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Introduction
Previous RAN1 meetings made some progress when identifying the specification impacts of BM-Case1 and BM-Case2, agreements are copied in Annex, and further discussions are still required on some remaining aspects. 

In this contribution, we discuss functionality identification and functionality-based LCM for BM-Case1 and BM-Case2 by focusing on the UE-sided models in Section 2, the framework for NW-sided BM-Case1 and BM-Case2 in Section 3, and some other remaining additional enhancements in Section 4. 

UE-sided BM-Case1 & BM-Case 2
In RAN WG#1 #112bis-e AI 9.2.1, the following was agreed on functionality identification and model identification defining the basic framework for the 3GPP framework for AI/ML.  
	Agreement
· For AI/ML functionality identification and functionality-based LCM of UE-side models and/or UE-part of two-sided models:
· Functionality refers to an AI/ML-enabled Feature/FG enabled by configuration(s), where configuration(s) is(are) supported based on conditions indicated by UE capability.
· Correspondingly, functionality-based LCM operates based on, at least, one configuration of AI/ML-enabled Feature/FG or specific configurations of an AI/ML-enabled Feature/FG.
· FFS: Signaling to support functionality-based LCM operations, e.g., to activate/deactivate/fallback/switch AI/ML functionalities
· FFS: Whether/how to address additional conditions (e.g., scenarios, sites, and datasets) to aid UE-side transparent model operations (without model identification) at the Functionality level
· FFS: Other aspects that may constitute Functionality
· FFS: which aspects should be specified as conditions of a Feature/FG available for functionality will be discussed in each sub-use-case agenda.
· For AI/ML model identification and model-ID-based LCM of UE-side models and/or UE-part of two-sided models:
· model-ID-based LCM operates based on identified models, where a model may be associated with specific configurations/conditions associated with UE capability of an AI/ML-enabled Feature/FG and additional conditions (e.g., scenarios, sites, and datasets) as determined/identified between UE-side and NW-side.
· FFS: Which aspects should be considered as additional conditions, and how to include them into model description information during model identification will be discussed in each sub-use-case agenda.
· FFS: Relationship between functionality and model, e.g., whether a model may be identified referring to functionality(s).
· FFS: relationship between functionality-based LCM and model-ID-based LCM
· Note: Applicability of functionality-based LCM and model-ID-based LCM is a separate discussion.





	Agreement
· Study necessity, mechanisms, after functionality identification, for UE to report updates on applicable functionality(es) among [configured/identified] functionality(es), where the applicable functionalities may be a subset of all [configured/identified] functionalities.
· Study necessity, mechanisms, after model identification, for UE to report updates on applicable UE part/UE-side model(s), where the applicable models may be a subset of all identified models.



Prior to above agreement, the following was agreed in RAN WG#1 #112 AI 9.2.1:
	Agreement
For UE-side models and UE-part of two-sided models:
· For AI/ML functionality identification
· Reuse legacy 3GPP framework of Features as a starting point for discussion.
· UE indicates supported functionalities/functionality for a given sub-use-case.
· UE capability reporting is taken as starting point.
· For AI/ML model identification 
· Models are identified by model ID at the Network. UE indicates supported AI/ML models.
· In functionality-based LCM
· Network indicates activation/deactivation/fallback/switching of AI/ML functionality via 3GPP signaling (e.g., RRC, MAC-CE, DCI). 
· Models may not be identified at the Network, and UE may perform model-level LCM.
· Study whether and how much awareness/interaction NW should have about model-level LCM
· In model-ID-based LCM, models are identified at the Network, and Network/UE may activate/deactivate/select/switch individual AI/ML models via model ID. 
FFS: Relationship between functionality identification and model identification
FFS: Performance monitoring and RAN4 impact 
FFS: detailed understanding on model 




As highlighted in the above agreement, the next level of details/aspects of a Feature/FG available for functionality specification impacts shall consider per sub-use case. In the next sub-sections, we explain how the BM-Case1 and BM-Case2 can be handled with functionality-based LCM and model-ID based LCM. 

Functionality identification 
In RAN#1 #113, the following was agreed as potential BM-specific conditions/additional conditions for functionality:  
	Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the necessity and potential BM-specific conditions/additional conditions for functionality(ies) and/or model(s) at least from the following aspects:
· information regarding model inference 
· Set A / Set B configuration
· performance monitoring
· data collection
· assistance information



