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1	Introduction
	8.1.2	Functionality based LCM 
Contributions should focus on general understanding of LCM procedure (except for data collection and model transfer/delivery), what is required to enable the UE to perform different steps of the LCM procedure, what is the granularity of functionality, dependencies with RAN1 and what is needed from RAN1 to progress in RAN2
Contributions should be submitted in 8.1.2.x and aspects related to data collections should be submitted in data collection section
Two-sided model discussions are out of scope of this AI.  
Model identification and model transfer/delivery is out of scope of this AI and will be discussed in RAN2#127 after further RAN1 progress
[bookmark: _Hlk164864212]8.1.2.2  LCM for UE-sided model  for Beam Management use case
Including functionality identification, additional conditions and further reporting of applicable functionalities


The description of this agenda item for this meeting explains that the focus of the initial work on LCM should be on Functionality Based LCM and procedures other than data collection and model transfer/delivery. This document will discuss general aspects related to terminology alignment, functionality granularity and capability and applicability reporting to deploy a Release 19 AI/ML framework, to enable UE-side beam management use cases. However, generic observations and proposals are applicable to UE-side positioning use case. The document also discusses capability reporting, inference and performance monitoring aspects for UE-side beam management use cases.
2	General framework
2.1	Terminology
As we have arrived at the normative phase, we should align the terminologies with the existing specifications in order to enable the legacy framework as a starting point. As such, we aim to enable LCM signaling, alignment of terminologies with specification to minimize the extension of the specification, configuration for inference, data collection for both UE side and NW side models.
It is first of all important to clarify, what the terms “LCM” or “LCM procedures” mean in the context of the 3GPP AI/ML-enabled features at the UE-side. In this context, we note that in general “LCM” includes at least the following components:
a) Implementation of the logic and management functions necessary to activate, deactivate, and switch between AI/ML Functionalities and potentially their associated model(s) (when models are identified) and generate the corresponding signaling information
b) The required RRC, MAC, and DCI signaling procedures between the gNB and UE, i.e. configuration, re-configuration, and release procedures
c) The required LPP signaling procedures between the LMF and the UE, i.e., request and provide location information and assistance data procedures
d) All the proprietary implementation of (at least partially) specified UE, gNB, and LMF behaviour, as a response or trigger for RRC, MAC, DCI, and LPP signaling
This leads us to the important observations: 
Observation 1: LCM (procedures) as such will not be fully specified by 3GPP and only the required RRC, MAC, and DCI signaling between the gNB and the UE is to be specified in 3GPP as enablers for the LCM procedures.
Proposal 1: For subsequent AI/ML related discussions in RAN2, whenever possible for clarity purposes the AI/ML LCM terms such as ‘activate/deactivate/switch/select/fallback’ to be mapped to the usual 3GPP terms like configuration/release/re-configuration and request/provide location information and assistance data.
During the Release 18 study item phase, several control terms were used to describe various functions of artificial intelligence (AI)/machine learning (ML) model life cycle management (LCM). These terms included activation, deactivation, selection, switching, and fallback. Now that the WI has started, we will need to determine protocol-based procedures to enable these LCM functions in a way that integrates with the existing MAC and RRC specifications. To that end, we suggest adopting Table 2.1-1 as a starting point for the discussion on terminology mapping such that we can use MAC and RRC terms in the future. It is not the intention that this table would be part of any specification, but rather it is intended to be used as a way to align amongst each other in future RAN2 TDocs.
Table 2.1-1 Terminology Mapping Between LCM Functions and MAC and RRC Procedures
	AI/ML Functionality Control Function
	MAC
	RRC

	Activation
	Activation
Based on RRC-provided index
	Configuration or Reconfiguration
e.g., RRCReconfiguration

	Deactivation
	Deactivation
Based on RRC-provided index
	Configuration or Reconfiguration
e.g. RRCReconfiguration

	Selection
	Activation
Based on RRC-provided index
	Configuration or Reconfiguration
e.g. RRCReconfiguration

	Switching
	Deactivation followed by Activation
Based on RRC-provided index
	Configuration or Reconfiguration
e.g. RRCReconfiguration

	Fallback
	Deactivation followed by Activation
Based on RRC-provided Index
	Pre-configuration or Reconfiguration
e.g., RRCReconfiguration
e.g., Conditional handover-like mechanism



Proposal 2: Adopt Table 2.1-1 as a starting point to map AI/ML LCM terminology to MAC and RRC procedures.
2.2 Capability reporting signaling mechanism
In RAN2#125bis [2] the following agreement was made on functionality granularity and capability:
Agreements
1.	Which AI/ML-enabled Features/FGs and functionalities are supported should be standardized. The details wait for RAN1’s progress.   “supported” means that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available.  FFS what functionality refers to.  
2.	Supported AI/ML-enabled Features/FGs and supported functionalities are included in UE capability.

