching indication may send a notification of an expected change in performance.
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Figure 4: UE autonomous, decision reported to NW
Proposal 4: 
UE may send a switch indication to the NW to report its model switching decision.
2.2.1. Event-triggered model switching as configured by the NW
On the other hand, it is beneficial for the network to be aware of the model switching since any output from the AI/ML model is likely to impact the performance of the Uu interface. For example, CSI prediction/compression for the CSI use case or best beam prediction for the beam management use case will directly impact the throughput on the Uu link. Since each UE has knowledge of its own operation and measurements, while the network has overall knowledge from multiple UEs (e.g., from CSI reports, RLF reports, other measurement reports), it is useful for the network to be aware of model switching when the switching decision is initiated or made by the UE. Some event configuration by the network may be needed, for example, the level of poor performance that triggers a model switch, when the UE needs to report the model switch, and whether information on the new model must be included in the switch indication. Events/conditions may be specific to the use cases under study.
Proposal 5: 
Use case-specific events/conditions may be configured by the NW for model switching at the UE. Details are FFS.
In the simplest case, the UE may send a switch indication to the network, without including the model ID. In case of functionality-based LCM, it is still unclear whether model selection refers to the selection of an AI/ML model among models of the same functionality. As such, a switch indication may need to also include a functionality index to indicate the target model.
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Figure 5: UE model switching configured by NW, functionality-based LCM
Observation 9: 
UE may send a switch indication to the network following model switching.
Observation 10: 
Model switch indication does not include any model ID for functionality-based LCM.
For model ID-based LCM, multiple AI/ML models tagged to the same functionality are supported based on different model IDs. The multiple models at the UE are visible to the network and model switching at the UE can be followed by the UE sending a switch indication to the network that also carries the model ID of the target model.
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Figure 6: UE model switching configured by NW, model ID-based LCM
Observation 11: 
Model switch indication may carry the target model ID for model ID-based LCM.
Based on the above analysis, UE autonomous model switching will have RAN2 signaling impacts when the model switching decision is reported to the network. Model switching based on UE decision will also have some signaling impacts for both functionality and model ID-based LCM when the UE is configured to switch models based on NW configuration.
Observation 12: 
UE decision-based model switching will have some RAN2 signalling impacts for both functionality and model ID-based LCM.
Proposal 6: 
For functionality-based LCM, the model switching indication from the UE is sent without a model ID.

Proposal 7: 
For model ID-based LCM, the model switching indication from the UE may carry the target model ID.

2.3. Other model switching aspects

2.3.1. Model ID used for model switching
The model ID will be used to identify each model during the different LCM stages at the UE for model ID-based LCM. The model ID may even be accompanied with a version ID since each model can be trained multiple times and each retrained version may need to be identified for test certification management purposes. One model ID that uniquely identifies a model (e.g., a global model ID) may include information on the training parameters and the UE vendor, making the ID lengthy. Using the global model ID may only be necessary during initial registration and deployment of the model. For subsequent LCM, a shorter version of the global model ID (e.g., a local model ID) that carries a subset of information may be sufficient. The local model ID can be locally unique to the UE and allocated by the network or the UE. Using the local model ID for any model control operation subsequent to the initial model registration/deployment (e.g., model selection, activation, deactivation and switching) will involve less overhead. 
Observation 13: 
A shorter local model ID may be sufficient for some model control operations, e.g., model selection, (de)activation, switching.
Proposal 8: 
RAN2 to consider local model ID-based LCM for some LCM components, e.g., model switching.
2.3.2. Model switching restrictions

While it is clear that model switching is a necessary LCM component, overly frequent model switching at the UE may prevent the network from monitoring and predicting the UE behavior. Frequent model switching also results in high signaling overhead. To prevent overly frequent model switching, the network may configure the UE with restrictions on how often model switching is allowed for stable operation and predictability. 
Proposal 9: 
RAN2 to study ways to prevent overly frequent model switching at the UE.
3. Conclusion

Model switching decision by the network
NW-initiated model switching

Observation 1: 
Model performance monitoring for AI/ML models at the UE may be done at the network.
Observation 2: 
The network may send a model switching command to the UE, based on the model monitoring.
Observation 3: 
For functionality-based LCM, the switching command may not include the model ID.
Observation 4: 
The model switching command may be accompanied by the model ID of the target model for model ID-based LCM.
UE-initiated model switching

Observation 5: 
The UE may send a performance report to the network following model monitoring at the UE.
Observation 6: 
In response to the performance report, the network may send a model switching command to the UE.
Observation 7: 
The model switching command may also carry the model ID of the target model for model ID-based LCM.
NW-initiated and UE-initiated model switching based on NW decision
Observation 8: 
Network decision-based model switching will have some RAN2 signalling impacts for both NW-initiated and UE-initiated model switching.
Proposal 1: 
For functionality-based LCM, the network sends a switching command without model ID. The UE may switch to any model within the functionality.

Proposal 2: 
For model ID-based LCM, the UE switches to a specific model based on the target model ID included in the switching command from the network.

Model switching decision by the UE
UE autonomous model switching with decision not reported to the NW
Proposal 3: 
Model switching transparent to the network has no signaling impact.
UE autonomous model switching with decision reported to the NW
Proposal 4: 
UE may send a switch indication to the NW to report its model switching decision.
Event-triggered model switching as configured by the NW
Proposal 5: 
Use case-specific events/conditions may be configured by the NW for model switching at the UE. Details are FFS.
Observation 9: 
UE may send a switch indication to the network following model switching.
Observation 10: 
Model switch indication does not include any model ID for functionality-based LCM.
Observation 11: 
Model switch indication may carry the target model ID for model ID-based LCM.
Observation 12: 
UE decision-based model switching will have some RAN2 signalling impacts for both functionality and model ID-based LCM.
Proposal 6: 
For functionality-based LCM, the model switching indication from the UE is sent without a model ID.

Proposal 7: 
For model ID-based LCM, the model switching indication from the UE may carry the target model ID.

Other model switching aspects
Model ID used for model switching
Observation 13: 
A shorter local model ID may be sufficient for some model control operations, e.g., model selection, (de)activation, switching.
Proposal 8: 
RAN2 to consider local model ID-based LCM for some LCM components, e.g., model switching.
Model switching restrictions
Proposal 9: 
RAN2 to study ways to prevent overly frequent model switching at the UE.
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