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Introduction
During RAN2 #125bis meeting, following agreements were made for UE-side model LCM:
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.
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.  
1. 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)
Agreements for common LCM framework signaling:
1	For UE-sided model, for the functionality management, the “network decision, network-initiated” AI/ML management is supported as a baseline.  The following can be considered further “UE autonomous, decision reported to the network”, “Network decision, UE-initiated” (i.e. proactive approach).  
2	“UE-autonomous, UE’s decision is not reported to the network” is not considered for Rel-19
In this contribution, we continue discuss the LCM signaling for BM UE-sided model, especially focusing on additional conditions and management aspects.
Discussion
Additional conditions
During RAN2 #125bis meeting, RAN2 discussed the granularity of “functionality” for UE-sided model and agreed that the details of “functionality” is up to RAN1.
	Which AI/ML-enabled Features/FGs and functionalities are supported should be standardized. The details wait for RAN1’s progress.   


RAN2 further discussed mechanisms for transferring NW-side and UE-side additional conditions to help UE to determine whether the function is applicable or not, by using the terminology “applicable functionality” in the agreements. It then becomes unclear whether this “applicable functionality” is considered as a subset of “functionalities” reported via UE capability signaling (where the definition of “functionality” is not clear and up to RAN1) or it is considered in a different dimension (e.g. scenarios, locations, configuration, deployments, etc).
It is observed from the context captured in TR 38.843 [1] that either “additional conditions” or “applicability-related information” is used to represent the tailored applicability of one AI/ML model/functionality. 
	AI/ML models for a given use case may be tailored towards and applicable to specific scenarios, locations, configuration, deployments, among other factors. In this regard, it is acknowledged that AI/ML models may undergo updates, such as model changes, as an inherent part of their development. Therefore, to ensure efficient network control and management, especially associated to what concerns the UE-side, UEs might have the ability to indicate relevant information about their supported AI/ML models and concerning AI/ML functionalities to the network. This can allow the network to perform decisions regarding, e.g., the (de)activation, or switching of AI/ML functionalities and AI/ML models.
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. 


The similar terminology “additional conditions” is also used in RAN1 discussion and agreement:
	· Associated IDs for each sub use case in relation with NW-sided additional conditions


Considering the unclear definition of “functionality” and also to keep consistency between terminology used in RAN1 and RAN2 across this WI, we suggest RAN2 also use either “additional conditions” or “applicability related information” to represent the tailored applicability.
Proposal 1: To keep consistency with RAN1 discussion and TR 38.843, RAN2 uses either “additional conditions” or “applicability related information” to represent the tailored applicability.
UE-side additional condition
Signaling Aspects 
During RAN2 #125bis meeting, RAN2 made following agreements on proactive and reactive reporting:
	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)


In existing UAI framework, UE can report UE assistance information in two different approaches:
1. UAI without network restriction on reporting information: 
UE reports UE assistance information if it is configured so and the reporting information is defined in UEAssistanceInformation. Network can provide configurations on when UAI can be reported, e.g. prohibit timer, etc.
Examples: Overheating assistance information, delay budget reporting, etc.
2. UAI with network configured restriction on reporting information:
Network first provides a list of candidate values (i.e. network cared/supported values) for UE assistance information reporting in OtherConfig, based on which, UE further reports its preference in UEAssitanceInformation within the configured candidate values.
Examples: Candidate serving frequency list in IDC assistance information. 
It is observed that existing UAI framework can support both options, i.e. allow UE to report UE-additional condition with or without network configured candidate list.
Proposal 2: Existing UAI framework is used for both proactive reporting and reactive reporting of UE-side additional condition.
For both proactive and reactive reporting, UE can only send UAI if configured to do (basic behaviour with UAI).  Network may provide additional configuration and UE can provide UAI based on those network configurations.
During proactive reporting, the network configures UE when and how the UE can report UE assistance information via RRCReconfiguration message (e.g. OtherConfig), i.e. allow UE to do UAI reporting or not. The additional conditions can be the measured number of beams in Set B mapped to the number of predicted beams in Set A, e.g. 4-to-64 prediction, 8-to-64 prediction, etc. The network may configure UE with a prohibit timer to avoid frequent reporting of UE-additional conditions.