We expect BM-Case1 to consider the following detailed set of agreed conditions as well as further potential conditions for functionalities associated with the BM-Case1 assuming DL Tx beam prediction, 
· Support Top-K DL Tx beam prediction 
· K = 1, 2, 4, [8] 
· This defines the support of predicting best-K NZP CSI-RS resources based on SSB and/or CSI-RS-based RSRP measurements. 
· Set B conditions 
· Measured DL RS (SSB, CSI-RS) 
· Defines support of using SSB and/or CSI-RS-based RSRP measurements. 
· Measured DL RS set dimension (4, 8, 12, [16]) 
· Indicates the minimum number of NZP-CSI-RS resources that shall be measured and used by the UE for predicting best-K NZP CSI-RS resources
· Measured DL RS set pattern (e.g., fixed, pre-configured list, random) 
· Indicates the limitations on Set B conditions 
· Set A conditions 
· Predicted DL RS (CSI-RS)
· Defines support of predicting CSI-RS resources 
· Predicted DL RS set dimension (16, 32, 64)
· Indicates the maximum number of NZP-CSI-RS resources that shall be configured as the prediction NZP-CSI-RS resource set
· NW-side performance monitoring conditions 
· Support measurements of Predicted DL RS set (full Set A, partial Set A)
· Defines the support of measuring the NZP-CSI-RS resources that correspond to Set A. 
· Measurement periodicity (100 ms, 200 ms)
· Indicates the minimum periodicity when supporting NZP-CSI-RS resources that correspond to Set A. 
· Conditions on supporting ML functionalities
· Max number of supported functionalities (1, 2, 4, 8,)
· Indicates the maximum number of functionalities (e.g., number of parameter combinations that enable ML-enabled feature) that can be configured toward the UE 
· Delay in activating a functionality (this can be a single value or different values for switching of different functionalities) (2 ms, 4 ms,..)
· Indicates delay(s) required when activating or switching a functionality
· Generalization condition of functionalities (yes, no)
· Indicates that the UE supports any functionality configured considering the parameter combinations of 1-4 and can be used towards the UE without any validation of whether the functionality is applicable or not. 

Proposal 1. For UE-sided BM-Case1, RAN1 to support further details on conditions for functionalities, 
· Supported beam prediction mode (e.g., Top-1/2/4/8 DL Tx beam prediction)
· Set B conditions (e.g., Measured DL RS (SSB, CSI-RS), Measured DL RS set dimension (4, 8, 12, [16]), 	Measured DL RS set pattern)
· Set A conditions (e.g., Predicted DL RS set dimension (16, 32, 64))
· NW-sided performance monitoring conditions (e.g., support measurements of Predicted DL RS set (full Set A, partial Set A), Measurement periodicity (100 ms, 200 ms))
· Conditions on supporting ML functionalities (e.g., Max number of supported functionalities (1, 2, 4, 8,.), identical or different delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

We expect BM-Case2 to consider the following detailed set of agreed conditions as well as further potential conditions for functionalities associated with the BM-Case2 assuming DL Tx beam prediction, 
· Support Top-K DL Tx beam prediction 
· K = 1, 2, 4, [8] 
· This defines the support of predicting best-K NZP CSI-RS resources based on SSB and/or CSI-RS-based RSRP measurements. 
· Set B conditions 
· Measured DL RS (SSB, CSI-RS) 
· Defines support of using SSB and/or CSI-RS-based RSRP measurements. 
· Measured DL RS set dimension (4, 8, 12, [16]) 
· Indicates the minimum number of NZP-CSI-RS resources that shall be measured and used by the UE for predicting best-K NZP CSI-RS resources
· Measured DL RS set periodicity (40ms, 80ms) 
· Indicates the minimum time duration for measuring NZP-CSI-RS resources that shall be measured.
· Measured DL RS set pattern (e.g., fixed, pre-configured list, random) 
· Indicates the limitations on Set B conditions 
· Set A conditions 
· Predicted DL RS (CSI-RS)
· Defines support of predicting CSI-RS resources 
· Predicted DL RS set dimension (12,16, 32, 64)
· Indicates the maximum number of NZP-CSI-RS resources that shall be configured as the prediction NZP-CSI-RS resource set
· Predicted DL RS set – number of future instances (40ms, 80ms)
· Indicates the maximum time duration (or the number of future instances compared to measurement periodicity) that the NZP-CSI-RS resources can be predicted based on Set B.

· NW-side performance monitoring conditions 
· Support measurements of Predicted DL RS set (full Set A, partial Set A)
· Defines the support of measuring the NZP-CSI-RS resources that correspond to Set A. 
· Measurement periodicity (100 ms, 200 ms)
· Indicates the minimum periodicity when supporting NZP-CSI-RS resources that correspond to Set A. 
· Conditions on supporting ML functionalities
· Max number of supported functionalities (1, 2, 4, 8,)
· Indicates the maximum number of functionalities (e.g., number of parameter combinations that enable ML-enabled feature) that can be configured toward the UE 
· Delay in activating a functionality (this can be a single value or different values for switching of different functionalities) (2 ms, 4 ms,..)
· Indicates delay(s) required when activating or switching a functionality
· Generalization condition of functionalities (yes, no)
· Indicates that the UE supports any functionality configured considering the parameter combinations of 1-4 and can be used towards the UE without any validation of whether the functionality is applicable or not. 