In the context of the above agreements, we understand a functionality refers to an AI/ML-enabled feature or feature group comprised of corresponding configurations. One may further apply this to the use-cases planned for Rel-19 WI. Specifically for beam management use-case, this refers to the variants of the use-case – spatial and time domain beam prediction – BM-Case 1 and BM-Case 2 respectively.
Proposal 3: RAN2 agrees that an AI/ML-enabled functionality refers to a set of functions that are designed by applying ML principles to selected use-cases (or legacy features). In the context of beam-management use case, which in itself is the AI/ML-enabled Feature comprised of BM-Case 1 and BM-Case 2 CSI reporting configurations.
In RAN2#125bis [2] the following agreement was made on applicability/additional conditions:
Agreements for positioning and beam management 
1 Support proactive reporting of UE-sided applicable functionality, e.g., the UE reports its applicable AI/ML functionalities via UAI message/LPP message.  
2 Support reactive reporting of UE-sided applicable functionality.  The NW configures AI/ML functionalities via RRC/LPP message.  FFS what the configuration contains. FFS how to report applicable functionality and what is applicable functionality 
3	FFS how the two approaches will be specified and whether we can combine them into one procedure.    FFS how to report applicable functionality, what is applicable functionality, how the UE determines which function is applicable or not (if it is needed)

AI/ML model generalization for BM-Case 1 and BM-Case 2 have considered (see TR 38.843 [1]) a wide range of aspects, viz., deployment scenarios, outdoor/indoor UE distributions, UE mobility, configuration parameters and settings (e.g., UE codebook, UE antenna array dimensions, different number beams in a seen UE codebook when inference using a subset of Rx beams of training), various gNB settings (e.g., DL Tx beam codebook, gNB antenna array dimensions, various Set A/B of beam(pairs)). However, it is widely understood that it is not possible that there exists a BM reporting configuration that is universally supported by an ML model such that it can always work reliably everywhere the UE moves. This implies that, even though the set of UE capabilities are reported to the network and what UE supports or does not support is clearly visible to the network from the reporting of different IEs in the UE capability information message, there always exists the possibility the ML model may not be able to execute the given configuration. This is the notion captured by the RAN2 agreement by the term “available” and does not refer to the “physical” availability of the ML model but the availability from a functional point of view in a given circumstance (e.g., characterized by the lack of generalization). Viewed another way, this may be termed as “applicable” functionality.
Observation 2: The phrase “model is available” does not refer to the “physical” availability of the ML model but the availability from a functional point of view to support a given configuration.
Proposal 4: RAN2 to confirm if “model availability” implies one or both of the following:  a) physical availability of the model and b) the availability to execute the functionality according to a given radio configuration.
In another perspective, if a UE can perform inference based on a radio configuration for a configured ML functionality, the functionality is considered applicable. For example, such applicability may be temporal (e.g., impacted by internal conditions), impacted by lack of generalization, etc.
Proposal 5: RAN2 to agree that an AI/ML functionality is considered applicable if and only if the UE is able to execute it (e.g., CSI reporting) based on indicated UE capabilities and on the given radio configuration by the AI/ML functionality.
Observation 3: An AI/ML functionality may cease to be applicable, either during the first configuration of the AI/ML-enabled feature immediately after the UE reports the AI/ML-enabled feature’s capabilities or at a later point in time.
If the UE loses an “applicable functionality” how should the network and UE proceed further? These may be about to be configured, already configured but not yet activated or activated radio configuration(s)? It turns out that there are many options to handle these situations. For example, there could be many possibilities - UE considers this as a failure, UE provides an (early) indication to the network, UE switches to another functionality (or fallback to non-AI/ML), etc., Let us summarize at least the important use-cases/scenarios here:
· Use-case 1: A UE that has just received a configuration or is operating with a configuration has the following options:
· Option 1a: If there is no fallback configuration, the UE may trigger RRC re-establishment.
· Option 1b: If there is a fallback configuration configured, the UE may switch to it and indicate this to the network reducing the number of signaling messages compared to Option 1a.
· Option 1c: If the UE is configured with an “early indication (e.g., using the UAI or PUCCH/PUSCH)”, the UE indicates to the network and the network may reconfigure the UE before the failure condition is met at the UE (e.g., assessed by performance monitoring).
· Use-case 2: A UE with a configured (but not activated) configuration has the following options:
· Option 2a: Similar to Option 1a, the UE indicates to the network that a configured, but non-activated functionality is no longer applicable and may be configured by the network to deactivate the configuration (i.e., not use it anymore). The network may reconfigure the UE to delete the configuration. 
· Option 2b: Using the baseline of Option 2a, the network may provide a condition for the UE to take the deactivated configuration into account if the conditions change in the future.

