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Introduction
In RAN1#110bis-e, general aspects of AI/ML framework were discussed, including clarifications on collaboration level boundaries, model monitoring metric/method and follow-up mechanisms, approaches of achieving good performance across various scenarios/configurations/sites, and other aspects in life cycle management (LCM). Fruitful agreements and conclusions were achieved [1]. 

In this contribution, we mainly present our views on the remaining aspects of LCM, including model registration, model ID and model monitoring.

Model registration
In the previous meeting, the main agreements related to model ID, and model switching/selection are summarized as follows [1].

	[bookmark: _Hlk115179232]Agreement
Study LCM procedure on the basis that an AI/ML model has a model ID with associated information and/or model functionality at least for some AI/ML operations when network needs to be aware of UE AI/ML models
FFS: Detailed discussion of model ID with associated information and/or model functionality.
FFS: usage of model ID with associated information and/or model functionality based LCM procedure
FFS: whether support of model ID
FFS: the detailed applicable AI/ML operations

Agreement
Study potential specification impact needed to enable the development of a set of specific models, e.g., scenario-/configuration-specific and site-specific models, as compared to unified models.
Note: User data privacy needs to be preserved. The provision of assistance information may need to consider feasibility of disclosing proprietary information to the other side.

Agreement
Study the specification impact to support multiple AI models for the same functionality, at least including the following aspects:
-	Procedure and assistance signaling for the AI model switching and/or selection
FFS: Model selection refers to the selection of an AI/ML model among models for the same functionality. (Exact terminology to be discussed/defined)

Agreement
Study various approaches for achieving good performance across different scenarios/configurations/sites, including
· Model generalization, i.e., using one model that is generalizable to different scenarios/configurations/sites
· Model switching, i.e., switching among a group of models where each model is for a particular scenario/configuration/site
· [Models in a group of models may have varying model structures, share a common model structure, or partially share a common sub-structure. Models in a group of models may have different input/output format and/or different pre-/post-processing.]
· Model update, i.e., using one model whose parameters are flexibly updated as the scenario/configuration/site that the device experiences changes over time. Fine-tuning is one example.




Besides, FL made a recommendation and encouraged companies to bring their views on the following aspects for discussion of model registration in this meeting [2]:

	FL recommendation: FL encourages companies to bring their views on the following aspects for discussion of model registration in the next RAN1 meeting. 
· What is the mechanism by which the network becomes aware of the existence of a new AI/ML model?
· What is the mechanism by which the UE becomes aware of the existence of a new AI/ML model?
· What is the mechanism, when required, by which the network and the UE refer to the same AI/ML model unambiguously during AI/ML collaboration and LCM?
· What is the mechanism by which the network knows whether the UE has a given AI/ML model and/or if the UE is capable of running inference with a given AI/ML model or functionality?
· What is the model registration for and what additional role may the model registration play in LCM, what is the relationship with UE capability report?
· In what scenarios may the model registration be needed, and what will be scenario specific considerations? Below are some guiding examples of scenarios to consider for discussion:
· Network-side models, UE-side models, two-sided models
· Collaboration levels y, level z
· Proprietary model format, standardized model description format
· Other scenarios are not precluded
· What information regarding the description of the model may need to be provided during model registration? Below are some guiding examples for discussion:
· Model functionality
· Vendor identification
· Model applicability scenarios, configurations, and/or regions
· Information on pairing between UE-side part and network-side part of two-sided models
· Information on model input
· Information on model output
· Information on assistance information
· Other information regarding model description that can help LCM
· Other aspects are not precluded.
· Specification impact of the above discussions, if any
· Considering the above, what should be the terminology definition of model registration?
Note: Some of the above discussions may have no specification impact. This proposal is intended for companies to bring discussion so that discussion can progress in the next meeting.



In the following discussions, we select several questions from the above list, and share our views on model registration by answering these questions. Please note that the analysis, observations, and proposals to one question may be able to be reused for the questions not mentioned by us.

Q1: In what scenarios may the model registration be needed, and what will be scenario-specific considerations? 

Regarding a one-sided model, it can be further categorized as UE-side model and network-side model. For a network-side model, model registration might be a necessary procedure in its LCM. But we think that there are no specification impacts on air interface. Therefore, the focus is on UE-side models for model registration.

Regarding a two-sided model, the model part at the UE side should jointly operate with its paired model part at the network side. The model-ID-based pairing seems to be an efficient way to enable the joint interactions of model operation between the UE and the network. As the basic assumption of model registration is a model-ID related procedure, we think that model registration is applicable to two-sided models. 

[bookmark: _Hlk118314360]Proposal 1: Study model registration procedures for UE-side models and two-sided models.

On the other hand, we think that one purpose of model registration is to have a model being aware of to the other side. With this, follow-up model-specific interactions are enabled. In this sense, it is an unnecessary procedure for level x models.
[bookmark: _Hlk118314348]
[bookmark: _Hlk118478297]Proposal 2: Model registration is not applicable to level x models. 