Proposal 2. For UE-sided BM-Case2, RAN1 to support at least the following conditions for functionalities, 
· Supported beam prediction mode (e.g., Top-1/2/4/8 DL Tx beam prediction)
· Set B conditions (e.g., Measured DL RS (SSB, CSI-RS), Measured DL RS set dimension (4, 8, 12, [16]), 	Measured DL RS set pattern)
· Set A conditions (e.g., Predicted DL RS set – number of future instances (40ms, 80ms))
· NW-sided performance monitoring conditions (e.g., support measurements of Predicted DL RS set (full Set A, partial Set A), Measurement periodicity (100 ms, 200 ms))
· Conditions on supporting ML functionalities (e.g., Max number of supported functionalities (1, 2, 4, 8,.), identical or different delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

There may be other related conditions that are also useful to discuss in the upcoming meetings and some of these possibilities are still under discussion. For example, RAN1 made a few agreements related to UE-sided performance monitoring for UE-sided models, features that enable data collection at the UE side, L1-RSRP prediction and reporting other metrics, assistance information required at the UE side, and others. We discuss those aspects in Section 4. 

Proposal 3. For UE-sided BM-Case1 and BM-Case2, RAN1 to support the following optional conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection (including any related assistance information)
· Conditions for predicted L1-RSRP and other metrics
· For BM-Case 2, conditions for single TCI indication (single and multi beams) 

RAN WG#1 #112 [1] and 112-bis-e [2] agreed that UE capability reporting is used as the first step of functionality identification. When considering the reporting of conditions solely through UE capability reporting, the listed components associated with the conditions for functionalities of BM-Case1/2 are reported through the UE capability signaling with the candidate values defined by the specification for FG components. Some components may be categorized as basic components, while others may be defined as optional. There could also be various alternatives for reporting conditions and additional conditions. However, the necessity for such an approach for BM-Case1/2 is not yet fully clear.  
The main purpose of defining conditions and reporting conditions to the network is to configure the UE with one or more functionality to operate/control UE-sided BM-Case1/2. As agreed in RAN1 #112-bis-e AI 9.2.3.1, we expect that NW- configures functionalities based on reported conditions and Functionalities (one or more) are created as the network prefers (similar to any other RRC configurations in NR) based on a combination of conditions (e.g., configuration parameter combinations). As agreed in RAN1 #112-bis-e, each functionality refers to an RRC configuration and configurations related to Set B, Set A, monitoring, reporting, and other aspects can be provided to the UE.  If there is more than one functionality, those are identified by an RRC list ID or mode (similar to legacy). When certain UE’s capability report that the generalization condition (as we suggest in the above conditions) is not satisfied, there may be additional steps that the UE shall follow to validate functionality prior to using it in a given scenario/site/set-up. 
As RAN1 further has a discussion on “Study necessity, mechanisms, after functionality identification, for UE to report updates on applicable functionality(es) among [configured/identified] functionality(es), where the applicable functionalities may be a subset of all [configured/identified] functionalities”, the additional conditions (scenario, site, processing complexity, or other) can be addressed by allowing a reporting option for the UE to report or to indicate preferred functionalities without using UE-capability reporting to allow functionality switching/activation/etc.


Proposal 4. For UE-sided BM-Case1 and BM-Case2, after functionality identification, support UE reporting applicable functionalities among the configured functionalities. 

Performance monitoring
In RAN1 #112, the performance monitoring is listed as NW-sided performance monitoring and UE-side performance monitoring. For UE-sided models, it may sound reasonable to assume both types of performance monitoring approaches, but we think that the functionality level performance monitoring shall always be handled and decided by the NW. 

	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



During RAN1#113, an additional agreement was reached that, from our perspective, should be taken into consideration within the context of the NW-side performance monitoring option.  

	Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, regarding performance monitoring, study potential spec impact(s) from the following aspects in addition to those included in previous agreements: 
· Configuration/Signalling from gNB to UE for measurement and/or reporting
· UE calculates performance metric(s), either reports it to NW or reports an event to NW based on the performance metric(s) 
· FFS: definition of an event and the performance metric(s) used to identify it
· Indication from NW for UE to do LCM operations 





In RAN1#112bis-e the below agreement was reached, and several alternatives were identified in relation to performance monitoring:

	Agreement
For AI/ML model performance monitoring for BM-Case1 and BM-Case2, study potential specification impact of at least the following alternatives as the benchmark/reference (if applicable) for performance comparison:
· Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A) 
· FFS: gNB configures one or multiple sets for one or multiple benchmarks/references
· FFS: the definition of “best beam(s)”
· Alt.4: Measurements of the predicted best beam(s) corresponding to obtained by model output (e.g., Comparison between actual L1-RSRP and predicted RSRP of predicted Top-1/K Beams)
· FFS: 
· Alt.3: The beam corresponding to some or all the indicated/activated TCI state(s)   
· Other alternative is not precluded. 




In the context of a UE-sided model, Alt.1 appears to offer a comprehensive approach that encompasses the scope of Alt.4. The set of beams configured by the gNB for measurement can consist of either full or partial Set A beams. These full or partial Set A beams may include the predicted Top-K beams at the UE. This allows for deriving ground truth measurements for the Top-K beams based on the full or partial Set A beams.