Observation 4: The reporting of non-applicable functionality needs to be supported in scenarios wherein the network needs to know before configuring AI/ML functionality for the first-time as well as knowing when the AI/ML functionality transitions from available to non-available. A generic approach needs to be resorted to rather than defining separate procedures (proactive and reactive reporting).
Proposal 6: RAN2 to drop the terms proactive and reactive reporting and instead agree to defining a network-controlled procedure that allows the UE to report applicable functionality.
Based on the discussion on the use-cases, it seems to make sense that the network should always be able to configure a fallback or recovery mechanism to ensure that the UE doesn’t trigger RRC re-establishment in Option 1. Similarly, some intervention from the network is required in Option 2.
Proposal 7: RAN2 to further discuss configuration of recovery mechanisms per use-case (e.g., fallback) to ensure that the UE does not have to trigger RRC re-establishment every time an AI/ML-enabled functionality changes its state to not-applicable.
3	Beam Management
3.1	Capability reporting
A UE capable of AI/ML-enabled UE-side beam management functionalities should support legacy beam management capabilities. As mentioned in section 2.2, there always exists the possibility that the AI/ML model at the UE may not be able to execute the configured AI/ML-based CSI configuration, even though the set of UE capabilities are reported to the network and the support (not-support) should be visible to the network from reporting.  
As agreed in RAN1, CSI reporting configurations is considered as a starting point for AI/ML-enabled functionality and UE capability reporting framework is used as the baseline when supporting UE related features on beam prediction in Release 19. Reusing the existing CSI measurement and reporting framework, UE’s applicability/inapplicability of corresponding configured functionality can be indicated by means of indices of CSI reporting configuration. For instance, UE can indicate or acknowledge which CSI reporting configurations are applicable via CSI-ReportConfigId associated with reporting configurations. It is not necessarily means to use an additional signaling (e.g., UAI) rather extending in an RRC message (e.g., RRCReconfigurationComplete) by including CSI-ReportConfigId to acknowledge the applicability/inapplicability. 
Observation 5: UE’s applicability/inapplicability of corresponding configured functionality can be indicated by means of indices of CSI reporting configuration.
Observation 6:  It is not necessarily means to use an additional signaling (e.g., UAI) rather extending in an RRC message (e.g., RRCReconfigurationComplete) by including CSI-ReportConfigId to acknowledge the applicability/inapplicability.
Proposal 8: RAN2 to support indication of applicability/inapplicability of configured functionality by extending existing CSI measurement and reporting framework. Details on enabling applicability/inapplicability indication are FFS.

3.2 	Inference
In RAN1#116bis [3], the following agreement was made on introducing different alternatives using CSI-ReportConfig as baseline for AI/ML-enabled CSI report for beam prediction:
	 Agreement
For UE-sided model at least for BM Case-1, CSI-ReportConfig is used for the configuration of inference results reporting
· FFS on the details in the CSI-ReportConfig, at least considering:
· Alt 1: one CSI-ResourceConfigId is configured for Set B
· FFS: how UE can determine the information about set A
· Alt 2: one CSI-ResourceConfigId is configured for both Set A and Set B
· FFS: How to configure resource set(s) for Set A and Set B in CSI-ResourceConfig
· Alt 3: two CSI-ResourceConfigId s are configured for Set A and Set B separately
· Alt 4: one CSI-ResourceConfigId is configured for Set B, Set A is configured using separate resource set(s) other than that represented by CSI-ResourceConfigId 
· FFS: how to configure/indicate separate resource set(s) for Set A
· Note: separate CSI-ReportConfig for Set A and Set B are not precluded.
· Note: Not perform measurement for Set A and only perform measurement for Set B subject to the CSI-ReportConfig
· FFS on the association between Set A and Set B with or without additional IE
· Other necessary configuration are not precluded. 



