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1. Introduction
In this contribution, we discuss functionality-based LCM for UE sided model according to the objective in WID [1]. We will discuss each step of expected typical LCM procedure for UE sided model in Section 2 and discuss other aspects in Section 3.  
2. Functionality based LCM 
Figure 1 illustrates expected typical LCM procedure for UE sided model excluding data collection part for training. We would like to discuss each procedure in more detail in the following sub-sections. 



Figure 1: LCM procedures for UE-sided model
2.1. UE capability reporting for functionality identification
According to the TR 38.843, UE capability reporting should be baseline of functionality identification. That is, UE provides functionality related capability to NW so that NW can configure/enable functionality. 
One of main question is how functionality information in UE capability reporting should be aligned with NW configured functionality.  A straightforward way would be that UE indicates the support of different functionalities. However, it is expected that each functionality will consist of potential parameters and each parameter may have a range of supported values and many possible combinations similar to MIMO capability. Hence, in order to discuss further, RAN1 input on specific parameters and value ranges/characteristics are needed. 
[bookmark: ob2]Observation 1: functionality in capability signaling should be aligned with functionality in gNB configuration but the exact format may not be the same as functionality in gNB configuration  (per functionality). 
It is also necessary to discuss whether UE capability is enough for the first configuration of functionalities. This would be related to how applicability related information will be addressed i.e. whether proactive or reactive reporting is considered. However, as discussed in Section 3.1 (below), it is not yet clear what kind of information is considered and how to indicate this information in order to determine applicability of functionalities. 
[bookmark: ob3]Observation 2: At this stage of the discussion, it is not clear how applicability related information will affect in functionality identification on top of UE capability signaling. 
Proposal 1: for functionality identification, UE capability reporting is used to provide information to gNB to identify supported parameters in order to configure those functionalities. FFS whether this is only signaling before the initial configuration or applicability related information is required before initial configuration. 
2.2. Configuration of functionalities
From the study item, it is clear how functionality should be considered from configuration point of view. NW configuration of functionality provides a set of parameters for UE to enable a certain AI/ML related option. Considering the potential number of configurations, RRC/LPP signaling should be practical for this.
Proposal 2: RAN2 agree that RRC/LPP signaling is used for NW to provide configurations of applicable functionalities.  
For beam management use case, our understanding is that at least the following configuration are considered for UE-sided model. 
· Inference related configuration: e.g. Set B configuration for input, Set A configuration for prediction, association of set A & B for case 1, Time window information in case of Case 2, etc. 
· Reporting of inference results: e.g. Top 1 or Top K beams, L1-RSRP, confidence/probability information, measurement/reporting periodicity, etc.  
For positioning use case, at least the following configuration are considered for UE-sided model. 
· Inference related configuration: e.g. DL-PRS configuration per TRP for input, requested measurement result for output (Direct UE location, LOS/NLOS indication, RSTD, AoD, etc.)
· Reporting of inference results: e.g. type of measurement result to report, measurement/reporting periodicity, etc.  

Although RAN1 still need to discuss which exact parameters should be specified, RAN2 could assume that at least inference related configuration and reporting of inference results need to be configured to enable functionality.  
Proposal 3: RAN2 assume that for configuration of functionality, functionality configuration include at least inference related configuration and reporting of inference results. 
In terms of granularity of functionality, it is still difficult for RAN2 to discuss further without RAN1 input. In beam management, if there are multiple different configuration for different inference results, one way would be defined as multiple functionalities. 
· Example 1: each different value for set of parameters is defined as a functionality. Three functionalities having different values for Set B. 
· Example 2: multiple parameters with a certain condition can be defined as one functionality. For example, in beam management use case, spatial domain prediction can be functionality #1 and temporal-domain prediction could be functionality #2. This is coarse-grained functionality assignment. 
Proposal 4: RAN2 wait for RAN1 input on granularity of functionality. 
RAN2 can wait until RAN1 provides RRC parameters but based on the past experience, it is necessary for RAN2 to identify guidance to RAN1 in providing RRC parameters specifically for AI/ML WI. The reason is because each use case could include very physical layer specific parameters and also there is high possibility to extend or relate to existing parameters (e.g. CSI framework, codebook signaling, etc). 
There could be several information that can be helpful/required for RAN2 to design RRC signaling. 
· Introductory description on how parameters are operated. RAN2 need to understand overall operation how specific parameter would work. Copy and paste of RAN1 agreements and RRC parameter list would be very difficult for RAN2 to understand overall operation. 
· Structure of parameters (e.g. per feature, per functionality, across functionalities, per beam, per RS, etc.): RAN2 consider high level structure in order to have clean signaling structure. 
· Relationship with existing parameters: in order to have a clean signaling structure, it would be good for RAN1 to provide all required parameters by itself and provide relationship with existing parameters rather than already deciding to use existing parameters.  
Proposal 5: RAN2 discuss how to handle RAN1 parameters for functionality configurations and discuss whether/what guidance RAN2 can provide to RAN1 in handling RRC parameters. 
2.3. Activation/Deactivation
Before we discuss details, we would like to clarify terminology. In the TR 38.843, the definition of model switching is defined as: 
	Model switching: Deactivating a currently active AI/ML model and activating a different AI/ML model for a specific AI/ML-enabled feature.