Proposal 5. For UE-sided BM-Case1 and BM-Case2, for any functionality activated towards the UE, 
· The gNB shall be able to do the performance monitoring at the NW side. 
· Support Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A) 
· To support Alt. 1, a dedicated beam measurement and reporting configuration that enables measurement and reporting of full/partial Set A (associated with a given functionality) can be used. 

In certain scenarios, the gNB might prioritize receiving specific KPI reports from the UE's side. This allows the gNB to gain insight into the functionality's performance from the UE's perspective. This topic has been previously discussed within RAN1, and additional metrics are elaborated upon below, 

	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




As in the earlier proposal, when Set A beams are measured by the UE, instead of fully reporting the measured beams, the UE can calculate the performance metrics at the UE. Among the alternatives listed above, Alt.1 is the most reasonable metric that may be easier to define meaningfully. 

For BM-Case2, the gNB would configure UE to perform prediction in a certain prediction window length with respect to the predefined length of the observation window. When the prediction window overlaps with at least one of the observation windows (sliding windows), the UE might perform real-time monitoring during overlapped prediction and observation windows. In such scenarios, the UE may be configured to report the prediction output and measurements within the overlap portion between the prediction window and the observation window.

Proposal 6. For UE-sided BM-Case1 and BM-Case2, for any functionality activated towards the UE, 
· The gNB shall be able to configure a performance monitoring KPI (e.g., Top-K/1 beam accuracy), performance monitoring resources, threshold for monitoring KPI, and monitoring window to determine functionality performance/failures of the activated functionality. 
· Monitoring resources: Support Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A).  
· To enable reporting of the monitoring KPI, a dedicated beam measurement and reporting configuration that enables reporting of monitoring KPI can be used. 
· The UE shall consider the monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· Further consider additional aspects of functionality failure detection for an activated functionality.  
· For BM-Case2, further consider the reporting enhancements to report the KPIs based on overlapping portions of prediction and measurement windows and support methods of controlling the overlaps. 

Functionality selection/activation/switching/de-activation
As discussed in previous sub-sections, the functionalities are configured by the network based on the reported conditions. To allow some flexibility as with legacy functionalities, the network should be able to configure more than one functionality and activate/select the appropriate functionality in a more dynamic manner. 

Furthermore, we think that the performance monitoring is mainly applicable to the selected/activated functionality(s) and based on the poor performance levels, the network shall have the capability for deactivating or switching functionality. 

Proposal 7. For UE-sided BM-Case1 and BM-Case2, when the UE supports more than one functionality, the gNB shall be able to de-activate/switch one of the functionalities via dynamic signaling (e.g., MAC-CE).  
 
Model identification

In RAN1#113 following agreement was made, and following types were identified regarding model identification:

	Agreement
· For model identification of UE-side or UE-part of two-sided models, categorize model identification types as follows, and further study relevant aspects, necessity, and specification impact (if any).
· Type A: Model is identified to NW (if applicable) and UE (if applicable) without over-the-air signaling
· The model may be assigned with a model ID during the model identification, which may be referred/used in over-the-air signaling after model identification. 
· FFS: Spec impact to other WGs
· Type B: Model is identified via over-the-air signaling, 
· Type B1: 
· Model identification initiated by the UE, and NW assists the remaining steps (if any) of the model identification
· the model may be assigned with a model ID during the model identification
· FFS: details of steps
· Type B2: 
· Model identification initiated by the NW, and UE responds (if applicable) for the remaining steps (if any) of the model identification
· the model may be assigned with a model ID during the model identification
· FFS: details of steps
· Note: The support and applicability of each model identification Type is a separate discussion. This study does not imply that model identification is necessary.

Agreement
· Once models are identified, UE can indicate supported AI/ML model IDs for a given AI/ML-enabled Feature/FG in a UE capability report as starting point.
· FFS: applicability to model identification, Type A, type B1 and type B2 
· FFS: Using a procedure other than UE capability report
· Note: model identification using capability report is not precluded for type B1 and type B2



In the context of model identification for UE-sided beam prediction models, RAN1 shall investigate whether model identification is required to enable the sub-use case. If there is a requirement for supporting the model identification, further discussion on offline or online model identification may be required. According to our view, the beam prediction is a very simple sub-use case that functionality identification and functionality-based LCM is enough to support good performances. However, there were concerns from companies that specific additional conditions such as beam codebook, area/site/scenario assumptions, and other details are not known to the gNB if solely relying on functionality identification. According to our view, allowing UE reporting the applicable functionalities can address any additional conditions unknown to the gNB, where the UE can have the choice to indicate the preferred set-up that beam prediction can be applied. 

Observation 1: For UE-sided BM-Case1 and BM-Case2, identifying additional conditions can still be implicitly handled by UE reporting applicable functionalities among the configured functionalities.

For the case of requiring knowledge of explicit understanding of applicable additional conditions, such as exact beam code books that UE-sided beam prediction works, model identification may be needed. One of the model identification categories is referred to as "Type A." In this approach, the model identification process bypasses the utilization of over-the-air signaling. Furthermore, this type of identification may involve the assignment of a unique model ID during the initial model identification phase. This assigned model ID could subsequently serve a significant role by being referenced or employed in over-the-air signaling following the completion of the model identification procedure. We think such model identification can be handled via Type A and identified model ID(s) can be indicated via UE-capability signalling also for the beam prediction sub-use case. 

