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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The agenda item considers discussion related to model control. We assume that model monitoring is significant to be discussed, which works as the LCM functionality to determine whether the current model is performance satisfies some expectation anymore, and based on the performance metric to further make decisions about model management i.e. model switch/activation/deactivation/fallback. 
RAN1#121[2] made some agreements about model monitoring regarding each use case as follows.
	CSI feedback enhancement 
Agreement
In CSI compression using two-sided model use case, further study the necessity, feasibility, and potential specification impact for intermediate KPIs based monitoring including at least:
· NW-side monitoring based on the target CSI with realistic channel estimation associated to the CSI report, reported by the UE or obtained from the UE-side. 
· UE-side monitoring based on the output of the CSI reconstruction model, subject to the aligned format, associated to the CSI report, indicated by the NW or obtained from the network side.
· Network may configure a threshold criterion to facilitate UE to perform model monitoring. 
· UE-side monitoring based on the output of the CSI reconstruction model at the UE-side
· Note: CSI reconstruction model at the UE-side can be the same or different comparing to the actual CSI reconstruction model used at the NW-side. 
· Network may configure a threshold criterion to facilitate UE to perform model monitoring. 
· FFS: Other solutions, e.g., UE-side uses a model that directly outputs intermediate KPI. Network-side monitoring based on target CSI measured via SRS from the UE.
Note: Monitoring approaches not based on intermediate KPI are not precluded
Note: the study of intermediate KPIs based monitoring should take into account the monitoring reliability (accuracy), overhead, complexity, and latency.

Beam management
Agreement 
Regarding the performance metric(s) of AI/ML model monitoring for BM-Case1 and BM-Case2, study the following alternatives (including feasibility/necessity) with potential down-selection:
· Alt.1: Beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy
· Alt.2: Link quality related KPIs, e.g., throughput, L1-RSRP, L1-SINR, hypothetical BLER
· Alt.3: Performance metric based on input/output data distribution of AI/ML 
· Alt.4: The L1-RSRP difference evaluated by comparing measured RSRP and predicted RSRP 
Other alternatives are not precluded
Note: At least the performance and spec impact should be considered
Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, regarding NW-side performance monitoring, study the following aspects as a starting point including the study of necessity: 
· Configuration/Signaling from gNB to UE for measurement and/or reporting
· UE reporting to NW (e.g., for the calculation of performance metric) 
· Indication from NW for UE to do LCM operations 
Other aspect(s) is not precluded
Note1: At least the performance and reporting overhead of model monitoring mechanism should be considered
Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, regarding UE-side performance monitoring, study the following aspects as a starting point including the study of necessity and feasibility: 
· Indication/request/report from UE to gNB for performance monitoring 
· Note: The indication/request/report may be not needed in some case(s)
· Configuration/Signaling from gNB to UE for performance monitoring
Other aspect(s) is not precluded

Positioning accuracy enhancement
Agreement 
Regarding AI/ML model monitoring for AI/ML based positioning, to study and provide inputs on benefit(s), feasibility, necessity and potential specification impact for the following aspects
· Entity to derive monitoring metric
· UE at least for Case 1 and 2a (with UE-side model)
· FFS PRU for Case 1 and 2a
· gNB at least for Case 3a (with gNB-side model)
· FFS gNB for Case 3b (with LMF-side model)
· LMF at least for Case 2b and 3b (with LMF-side model)
· Note1: companies are requested to report their assumption of entity to calculate monitoring metric if different from above options for each of the agreed cases (Case 1 to Case 3b)
· If model monitoring does not require ground truth label (or its approximation).
· Monitoring metric, e.g., statistics of measurement, relative displacement, inference output inconsistency, etc.
· Assistance signaling and procedure, e.g., RS configuration(s) for measurement, measurement statistics as co mpared to the model input statistics of the training data, etc.
· report of the calculated metric and/or model monitoring decision
· If model monitoring requires and is provided ground truth label (or its approximation)
· Monitoring metric, e.g., statistics of the difference between model output and ground truth label, etc.
· Assistance signaling and procedure, e.g., from LMF to UE/gNB indicating ground truth label and/or measurement, etc.
· report of the calculated metric and/or model monitoring decision
· Note2: other options (of monitoring methods, monitoring metrics, assistance signaling) are not precluded