Similar to model switching, we can assume that switching can be implemented with activation and deactivation i.e. deactivating a currently active functionality and activating a different functionality for a specific AI/ML-enabled feature is used for switching of functionality. Therefore, we can just focus on activation/deactivation mechanism and shorten the name of this feature to “activation/deactivation” from “activation/deactivation/switching/fallback”. 
Proposal 6: RAN2 focus on functionality activation/deactivation assuming that switching and fallback are supported via activation/deactivation. 
Assuming multiple functionalities are configured, it is necessary to discuss how configured functionalities are actually activated/deactivated. In the TR 38.843, functionality control can be performed by the UE or gNB. 
	· For UE-side model, the model/functionality control (e.g., selection, (de)activation, switching, fallback, etc.) may be performed by the UE when the monitoring resides within the UE.
· For UE-side model, the model/functionality control (e.g., selection, (de)activation, switching, fallback, etc.) may be performed by the gNB when the monitoring resides within the gNB or UE.


 On the other hand, in 4.2.1 in TR 38.843, the following is captured. 
	In functionality-based LCM, network indicates activation/deactivation/fallback/switching of AI/ML functionality via 3GPP signaling (e.g., RRC, MAC-CE, DCI).



The above two TR descriptions are not aligned. However, given that definition of functionality is still being developed, we could interpret in more reasonable way. A functionality can be considered as a basic unit for NW configuration/control. And within a functionality, the UE can control parameters/conditions of the functionality based on own measurement/performance reporting. As discussed in Section 3.2, it can be seen as models within one functionality.  
As long as UE control is transparent to the gNB, it is not necessary to standardize UE control. 
Proposal 7: RAN2 focus on NW controlled functionality activation/deactivation. 
It is expected that each functionality can be activated/deactivated independently. But it is not clear whether/how to activate multiple functionalities simultaneously. The maximum number of activated functionalities might be limited by UE capability or other conditions. This will affect RAN2 design of configuration procedure but it should be discussed first in RAN1 for each use case. 
In terms of signaling, as indicated in the TR 38.843, activation/deactivation can be signaled via RRC, MAC, DCI signaling. The main criteria to determine proper signaling would be how often activation/deactivation is expected and what delay requirement is expected. 
Proposal 8: RAN2 wait for RAN1 input on the specific signaling options for NW controlled functionality activation/deactivation. 
2.4. Performance monitoring
For beam management use case, as captured in TR 38.843, RAN1 is considering two types of performance monitoring, where type 1 is NW to control LCM operation of UE-side model and type 2 is UE to control the LCM operation.
	For BM-Case1 and BM-Case2 with a UE-side AI/ML model:
-	Type 1 performance monitoring: 
-	Configuration/Signalling from gNB to UE for measurement and/or reporting
-	UE may have different operations 
-  Option 1 (NW-side performance monitoring): UE sends reporting to NW (e.g., for the calculation of performance metric at NW) 
-  Option 2 (UE-assisted performance monitoring): UE calculates performance metric(s), either reports it to NW or reports an event to NW based on the performance metric(s) 
-	Indication from NW for UE to do LCM operations 
-	Note: At least the performance and reporting overhead of model monitoring mechanism should be considered
-	Type 2 performance monitoring: 
-	Indication/request/report from UE to gNB for performance monitoring 
-  Note: The indication/request/report may be not needed in some case(s)
-	Configuration/Signalling from gNB to UE for performance monitoring measurement and/or reporting
-	If it is for UE side model monitoring, UE makes decision(s) of model selection/activation/ deactivation/switching/fallback operation
-	Mechanism that facilitates the UE to detect whether the functionality/model is suitable or no longer suitable