Observation 2: For UE-sided BM-Case1 and BM-Case2, with model identification (Type A or Type B), gNB and UE can identify additional conditions associated with a UE-sided model.  

Observation 3: For UE-sided BM-Case1 and BM-Case2, based on the latest agreement in RAN1 #113 meeting [3], it may be possible to use offline model identification (Type A) with reporting supported model-ID(s) in the UE-capability to identify additional conditions associated with a UE-sided model. 

Online model identification is facilitated through over-the-air signaling, with RAN1 defining two distinct approaches known as 'Type B1' and 'Type B2'. In 'Type B1', the UE initiates the model identification process, while the NW takes on a supportive role in guiding subsequent stages. A key step within this procedure involves the potential assignment of a dedicated model ID, effectively linking a unique identifier to the recognized model. Conversely, 'Type B2' inverts the initiation process. Overall, the complete procedures for both 'Type B1' and 'Type B2' are yet to be defined.

Proposal 8. For UE-sided BM-Case1 and BM-Case2, related to the functionality/model identification and handling of additional conditions, RAN1 shall consider the following, 
· Functionality identification and functionality-LCM procedures are mandatory to support the beam prediction use case. 
· Additionally, any of the following method(s) can be used to handle additional conditions associated with the functionalities, 
· UE reporting applicable functionalities among the configured functionalities (also in Proposal 3). 
· Offline model identification and corresponding model-ID(s) reported in UE-capability (already agreed in AI 9.2.1)
· Further study on how to support online model identification. 

NW-sided BM-Case1 & BM-Case 2

For an NW-sided BM-Case1 or BM-Case2, the gNB may use one or more ML models and usage of the ML models may not be fully visible to the UE. Also, conditions or functionalities are not fully discussed in the case of NW-sided models. 
	Agreement
For BM-Case1 and BM-Case2 with a network-side AI/ML model, study potential specification impact on the following L1 reporting enhancement for AI/ML model inference
· UE to report the measurement results of more than 4 beams in one reporting instance
· Other L1 reporting enhancements can be considered

Agreement
For BM-Case1 and BM-Case2 with a network-side AI/ML model, study the NW-side model monitoring:
· NW monitors the performance metric(s) and makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation

Agreement
Regarding NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, study the potential specification impacts from the following aspects
·  Beam measurement and report for model monitoring
Note: This may or may not have specification impact



For an NW-sided BM-Case1, the following can be said in general.  
· As the NW may consider any K value for Top-K (K = 1, 2, 4, etc.) DL Tx beam prediction and implementation detail at the NW side, the exact K may not be known directly to the UE.  
· If the NW considers certain Set B measurement conditions (e.g., SSB or CSI-RS measurements, Set B dimensions, etc..), the UE measurement and reporting shall at least be configured to enable the gNB to receive beam measurements. For example, as agreed above, “UE to report the measurement results of more than 4 beams in one reporting instance” may be applied to get enough measurements from the UE side. In any case, the UE may not fully know the exact Set B assumption the NW uses. 
· If the NW considers certain Set A conditions (Predicted DL RS set dimension (16, 32, 64)), depending on the Top_K assumption and Set A assumption, the NW may decide on of the following, 
· The NW may trigger CSI measurements for the predicted outcome, e.g., Top-K beams in Set A, and the UE shall measure the DL RS corresponding to the Top-K beams in Set A and report the best beams to the NW. The UE may get to know which beams are contained within Top-K beams as it shall measure those beams, and it may be a sub-set or different set of beams that UE previously measured. 
· The NW may indicate the predicted beam as the beam indication or activate one or more predicted beams to the UE. Here, the network shall ensure that the predicted beam was measured by the UE to meet RAN4 timelines on known and unknown TCI states. The UE may not fully know the background of this beam indication/activation. 
· For an NW-sided BM-Case1, performance monitoring shall be mainly handled by the NW by getting additional beam measurement reporting of set A from time to time. This was agreed before “NW monitors the performance metric(s) and makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation”. The legacy framework for A-CSI reporting and P-CSI reporting (with higher periodicity) seems to be good enough to support this. 
 
Proposal 9. For NW-sided BM-Case1, the following potential specification impact can be considered, 
· For model inference at the NW, enhancements to the CSI reporting such that the UE can be configured to report the measurement results of more than 4 beams and corresponding L1-RSRP in one beam reporting instance.
· For beam indication/activation towards the UE, enhancements to the CSI reporting to enable beam measurement and reporting of beams corresponding to the Top-K predicted beams.   
· For performance monitoring at the NW, enhancements to the CSI reporting may not be needed to enable full/partial Set A beam measurements.
  