Figure 1. Proactive Reporting
Proposal 3: Beam management UE-side additional condition includes the mapping between the measured number of beams in Set B and the number of predicted beams in Set A. FFS on other additional conditions.
Proposal 4: During proactive reporting of UE-side additional condition, network configures UE via RRC signalling about whether to allow UE reports assistance information. 
For reactive reporting, network further configures a list of UE-side additional conditions for UE-side beam management use cases as candidate values. Additionally, network can further configure other events for UAI reporting (e.g. deployment scenario change, UE speed change, UE memory change, etc). If UE changes its applicability/preference in UE-side additional conditions and the corresponding reporting events(s) are met, the UE can report its additional conditions via UEAssistanceInformation.


Figure 2. Reactive Reporting
Proposal 5: During reactive reporting of UE-side additional condition, network configures the candidate values for UE-side additional conditions on top of configuration for proactive reporting. FFS on the granularity of candidate values.  
Proposal 5a: During reactive reporting of UE-side additional condition, network further configures reporting events (e.g. deployment scenario change, UE speed change, UE memory change, etc), UE reports its additional conditions if its applicability/preference is changed and the reporting event(s) are met via UEAssitanceInformation. FFS on the reporting events for UE-side additional information reporting.  
Furthermore, we notice that proactive/reactive UAI reporting was also discussed in MUSIM with different understanding, where proactive in MUSIM means that UE reports in advance of an issue such that network can provide a configuration that is compatible with the issue. Reactive in MUSIM means that UE provides an issue with a current configuration. To avoid confusion across WIs, we think it would be good to avoid using “proactive reporting” and “reactive reporting” during the discussion, at least those definitions should not be defined in the specification.
Proposal 6: To avoid confusion with other WIs, use Approach #1 and Approach #2 instead of proactive and reactive reporting during the discussion. Terminology of “proactive” and “reactive” reporting should not be defined in the specification.
Applicability and Model/Functionality Status
For beam management use case, the typical model size is relatively small. Hence, it is possible for UE to store multiple models for different deployment scenarios/conditions. Based on the current scenario that the UE is operating, only one or partial models can be activated for performing model inference. Furthermore, even though one AI/ML model is not activated to perform model inference, it is still possible for UE to collect training data for such a model for future model retuning. Based on above observations, we further consider the model/functionality with following status:
· Available model/functionality: Any model/functionality stored at UE-side or any model/functionality within the candidate list of UE-side additional conditions configured by network.
· Candidate Active model/functionality: An AI/ML model/functionality at UE-side which is preferred by UE to perform model inference.
· Candidate Inactive model/functionality: An AI/ML model/functionality at UE-side which is preferred by UE to perform model training data collection. That is, UE can perform training data collection for such model/functionality according to network configuration, but model inference is not configured/activated.


Figure 3. Model/Functionality Status
In our understanding, the main purpose of providing UE-side additional condition to network is to allow network to provide suitable training/inference configuration towards UE(s). The UE-side additional conditions reported in UAI can be a subset of available models/functionalities. That is, UE only needs to report additional conditions of candidate active/inactive models or functionalities as part of UE assistance information.UE only needs to report for models/functionalities if it wants the corresponding training/inference configuration from the network. The models/functionalities can then be finally activated for training/inference when receiving network configurations.
Proposal 7: The UE includes training configuration request indication and/or inference configuration request indication for the corresponding UE-side additional condition in UAI.
NW-side additional condition 
RAN1 made following agreement in RAN1 #116bis meeting on NW-side additional conditions:
	Agreement
Further study, for the consistency of NW-side additional condition across training and inference for UE-sided model for BM-Case 1 and BM Case 2, where the NW-side additional condition may at least impact UE assumption on beams of Set A/Set B:
· Opt1: Based on associated ID (Referring to AI 9.1.3.3)
· FFS on what can be assumed by UE with the same associated ID across training and inference
· FFS on how associated ID is introduced, e.g., within CSI framework, or outside of CSI framework
· Opt 2: Performance monitoring based
· FFS details  
· Other options are not precluded. 
Agreement
From RAN1 perspective, for UE-sided model(s) developed (e.g., trained, updated) at UE side, following procedure is an example (noted as AI-Example1) of MI-Option1 for further study (including the feasibility/necessity)
· A: For data collection, NW signals the data collection related configuration(s) and it/their associated ID(s) 
· Associated IDs for each sub use case in relation with NW-sided additional conditions
· B: UE(s) collects the data corresponding to the associated ID(s)  
· C: AI/ML models are developed (e.g., trained, updated) at UE side based on the collected data corresponding to the associated ID(s). 
· D: UE reports information of its AI/ML models corresponding to associated IDs to the NW. Model ID is determined/assigned for each AI/ML model
· relationship between model ID(s) and the associated ID(s)
· How model ID(s) is determined/assigned, e.g., 
· Alt.1: NW assigns Model ID
· Alt.2: UE assigns/reports Model ID
· Alt.3: Associated ID(s) is assumed as model ID(s)
· “Model ID is determined/assigned for each AI/ML model” in D is not needed
· Alt.4: Model ID is determined by pre-defined rule(s) in the specification
· FFS: how to report
· Note: D is to facilitate AI/ML model inference
Note: Step A/B/C and additional interaction of associated IDs between UE and NW can be considered as a different solution for resolving the consistency without model identification.