For positioning use case, the following is captured in section 7.2.4 in TR 38.843. According to it, for UE-side model, it is assumed that the UE monitors the performance of its UE-side model, but the model/functionality control may be performed by either UE or LMF.
	Management:
o	For UE-side model, the model/functionality control (e.g., selection, (de)activation, switching, fallback, etc.) may be performed by the UE when the monitoring resides within the UE.
o	For gNB-side model, the model/functionality control (e.g., selection, (de)activation, switching, fallback, etc.) is performed by the gNB.
o	The model/functionality control (e.g., selection, (de)activation, switching, fallback, etc.) may be performed by the LMF when the monitoring resides within the LMF or UE.
o	Monitoring:
	The UE monitors the performance of its UE-side model.
	For monitoring at the gNB side, and if needed, calculated performance metrics or data required for performance metric calculation, can at least be generated by the gNB.
	For monitoring at the LMF side, the gNB or UE can generate, if needed, calculated performance metrics or data required for performance metric calculation, while the termination points for these metrics is the LMF.


[bookmark: _GoBack]From RAN2 point of view, there could be multiple questions on performance monitoring. 
· What kind of signaling is expected?  Some configurations (e.g. Performance metric, reporting type, event type) would be needed to enable performance monitoring. Considering the complexity and amount of information, RRC/LPP signaling might be more practical in configuration of performance monitoring. 
· Is RRC/LPP level performance monitoring beneficial? So far, at least for beam management use case, RAN1 is discussing L1 level of measurements. However, assuming RRC/LPP configures functionality configurations and control, it might be useful to have RRC/LPP level performance monitoring. 
· How performance monitoring is associated with configured functionalities? It is not yet clear whether performance monitoring is operated per functionality or across functionalities. 
The response may be different for each use case. Therefore, it is good to check with RAN1.  
Proposal 9: RAN2 ask RAN1 the following questions: 1) what is the required signaling for performance monitoring, 2) whether there is a need for RRC/LPP level performance monitoring and 3) what is the relationship between performance monitoring and configured functionality. 
2.5. Applicable functionalities update 
As mentioned in the Section 4.2.1 in TR, after functionality identification, the UE may report updates on applicable functionalities among supported functionalities. 
	[bookmark: _Hlk162529825]After functionality identification, necessity, mechanisms, for UE to report updates on applicable functionality(es) among functionality(es) are studied, where the applicable functionalities may be a subset of all functionalities. Applicable functionalities can be reported by the UE.



From our understanding, there could be several reasons to change applicable functionalities in UE sided model. 
· Change due to performance: accuracy 
· Change due to UE’s internal condition
· Change due to NW side additional condition (if supported) 
There could be multiple approaches to update applicable functionalities.
1. Explicit signaling of applicable functionalities
2. Applicability related information 
3. Implicit signaling based on measurement/performance reporting
From RAN2 point of view, implicit signaling can be just part of inference results reporting or performance monitoring and the first two explicit signaling options are the same category as it requires RRC/LPP signaling. The only difference would be the exact format of applicable functionalities.  
Proposal 10: RAN2 focus on explicit RRC/LPP signaling to indicate the change of applicable functionalities.   
3. Other aspects
3.1. Applicability related information and additional conditions
During the study item, “applicability related information” was discussed and it is understood that this information refers to certain conditions to potentially require model/functionality update but is not included in (or part of) UE capability reporting. 
	The previously mentioned information could in principle be understood as “applicability-related information” in which the UE could, for example, report to the network conditions under which a model/functionality is applicable/suitable, or whether model(s)/functionality(es) are (non)applicable under the current context. Note, however, that the existing UE capability reporting framework cannot be used for such purposes. 


From RAN1 side, RAN1 also discussed “additional conditions” that additional conditions are not included in UE capability reporting but it is assumed for the training. Therefore, in order to ensure consistency between training and interference, additional conditions may be needed. RAN1 categorized those conditions into NW-sided additional conditions and UE-sided additional conditions. In RAN1 #116, RAN1 discussed this additional condition under consistency between training and inference but companies have diverged view whether/what NW-sided additional conditions are needed and specified. 
	For an AI/ML-enabled feature/FG, additional conditions refer to any aspects that are assumed for the training of the model but are not a part of UE capability for the AI/ML-enabled feature/FG. It does not imply that additional conditions are necessarily specified. Additional conditions can be divided into two categories: NW-side additional conditions and UE-side additional conditions. Note: whether specification impact is needed is a separate discussion. 