For a NW-sided BM-Case2, similar to the above discussion, the following can be said in general.  
· As NW may consider any K value for Top-K (K = 1, 2, 4, etc.) DL Tx beam prediction and implementation detail at the NW side, the exact K may not be known directly to the UE.  

· The NW has to consider beam measurements of a Set B (typically this shall be the same as Set A to get good performance) for a T1 time duration, where there are more than one measurement and reporting instances. Similar to the BM-Case1, if NW considers certain Set B measurement conditions (e.g., CSI-RS measurements, Set B dimensions, measured time duration T1, etc..), the UE measurement and reporting shall at least be configured to enable the gNB to receive beam measurements. Here, the UE may know the T1 time duration as it requires reporting the beam measurements during that time duration.

· For Set A conditions, compared to BM-Case1, there may be an additional dimension that determines predicted time duration T2 (or F predicted future instances). Here, the UE shall know this to avoid Set B measurements and reporting. 

· Similar to BM-Case1, for an NW-sided BM-Case2, performance monitoring shall be mainly handled by the NW by getting additional beam measurement reporting of set A occasionally. This was agreed before “NW monitors the performance metric(s) and makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation”. The legacy framework for A-CSI reporting and P-CSI reporting (with higher periodicity) seems good enough to support this. 
 
Proposal 10. For NW-sided BM-Case2, the following potential specification impact can be considered, 
· For model inference at the NW, enhancements to the CSI reporting such that the UE can be configured to report the measurement results of more than 4 beams and corresponding L1-RSRP in one beam reporting instance.
· For model inference at the NW, enhancements to the CSI measurement and reporting such that the UE can be configured to measure DL RS and report the measurement results for a T1 duration of time and deactivate the measurements/reporting for a T2 duration of time.  
· For beam indication/activation towards the UE, during T2 duration of time, enhancements to the CSI reporting to enable beam measurement and reporting of beams corresponding to the Top-K predicted beams.   
· For performance monitoring at the NW, enhancements to the CSI reporting may not be needed to enable full/partial Set A beam measurements.  


For a DL beam pair prediction of BM-Case1 with a NW-sided AI/ML model, NW and UE need to coordinate on the considered Rx codebook for Set B and Set A. The coordination can be done with an offline dataset sharing including a codebook ID or sharing very coarse information about the UE Set B/A codebooks. For the latter case, the information exchange can be done by sharing only the desired Rx beam ID at a coarse quantized set of azimuth and elevation angles. NW can use the coarse information to interpret the measurements in Tx Rx Set B and predict the optimal beam pair from Tx Rx Set A. This information enables a NW model to map measurements in Rx beam space to Rx direction space, which leads to serve UEs with different Set B and Set A codebooks.

Observation 4: For NW-sided DL beam pair prediction of BM-Case1, information about the Rx beam codebook needs to be coordinated with NW, either by indicating an ID corresponding to a shared dataset or information about the Rx beam ID at coarse quantized angles.

[bookmark: _Ref110848136]Further aspects
Beam types/constructions
RAN1 shall further discuss whether some prioritization is needed between Alt.1: Set A and Set B are different (Set B is NOT a subset of Set A) and Alt.2: Set B is a subset of Set A. Based on the studies we have in [4], the main benefits can be found with “Alt.2: Set B is a subset of Set A” and it shall have a priority of the study item to limit the variants under study. 

Another open point coming from RAN1 #110 meeting is to study the type of beams assumed in Set A and Set B, and three alternatives are listed for that. 
•	Alt.1: DL Tx beam prediction
•	Alt.2: DL Rx beam prediction
•	Alt.3: Beam pair prediction (a beam pair consists of a DL Tx beam and a corresponding DL Rx beam)

Alt.2 is deprioritized already in RAN1 #112 and RAN1 shall consider any prioritization between Alt.1 and Alt.3. At least for NW-sided models, Alt.3 does not make sense and Alt.3 can be considered for the UE-sided model

Proposal 11. For BM-Case1, consider the following, 
· For the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A.
· For beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

For BM-Case2, the following alternatives were discussed, and Alt.2 was deprioritized in RAN1 #112, 
· Alt.1: Set A and Set B are different (Set B is NOT a subset of Set A)
· Alt.2: Set B is a subset of Set A (Set A and Set B are not the same)
· Alt.3: Set A and Set B are the same

For Alt.3 Set B and Set A are the same, the underlying assumption is to use an exhaustive search for all Set A beams during the K measurement instants. One can expect this scheme will have the best beam prediction performance for the future F measurement instants, but the measurement overhead will be relatively large during the K measurement window. For Alt.2 Set B is a subset of Set A, and the measurement overhead during the observation period K can be reduced compared to the case that Set B and Set A are the same. Similar to BM-Case 1, the beam pair prediction at the NW side is not feasible. Therefore, for NW-sided BM-Case2, we propose prioritizing the DL Tx beam prediction.