It is observed that an associated ID in relation with NW-side additional condition will be configured to the UE. The associated ID can be configured via RRC signaling together with data collection related configurations. RAN2 can wait for further progress in RAN1 about the details of associated ID and its relationship with NW-side conditions.
Proposal 8: Associated ID in relation with NW-side additional condition is transmitted via RRC signaling, together with data collection related configuration. RAN2 to wait further progress in RAN1 about other details of NW-side additional condition.
Management
For UE-sided model, RAN2 agreed that “network decision, network-initiated” AI/ML management is supported as a baseline. In this section, we further discuss the signalling required to support “network decision, network-initiated” and details of other management options. 
Agreements for common LCM framework signaling:
1	For UE-sided model, for the functionality management, the “network decision, network-initiated” AI/ML management is supported as a baseline.  The following can be considered further “UE autonomous, decision reported to the network”, “Network decision, UE-initiated” (i.e. proactive approach).  
2	“UE-autonomous, UE’s decision is not reported to the network” is not considered for Rel-19
Network decision, Network-initiated
Assistance information for network decision
Similar as NW-sided model, network can always monitor system level performance based on network implementation. Management decision at network side can also be made by considering the following aspects:
· Inference intermediate KPIs, e.g. delta between predicted RSRP and measured RSRP for Set A of beams
· UE-side additional conditions, e.g. upon UE changes its preference/applicability
It was agreed in RAN1 #116bis meeting that UE will report predicted RSRP for BM-Case 1 and BM-Case 2:
	Agreement
For report content of inference results for UE-sided model for BM-Case 1, for the RSRP of predicted Top K beam(s) in the report of inference results, when applicable, further study the following options:
· Option A: Predicted RSRP
· Option B: Predicted RSRP, if the beam is not configured for corresponding measurement, and measured L1-RSRP if the beam is configured for corresponding measurement
· Where the predicted RSRP is based on AI/ML output
· Note: Support both Option A and Option B is not precluded.
Working Assumption
For report content of inference results for UE-sided model for BM-Case 2, the RSRP of predicted beam(s) in the report of inference results, is the predicted RSRP, where the predicted RSRP is based on AI/ML output


To monitor the performance of AI/ML model, the UE still needs to perform actual measurements in selected occasions for Set A of beams as ground truth labels. The UE can either report the actual measured RSRP of Set A of beams to network or the difference between actual measured RSRP and predicted RSRP of Set A of beams via existing CSI reporting framework, together with the associated ID. Upon receiving the ground truth label(s) or intermediate performance KPIs reported from the UE, network can perform management decision accordingly.
According to R1-2310681 [2], the latency requirement of monitoring information reporting is near-real-time, which makes it more straightforward to reuse existing CSI framework, i.e. reporting via L1 signaling.
Proposal 9: During performance monitoring, the UE reuses CSI framework to report either ground truth label of Set A of beams or inference intermediate KPIs calculated by UE to network, together with the associated ID. It is up to RAN1 whether to report the measured RSRP of Set A of beams or other inference intermediate KPIs.
Signaling for management decision
Following options to indicate activation/deactivation/fallback/switching of AI/ML functionality is captured in TR 38.843 [1]:
	In functionality-based LCM, network indicates activation/deactivation/fallback/switching of AI/ML functionality via 3GPP signalling (e.g., RRC, MAC-CE, DCI).