Q2: What is the model registration for and what additional role may the model registration play in LCM, what is the relationship with UE capability report?

There may be some functional overlapping between model registration and UE capability report. For example, whether UEs support AI/ML processing for a given functionality can be inquired by gNB and the existence of UE model can be recognized by gNB through UE capability report. According to our understanding, the focus of UE capability report is on inquiry/response of AI/ML’s capability for an inquiry function, such as model updating related capability. But it is not suitable to be used in the identification of a model. When a UE has multiple models with the same functionality, UE capability, such as report, cannot distinguish two models with the same functionality, if the report follows the way of doing legacy report. Therefore, a new procedure, say model registration, should be introduced to support the functions of model information exchange and model identification between network and UE. 

For two-sided models, for both joint training and separate training, the UE-side part and the network-side part should have the same model ID after model training. In the model registration procedure of a two-sided model, the main purpose is the information exchange on its model ID for model pairing. This model pairing procedure is not suitable to be realized by UE capability report procedure as well. During model registration of a two-sided model, one way could be that a UE reports the model ID of its model part to gNB, then the gNB will have a confirmation response to the UE if it owns the paired model part. 

Besides model awareness and model pairing, another purpose of model registration is to enable interactions between gNB and UE in model inference in an efficient way. As we know, different models may have model-specific inputs, such as model-specific configurations and/or model-specific RSs, as shown in Figure 1. For example, in BM-case 1, the pattern of set B can be a model-specific configuration. Based on a set B pattern report from the UE to the gNB, the gNB issues a model ID to the UE.  In this way, the UE with different set-B-pattern-specific models can have different model IDs. In model switching procedure, the UE can decide its target model and reports to the gNB its model ID. The gNB configures RS resources, and transmits RSs according to the set-B-pattern linked to this model ID. In this way, latency and signaling overhead for model switching can be reduced.

[image: ]
Figure 1. Model inference

The other important role of model registration is related to model monitoring. 

[image: ]
Figure 2. Model monitoring (@ network side)

In the case that model monitoring and follow-up decisions are done at the network side (e.g. model selection, model switch, model update), as shown in Figure 2, the NW needs to have enough information of the UE-side model to support its monitoring and to make decisions accordingly. For example, if only a unified model for a functionality is reported by the UE, model registration may not be needed. Instead, model monitoring results are mainly for model activation/deactivation.

In the case of utilizing scenario-/configuration-/site-specific models at the UE side, the information of the model group or model set should be known at the NW side via model registration. With it, model-specific monitoring can be conducted. Besides, if the model ID is a unique ID in the network, the monitoring result/decision of each model can be recorded and shared in the network. The historic monitoring result/decision of a specific model (model ID) can be used as a reference information for the model monitoring to the model with the same model ID in future. 

[bookmark: _Hlk118314300]From the above analysis, we summarize our views to this question in the following observation:

Observation 1: The purpose of model registration includes:
· having a model being aware of to the other side,
· identifying different models with the same model functionality,
· realizing model pairing for two-sided models,
· reducing the latency and signaling overhead during model switching.
The additional role played by model registration in LCM:
· enabling model-specific monitoring, in which more than one models with the same functionality need to be monitored,
· enabling model-ID-based monitoring result sharing.

Regarding the relationship between UE capability report and model registration, we have the following proposal.

[bookmark: _Hlk118478283]Proposal 3: The AI/ML capability of a UE for a specific functionality can be provided in a UE capability report. The exchange of the information for model details between network and UE for model identification and model pairing is realized through model registration procedure.

Q3: What information regarding the description of the model may need to be provided during model registration? 

Firstly, collaboration-level-related information needs to be reported to the NW side. With it, the network can easily identify its management power and its interaction level with the UE-side model. Besides, for different collaboration levels, the ways to assign the model ID would be different. For example, for a Level z model, the network may need to check whether the model needs to be updated. If model update is needed, the model ID (with version number) can be transferred together with the model content/parameters from the network to the UE. While for a Level y model, the model ID can be assigned to the UE based on another UE’s reporting in the model registration procedure. 

If a UE has multiple models with the same functionality, and its model management is done at the NW side (e.g. model monitoring and decisions on model activation/deactivation, model switching), the UE should provide model applicable scenarios, configurations, sites and/or other model-specific information to NW during mode registration. Of course, the model functionality is provided as well in this report. 
 
[bookmark: _Hlk118314284]Proposal 4: At least the following model information needs to be exchanged during model registration: 
· Collaboration level related information
· Model applicable scenarios, configurations, sites information and the associated model information to a functionality

Based on the above discussions, model ID is one of the key factors of model registration. Model information exchange would be another key factor of model registration. With it, we can give the definition to its terminology.

[bookmark: _Hlk118314211]Proposal 5: The model registration procedure can be defined as:
· A procedure that UE registers its model information to the network side for being noticed and identified by the network, in which network assigns model ID(s) to the UE according to the model information reported from the UE, or network obtains the model ID(s) from the UE and model information linked to the model ID(s).