Proposal 12. For BM-Case2, consider the following, 
· For the construction of Set A/B, prioritized “Set B and Set A are the same”.
· For the beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Reported parameters 
In addition to the predicted beam indices (Top-K) from the UE-sided model, there were some discussions on reporting other parameters to the network. For example, RAN1 #112 made the following agreement, 

	Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the necessity, feasibility and the potential specification impact (if needed) of the following information reported from UE to network: 
· Predicted L1-RSRP(s) corresponding to the DL Tx beam(s) or beam pair(s)
· Whether/how to differentiate predicted L1-RSRP and measured L1-RSRP
· Confidence/probability information related to the output of AI/ML model inference (e.g., predicted beams)
· FFS: Definition/content of confidence/probability information
· 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, study potential specification impact of AI model inference from the following additional aspects on top of previous agreements: 
· Indication of the associated Set A from network to UE, e.g., association/mapping of beams within Set A and beams within Set B if applicable
· Beam indication from network for UE reception
· Note: The second bullet may or may not have additional specification impact (e.g., legacy mechanism may be reused).





For L1-RSRP reporting, if the ML model provides such outputs, the beam report can also carry the predicted L1-RSRP in some form, but this should be optional and applicable for both BM-Case1 and BM-Case2. Also, for both BM-Case1 and BM-Case2, it makes sense to consider the possibility of reporting “other information” when the ML output also provides such possibilities. 

Proposal 13. For UE-sided BM-Case1 a with a UE-side AI/ML model, consider the potential specification impact of L1 signaling to report predicted L1-RSRP to the NW.  

In RAN1 #112bis-e, some companies expressed their concerns about distinguishing reporting measured and/or predicted L1-RSRPs. To have better insight on distinguishing predicted L1-RSRP from measured L1-RSRP when the UE-sided model is employed, two different cases can be taken into account:
1. Set B and Set A are different
2. Set B is a subset of Set A

Considering the first option, Set B is different from Set A, NW should be able to distinguish predicted L1-RSRP from measured RSRP since they are reported from different Sets. In other words, if reported beams belong to Set A, NW knows that it is a predicted L1-RSRP report. Whereas, if reported beams belong to Set B, NW knows it is a measured L1-RSRP report. For Set B is a subset of Set A, as Set A shall be assumed for reporting the beam indices, the NW gets an understanding on whether reported L1-RSRP is measured or predicted beam based on the associated beam index. 
[bookmark: _Ref131675217]
[bookmark: _Ref131677167][bookmark: _Toc131677220][bookmark: _Toc131677335][bookmark: _Toc131677339]Observation 5. To distinguish predicted L1-RSRP from measured L1-RSRP when the UE-sided model is employed,
· If a reported beam belongs to Set B, NW knows it is a measured L1-RSRP, otherwise, NW knows it is a predicted L1-RSRP.

In RAN1#112, companies suggested studying the reporting of confidence/probability information along with predicted beam ID/predicted L1-RSRP bream. However, there was no discussion concerned the definition and benefits of reporting such additional information. Since the benefits and potential configurations are not clear, we suggest discussing further on how to define confidence/probability information and its potential specification aspects.
  
Proposal 14. RAN1 to consider reporting confidence/probability information related to the output of AI/ML model inference (e.g., predicted beams). 

In RAN1 #112bis-e the following proposal was made by FL on the UE-sided model but was not agreed in the end:

	Proposal 3.3.2: 
· For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the necessity, benefit(s), and potential specification impact of AI model inference from the following additional aspects on top of previous agreements: 
· For BM-Case1: L1 reporting of more than 4 predicted beams and the associated L1-RSRP (if applicable) in one reporting instance
· For BM-Case2: L1 Reporting of more than 4 predicted beams and the associated L1-RSRP (if applicable) for at least one of N time instance(s) in one reporting instance 
· FFS: values of N (e.g., fixed or variable) 
· FFS: How to reduce the overhead
· Note1: The performance gains should be justified by considering UCI payload overhead




In our view, in the predicted beam report, the main benefit comes from reporting predicted beams associated beams with confidence/probability information which not only assists NW to receive knowledge on the predicted beams in terms of probability but also can be beneficial to reduce UCI overhead limiting the reporting to only N predicted beams. As such, if N-predicted beams with the highest probability information can be exploited from the output of the ML model at the UE, the number of predicted L1-RSRP reports can be decreased. We suggest a variable for N since NW will be able to reconfigure the value of N (as the size of e.g., Top-K predicted beams) in order to avoid performance degradation          

Proposal 15. RAN1 to consider overhead reduction on predicted beams by means of configuring variable value of N beams for predicted beams.

Data collection 
For NW-sided BM-Case1/2, the NW configures the UE to measure and report the DL RS measurements (i.e., L1-RSRP) for Set A if Set B is a subset of Set A, or for Set A and Set B if Set B is different from Set A. Based on collected measurements, the NW trains or updates or validates the ML model with the collected CSI measurements. In this step, the CSI report for Set A, or Set A with Set B should be studied as in the current framework the UE reports the N downlink beams with the N-best received power. Since N is currently limited to 4, more than 4 RSRP reports may be needed as well as other possible CSI quantities. This is already a working assumption coming from the RAN1 #110-bis-e meeting. 