As for RAN2’s work scope, we aim to investigate the necessary signaling procedures and identify the potential specification impacts.
2. Discussion
[bookmark: _Hlk118277603]2.1	Monitoring types
Model monitoring can be performed at any entity involved in the UE-NW interaction process. Based on the agreements of RAN1, we 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).
Based on the classification, information transfer details can be discussed.
Proposal 1: RAN2 to discuss model monitoring based on the entity to make the monitoring decisions:
· Option 1: UE
· Option 2: NW, i.e., gNB or LMF
Model monitoring usually follows the principle to obtain a model performance metric, which is a criterion for model validity. This performance metric is calculated with the model inference output and the ground truth label e.g., the measurement from legacy schemes (except for input-based monitoring for positioning). 
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 can monitor both the UE-sided model and the NW-sided model. Most importantly, in some cases, the UE-sided model output is reported to NW. 
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 2: Regarding the applied model deployment type, the following options are considered:
· Option 1 (UE monitoring) applies to UE-sided model and two-sided model
· Option 2 (NW monitoring) applies to UE-sided, NW-sided model and two-sided model
2.2	Signaling analysis
With a down selection for each entity to perform model monitoring, we dig into the probable interactions option by option.
2.2.1 Option 1: UE monitoring
2.2.1.1 UE monitoring UE-sided model
As stated in Section 2.1, UE collects the label and monitors the model output from itself. Based on the performance metric, it independently determines how to proceed with model management. In this scenario, NW may configure UE with the triggering conditions where the performance metric may satisfy some corresponding events. With the configuration, UE is configured to carry out the model management defined in the event beforehand. Another realization can be a total UE-independent implementation, that UE itself decides the performance metric and triggering events. Importantly, UE may further inform NW about its decision on model management, which can be an event-triggered procedure.
Proposal 3: The signaling procedure of UE monitoring UE-sided model can include:
· NW may send the configuration of model monitoring to UE, e.g., triggering events of model activation/ deactivation/ switch/ fallback.
· After model activation/ deactivation/ switch/ fallback, UE may indicate NW about the model monitoring decision.
2.2.1.2 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 in the aligned format of the CSI report. 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 4: The signaling procedure of UE monitoring two-sided model can include:
· NW may send the configuration of model monitoring to UE, e.g., triggering events of model activation/ deactivation/ switch/ fallback.
· UE may request NW about the NW-sided model output
· NW may inform UE of the requested NW-sided model output
· After model activation/ deactivation/ switch/ fallback, UE may indicate NW about the model monitoring decision.
2.2.2 Option 2: NW monitoring
2.2.2.1 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 remaining monitoring operations can be covered by NW with no UE perception.
Proposal 5: The signaling procedure of NW monitoring NW-sided model can 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 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 a potential solution. As this case requires gNB to transfer the output to LMF for the location estimation, the 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 5a: The signaling procedure of LMF monitoring gNB-sided model can 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)
· After making the model activation/ deactivation/ switch/ fallback decision, LMF may indicate the decision to gNB.
2.2.2.2 NW monitoring UE-sided model
Considering UE’s restricted capability may not be able to collect vast data and make good model performance decisions, NW could help UE with model monitoring and decisions on succeeding model control. 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 6: 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 7: The signaling procedure of NW monitoring UE-sided model can include:
· NW may request UE about the performance metric
· UE may inform NW of the requested performance metric
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
When it comes to monitoring UE’s model input for positioning, similar to that described in Section 2.2.2.1, 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 7a: The signaling procedure of LMF monitoring UE-sided model can 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)
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
2.2.2.3 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 8: The signaling procedure of NW monitoring two-sided model can include:
· NW may request UE about the ground truth label, e.g., realistic CSI report
· UE may report NW about the ground truth label
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
3. Conclusion
Going through any details in model monitoring, we hence propose:
For a down selection of cases of monitoring types:
Proposal 1: RAN2 to discuss model monitoring based on the entity to make the monitoring decisions:
· Option 1: UE
· Option 2: NW, i.e., gNB or LMF
Proposal 2: Regarding the applied model deployment type, the following options are considered:
· Option 1 (UE monitoring) applies to UE-sided model and two-sided model
· Option 2 (NW monitoring) applies to UE-sided, NW-sided model and two-sided model

For a detailed analysis of signaling enhancement:
Proposal 3: The signaling procedure of UE monitoring UE-sided model can include:
· NW may send the configuration of model monitoring to UE, e.g., triggering events of model activation/ deactivation/ switch/ fallback.
· After model activation/ deactivation/ switch/ fallback, UE may indicate NW about the model monitoring decision.
Proposal 4: The signaling procedure of UE monitoring two-sided model can include:
· NW may send the configuration of model monitoring to UE, e.g., triggering events of model activation/ deactivation/ switch/ fallback.
· UE may request NW about the NW-sided model output
· NW may inform UE of the requested NW-sided model output
· After model activation/ deactivation/ switch/ fallback, UE may indicate NW about the model monitoring decision.
Proposal 5: The signaling procedure of NW monitoring NW-sided model can include:
· NW may request UE about the ground truth label
· UE may inform NW of the requested ground truth label
Proposal 5a: The signaling procedure of LMF monitoring gNB-sided model can 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)
· After making the model activation/ deactivation/ switch/ fallback decision, LMF may indicate the decision to gNB.
Proposal 6: 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 7: The signaling procedure of NW monitoring UE-sided model can include:
· NW may request UE about the performance metric
· UE may inform NW of the requested performance metric
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
Proposal 7a: The signaling procedure of LMF monitoring UE-sided model can 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)
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
Proposal 8: The signaling procedure of NW monitoring two-sided model can include:
· NW may request UE about the ground truth label, e.g., realistic CSI report
· UE may report NW about the ground truth label
· After making the model activation/ deactivation/ switch/ fallback decision, NW may indicate the decision to UE
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