Model ID

According to the discussions in model registration, model ID is the key factor of model registration. Furthermore, it can be observed that model ID is also important for model monitoring, model selection, model switching, model update and model inference procedures. Besides, model ID also has a strong relationship with model training procedure. Especially for two-sided models, the model generation part and its corresponding model reconstruction part should own the same model ID after training. The necessity of having model ID lies in the identification of different models with the same functionality. One exception is that model LCM resides at the same side of model inference, and there is no model-specific signaling and/or interactions between gNB and UE. But it can be counted as level x model basically. For level z and level y models, if the model management entity or model monitoring function resides at the network side (gNB), model identification or model ID would be an indispensable element in the LCM of a model.

[bookmark: _Hlk118478231]Proposal 6: At least for the model management of multiple models with the same functionality rather than level x model, model-ID-based LCM procedures need to be studied.

The design and fully considerations on model ID or identification of a model can be further studied in RAN2, as addressed in our companion paper [3]. 

Model monitoring with model ID assistance information
In the previous meeting, the agreements on model monitoring and follow-up actions upon model monitoring results are summarized as follows [1].

	Agreement
Study performance monitoring approaches, considering the following model monitoring KPIs as general guidance
· Accuracy and relevance (i.e., how well does the given monitoring metric/methods reflect the model and system performance)
· Overhead (e.g., signaling overhead associated with model monitoring)
· Complexity (e.g., computation and memory cost for model monitoring)
· Latency (i.e., timeliness of monitoring result, from model failure to action, given the purpose of model monitoring)
· FFS: Power consumption
· Other KPIs are not precluded.
Note: Relevant KPIs may vary across different model monitoring approaches.
FFS: Discussion of KPIs for other LCM procedures

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

Agreement
Study AI/ML model monitoring for at least the following purposes: model activation, deactivation, selection, switching, fallback, and update (including re-training).
FFS: Model selection refers to the selection of an AI/ML model among models for the same functionality. (Exact terminology to be discussed/defined)

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




According to the above agreements, accuracy, overhead, complexity and latency are the suggested KPIs to performance monitoring approaches. As discussed in section 2, model-ID-based monitoring is needed for the cases of scenario-specific, configuration-specific and site-specific models. Considering the cost (complexity, overhead) of performance monitoring, it is desirable that the monitoring results can be shared in network. For example, if a scenario-specific model equipped in a UE does not have a good performance, and is stopped in one cell, it is likely that this model (with the same model ID) does not work well either in other UEs in the same cell. Moreover, if the model-ID is a network-wide unified ID, the network side can have historic data about the performance of each model. With the reference to the historic data, the accuracy of network-side monitoring and the decisions on fall back, model activation/deactivation, model selection and model switching may potentially be largely enhanced. Equivalently, the overhead and complexity for monitoring can be reduced significantly compared to conventional methods without historic data as a reference. 

Therefore, we suggest studying model-ID-based monitoring performance sharing to enhance monitoring accuracy or to reduce monitoring overhead and latency.

[bookmark: _Hlk118478217]Proposal 7: Study model-ID-based monitoring performance sharing to enhance monitoring accuracy or to reduce monitoring overhead and latency, taking the following issues into account:
· Model monitoring results (e.g. performance) sharing
· Model monitoring mechanism referring to the shared monitoring results
· Impacts of unified model ID and localized model ID
· FFS: the details of monitoring results 

Conclusions
[bookmark: _Hlk118399833]Observation 1: The purpose of model registration includes:
· having a model being aware of to the other side,
· identifying different models with the same model functionality,
· realizing model pairing for two-sided models,
· reducing the latency and signaling overhead during model switching.
The additional role played by the model registration in LCM:
· enabling model-specific monitoring, in which more than one models with the same functionality need to be monitored,
· enabling model-ID-based monitoring result sharing.

Proposal 1: Study model registration procedures for UE-side models and two-sided models.

Proposal 2: Model registration is not applicable to level x models. 

Proposal 3: The AI/ML capability of a UE for a specific functionality can be provided in a UE capability report. The exchange of the information for model details between network and UE for model identification and model pairing is realized through model registration procedure.

Proposal 4: At least the following model information needs to be exchanged during model registration: 
· Collaboration level related information
· Model applicable scenarios, configurations, sites information and the associated model information to a functionality

Proposal 5: The model registration procedure can be defined as:
· A procedure that UE registers its model information to the network side for being noticed of and identified by the network, in which network assigns model ID(s) to the UE according to the model information reported from the UE, or network obtains the model ID(s) from the UE and model information linked to the model ID(s).

Proposal 6: At least for the model management of multiple models with the same functionality rather than level x model, model-ID-based LCM procedures need to be studied.

Proposal 7: Study model-ID-based monitoring performance sharing to enhance monitoring accuracy or to reduce monitoring overhead and latency, taking the following issues into account:
· Model monitoring results (e.g. performance) sharing
· Model monitoring mechanism referring to the shared monitoring results
· Impacts of unified model ID and localized model ID
· FFS: the details of monitoring results 
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