The inputs to a UE-side beam management model are measurements on CSI-RS corresponding to a Set B of beams. As noted in above agreement, the discussion regarding Set A/Set B beams resource set and configurations is still in progress (at least for BM-Case1) and no agreement on resource set configuration and association between Set A and Set B is made in RAN1 yet. Regardless of which alternative(s) is down selected in RAN1, it is clear that the enhanced CSI reporting and framework should be applied as baseline for RAN2 for both BM-Case1 and BM-Case2.  
Proposal 9: RAN2 to consider RAN1 agreement on Set A/Set B resource set and report configuration as a baseline for both BM-Case1 and BM-Case2. 
3.3	Performance Monitoring
For the UE-sided model performance monitoring, two types based on which entity (configures (e.g gNB) or indicate/request (eg. UE)) monitors the performance, were introduced during Release 18 SI. Type 1 focuses on performance monitoring including both NW-side performance monitoring (Option 1) and UE-assisted performance monitoring (Option 2). Type 2 performance monitoring considers UE-side performance monitoring. Type 2 does not require any RAN2 related signaling/triggering enhancements as it is mainly applicable for model-level monitoring. However, Type 1 performance monitoring including both Option 1 and Option 2 may require triggering/signaling enhancements as either network calculates performance metrics or relevant KPIs (Option1) or UE uses the output of the AI/ML model and calculate the relevant KPI (Alt 1 or Alt 4 as were among the most attractive KPIs during Release 18 SI). However, any discussions on the triggering/signaling of the calculated KPI in RAN2 should be discussed after RAN1 progress on deciding the performance metric KPI. 
Proposal 10: RAN2 to consider network-controlled triggering/signaling enhancements on Type 1 performance monitoring for UE-side beam management functionality, while detailed design of performance metric KPIs can be up to RAN1 discussion.
4	Conclusion
This document has made the following observations:
Observation 1: LCM (procedures) as such will not be fully specified by 3GPP and only the required RRC, MAC, and DCI signaling between the gNB and the UE is to be specified in 3GPP as enablers for the LCM procedures.
Observation 2: The phrase “model is available” does not refer to the “physical” availability of the ML model but the availability from a functional point of view to support a given configuration.
Observation 3: An AI/ML functionality may cease to be applicable, either during the first configuration of the AI/ML-enabled feature immediately after the UE reports the AI/ML-enabled feature’s capabilities or at a later point in time.
Observation 4: The reporting of non-applicable functionality needs to be supported in scenarios wherein the network needs to know before configuring AI/ML functionality for the first-time as well as knowing when the AI/ML functionality transitions from available to non-available. A generic approach needs to be resorted to rather than defining separate procedures (proactive and reactive reporting).
Observation 5: UE’s applicability/inapplicability of corresponding configured functionality can be indicated by means of indices of CSI reporting configuration.
Observation 6:  It is not necessarily means to use an additional signaling (e.g., UAI) rather extending in an RRC message (e.g., RRCReconfigurationComplete) by including CSI-ReportConfigId to acknowledge the applicability/inapplicability.
And the following proposals:
Proposal 1: For subsequent AI/ML related discussions in RAN2, whenever possible for clarity purposes the AI/ML LCM terms such as ‘activate/deactivate/switch/select/fallback’ to be mapped to the usual 3GPP terms like configuration/release/re-configuration and request/provide location information and assistance data.
Proposal 2: Adopt Table 2.1-1 as a starting point to map AI/ML LCM terminology to MAC and RRC procedures.
Proposal 3: RAN2 agrees that an AI/ML-enabled functionality refers to a set of functions that are designed by applying ML principles to selected use-cases (or legacy features). In the context of beam-management use case, which in itself is the AI/ML-enabled Feature comprised of BM-Case 1 and BM-Case 2 CSI reporting configurations.
Proposal 4: RAN2 to confirm if “model availability” implies one or both of the following:  a) physical availability of the model and b) the availability to execute the functionality according to a given radio configuration.
Proposal 5: RAN2 to agree that an AI/ML functionality is considered applicable if and only if the UE is able to execute it (e.g., CSI reporting) based on indicated UE capabilities and on the given radio configuration by the AI/ML functionality.
Proposal 6: RAN2 to drop the terms proactive and reactive reporting and instead agree to defining a network-controlled procedure that allows the UE to report applicable functionality.
Proposal 7: RAN2 to further discuss configuration of recovery mechanisms per use-case (e.g., fallback) to ensure that the UE does not have to trigger RRC re-establishment every time an AI/ML-enabled functionality changes its state to not-applicable.
Proposal 8: RAN2 to support indication of applicability/inapplicability of configured functionality by extending existing CSI measurement and reporting framework. Details on enabling applicability/inapplicability indication are FFS.
Proposal 9: RAN2 to consider RAN1 agreement on Set A/Set B resource set and report configuration as a baseline for both BM-Case1 and BM-Case2. 
Proposal 10: RAN2 to consider network-controlled triggering/signaling enhancements on Type 1 performance monitoring for UE-side beam management functionality, while detailed design of performance metric KPIs can be up to RAN1 discussion.
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