In order to avoid confusion in RAN2 discussion, we suggest that RAN2 focus on applicability related information that is used to change applicable functionalities and postpone discussion on additional conditions until RAN1 progress. In addition, it is not clear whether RAN1 has same assumption about applicability related information. Therefore, it is good to share this with RAN1. 
Proposal 11: RAN2 informs RAN1 that RAN2 will focus on applicability related information as a part of applicable functionality change and postpone additional conditions until RAN1 identifies the need of specification. 
3.2. Relationship between functionality and model
Although model-based LCM and functionality-based LCM were considered as two different mechanism, there might be some overlapped area i.e. both functionality and model are considered to interact or e.g. a model is related to (part of) one (or more) functionality(ies) or a functionality is related to (or part of) one (or more) mode(s). 
It is our understanding that one or multiple models could be used to enable one functionality. For UE sided model, model update (switch) within functionality may or may not be transparent to NW because it depends on RAN1 discussion on additional conditions or Model identification. That is, model update at UE side can be done by UE implementation without receiving any additional control from NW. 
Similar to this understanding, during RAN1 discussion on model identification, majority of companies are ok with moderator’s proposal that model-ID-based LCM (if supported) refers to the functionality-based LCM using model ID for LCM operations within a functionality although it was not agreed [4]. 
	[bookmark: _Hlk161930509]Proposal 3-4A: For Rel-19 WI, model-ID-based LCM (including model identification if supported) refers to the functionality-based LCM using model ID for LCM operations within a functionality. 



Nevertheless, it is still under the discussion in RAN1 and RAN2 may discuss model identification at later stage, pending conclusion in RAN1 discussion, and whether it would be possible to introduce model ID within a functionality once functionality design is stabilized.  
Observation 3: If RAN1 concludes that model-ID is necessary (or needed), it is possible to discuss Model-ID within a functionality. 

4. Conclusion
In this contribution, we discussed potential LCM procedures for UE sided model. Based on the discussion, we provide the following observations and proposals. 
UE capability reporting for functionality identification 
Observation 1: functionality in capability signaling should be aligned with functionality in gNB configuration but the exact format may not be the same as functionality in gNB configuration  (per functionality). 
Observation 2: At this stage of the discussion, it is not clear how applicability related information will affect in functionality identification on top of UE capability signaling. 
Proposal 1: for functionality identification, UE capability reporting is used to provide information to gNB to identify supported parameters in order to configure those functionalities. FFS whether this is only signaling before the initial configuration or applicability related information is required before initial configuration. 
Configuration of functionalities
Proposal 2: RAN2 agree that RRC/LPP signaling is used for NW to provide configurations of applicable functionalities.  
Proposal 3: RAN2 assume that for configuration of functionality, functionality configuration include at least inference related configuration and reporting of inference results. 
Proposal 4: RAN2 wait for RAN1 input on granularity of functionality. 
Proposal 5: RAN2 discuss how to handle RAN1 parameters for functionality configurations and discuss whether/what guidance RAN2 can provide to RAN1 in handling RRC parameters. 
Activation/deactivation 
Proposal 6: RAN2 focus on functionality activation/deactivation assuming that switching and fallback are supported via activation/deactivation. 
Proposal 7: RAN2 focus on NW controlled functionality activation/deactivation. 
Proposal 8: RAN2 wait for RAN1 input on the specific signaling options for NW controlled functionality activation/deactivation. 
Performance monitoring
Proposal 9: RAN2 ask RAN1 the following questions: 1) what is the required signaling for performance monitoring, 2) whether there is a need for RRC/LPP level performance monitoring and 3) what is the relationship between performance monitoring and configured functionality. 
Applicable functionalities update
Proposal 10: RAN2 focus on explicit RRC/LPP signaling to indicate the change of applicable functionalities.   
Other aspects
Proposal 11: RAN2 informs RAN1 that RAN2 will focus on applicability related information as a part of applicable functionality change and postpone additional conditions until RAN1 identifies the need of specification. 
Observation 3: If RAN1 concludes that model-ID is necessary (or needed), it is possible to discuss Model-ID within a functionality. 
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