As discussed in above sections, associated ID is used to keep consistency of NW-side additional condition across training and inference for UE-sided model for BM-Case 1 and BM Case 2. This associated ID can further be configured together with data collection related configurations.
By providing data collection configuration for model inference to the UE, network can assume one functionality under certain additional condition is activated. Similarly, the network can implicitly deactivate certain functionalities by releasing the corresponding data collection configuration for model inference in RRC signalling.
Proposal 10: RRC signalling is used to indicate activation/deactivation/fallback/switching of AI/ML functionality by configuring/releasing data collection configurations to the UE.
UE/NW collaborative decision 
During RAN2 #125bis meeting discussion, the boundary between “UE autonomous, decision reported to the network” and “network decision, UE-initiated” is not clear. Both of them require certain level collaboration for management decision. “network decision, UE-initiated” is further interpreted as proactive approach. To avoid ambiguity, instead of discussing two options separately, we mainly focus on the procedure of management collaboration between UE and NW decision.
As discussed in the above section, UE-side additional conditions can be reported via UAI to network, indicating UE’s current applicability and/or preference of different additional conditions. UE can update its UAI based on its monitored performance or UE’s current status (e.g. memory, power consumption, etc). 
Proposal 11: UE autonomous decision is reported to network by updating UE-side additional conditions of candidate active models/functionalities (i.e. with inference configuration request indication) via UAI.
According to the UAI reported by the UE, if the preferred/applicable candidate active models/functionalities in UAI are acceptable for network, network can further provide inference data collection configurations to the UE, implicitly indicating network management instruction to the UE. If the network doesn’t want to support certain applicable functionalities, network will not provide or release the corresponding inference data collection configurations to the UE.
Proposal 12: After reporting of the UE autonomous decision to network, similar as “NW-decision, NW-initiated”, RRC signalling is used by network to confirm activation/deactivation/fallback/switching of AI/ML functionality by configuring/releasing related configurations to the UE.
An example of signaling procedure for UE/NW collaborative decision is shown as below:



Conclusion
In this contribution, we first clarified the terminology between UE-side additional condition/applicability and applicable functionality. Then we discussed signaling used for proactive/reactive reporting and how to configure NW-side additional condition. In the end, we further discussed “UE autonomous, decision reported to the network” and “Network decision, UE-initiated” can be combined as one approach to allow UE perform autonomous decision and receive network configuration afterwards. The observations and proposals are summarized as below:
Terminology
Proposal 1: To keep consistency with RAN1 discussion and TR 38.843, RAN2 uses either “additional conditions” or “applicability related information” to represent the tailored applicability.
Proactive/reactive reporting of UE-side additional condition
Proposal 2: Existing UAI framework is used for both proactive reporting and reactive reporting of UE-side additional condition.
Proposal 3: Beam management UE-side additional condition includes the mapping between the measured number of beams in Set B and the number of predicted beams in Set A. FFS on other additional conditions.
Proposal 4: During proactive reporting of UE-side additional condition, network configures UE via RRC signalling about whether to allow UE reports assistance information. 
Proposal 5: During reactive reporting of UE-side additional condition, network configures the candidate values for UE-side additional conditions on top of configuration for proactive reporting. FFS on the granularity of candidate values.  
Proposal 5a: During reactive reporting of UE-side additional condition, network further configures reporting events (e.g. deployment scenario change, UE speed change, UE memory change, etc), UE reports its additional conditions if its applicability/preference is changed and the reporting event(s) are met via UEAssitanceInformation. FFS on the reporting events for UE-side additional information reporting.  
Proposal 6: To avoid confusion with other WIs, use Approach #1 and Approach #2 instead of proactive and reactive reporting during the discussion. Terminology of “proactive” and “reactive” reporting should not be defined in the specification.
Proposal 7: The UE includes training configuration request indication and/or inference configuration request indication for the corresponding UE-side additional condition in UAI.
NW-side additional condition
Proposal 8: Associated ID in relation with NW-side additional condition is transmitted via RRC signaling, together with data collection related configuration. RAN2 to wait further progress in RAN1 about other details of NW-side additional condition.
Management – NW decision, NW initiated
Proposal 9: During performance monitoring, the UE reuses CSI framework to report either ground truth label of Set A of beams or inference intermediate KPIs calculated by UE to network, together with the associated ID. It is up to RAN1 whether to report the measured RSRP of Set A of beams or other inference intermediate KPIs.
Proposal 10: RRC signalling is used to indicate activation/deactivation/fallback/switching of AI/ML functionality by configuring/releasing data collection configurations to the UE.
Management – UE/NW collaborative decision
Proposal 11: UE autonomous decision is reported to network by updating UE-side additional conditions of candidate active models/functionalities (i.e. with inference configuration request indication) via UAI.
Proposal 12: After reporting of the UE autonomous decision to network, similar as “NW-decision, NW-initiated”, RRC signalling is used by network to confirm activation/deactivation/fallback/switching of AI/ML functionality by configuring/releasing related configurations to the UE.
Reference
[1] TR 38.843, Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR air interface
[2] R1-2310681, Reply LS on Data Collection Requirements and Assumptions
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