Data collection for a UE-sided model
In RAN1#113, the following agreement was made regarding studying the potential specification impact related to NW signalling of assistance information to assist UE-sided model on data collection:  

	Agreement
Regarding data collection for BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the benefits, necessity and potential specification impact of the following aspect on top of those we have agreed in previous meeting:
· Assistance information from NW to UE for UE data collection for categorizing the data for the purpose of differentiating characteristics of data
· The assistance information should preserve privacy/proprietary information.




Some companies showed interest in investigating the potential of signalling assistance information from NW to UE for UE sided model data collection (the agreement made in RAN1#113) for categorizing the data in forms of ID using assistance information for the purpose of differentiating characteristics of data due to specific configuration, scenarios, site etc.

Regarding the data collection for AI/ML model training at the UE side, triggered by UE, the UE may report the supported/preferred configurations related to Set A and/or Set B beam measurements and the transmission of assistance information from the NW to UE. Thus, UE may require flexibility to request the data collection and CSI- RS measurement enhancements may also be required for data collection at the UE side for instance by allowing the measurements of full or partial Set A beam (associated with a functionality) to have a longer periodicity than the Set B measurements. Assistance information as another aspect may be transmitted from NW to UE to support the UE training of the model. One example as discussed in RAN1 could be when UE may have more details about the relation between Set A beams and Set B beams. However, a key aspect which requires attention is preserving sensitive and proprietary information during the transmission of assistance information. Some companies in RAN1#113 proposed Information about NW physical properties, e.g., NW beam codebook ID, NW antenna configuration ID identifying some information about environment category or interpreting assistance information in the format of vendor specific ID (e.g., NW codebook ID). However, none of the proposed options as assistance information preserves privacy/proprietary.  

Observation 6. Information about NW physical properties, e.g., NW beam codebook ID, NW antenna configuration ID identifying some information about environment category or interpreting assistance information in the format of vendor specific ID (e.g., NW codebook ID) are not considered as assistance information targeting preserves privacy/proprietary information.  

On the direction of data categorization using assistance information preserving privacy/proprietary information, the UE knowledge about the type of data collected becomes key for UE side data collection and correctly operating the model.  Although the use of assistance information may be a solution the NW may preserve NW-side proprietary information (e.g., NW beam shape, Tx beam angle, beam boresight direction) avoiding to explicitly signal this information as assistance information to the UE. For providing enough information to help the UE categorizing the data collected, the NW may signals as assistance information an identifier of NW configuration and/or some characteristics of the L1-RSRP measurements associated with the current NW configuration used for CSI-RS transmission..

[bookmark: _Hlk134805221]Proposal 16. Regarding data collection for BM-Case1 and BM-Case2 for UE-side model trained at UE side, RAN1 to consider the specification impact related to NW signalling an identifier of NW configuration and/or some characteristics of the L1-RSRP measurements associated with the current NW configuration (used by the NW for CSI-RS transmission) to help UE on categorizing data for data collection. 


In RAN1#112bis-e the following agreement was made regarding data collection at UE side AI/ML model:

	Agreement
Regarding the data collection at UE side for UE-side AI/ML model, study the potential specification impact of UE reporting to network from the following aspect
· Supported/preferred configurations of DL RS transmission 
· Other aspect(s) is not precluded





As preferred configurations of DL RS transmission highlighted as one potential specification impact on data collection at the UE, considering Beam pair prediction, with a UE-sided AI/ML framework where the UE measures the L1-RSRP for a set of DL Tx-Rx beam pairs to enable DL Tx-Rx beam pair prediction, then methods for reducing the necessary measurement space for DL TX-RX beam pair prediction may be useful to indicate preferred DL RS.  It is known that in FR2 channels, we might have only a small number of dominant directions of departure from the TX side and a correspondingly small number of arrivals with respect to the RX side. As a result, there is likely to be a small number of DL RS preferred beams along with a small number of preferred RX beams for each TX beam.  It might therefore be difficult for a random or pre-determined sampling of DL Tx-Rx beam pair measurements to provide consistent beam pair prediction accuracy for a UE-sided AI/ML model aimed at beam pair prediction or data collection in general.  An alternative strategy is one where the UE measurements are restricted to TX beams corresponding to the dominant directions of departure from the gNB TX side and the RX beams corresponding to the dominant directions of arrival at the UE RX side.  The UE could indicate a set of DL Tx beams corresponding to the dominant TX directions.  Then, for each of the indicated TX beams, the UE can also indicate the number of “P3” repetitions to enable the UE to sweep its RX beams according to the dominant RX directions of arrival in case of beam prediction or data collection.  The UE would measure the L1 RSRP for the resulting combinations which would be the input to the AI/ML model.  

Proposal 17. For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, consider methods to reduce the necessary measurement space for DL TX-RX beam pair prediction at the UE side.  

Proposal 18. For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, consider methods to indicate the necessary measurement space of preferred DL RS beam at the UE side.  

In RAN1#112bis-e the following agreement was made regarding the specification aspect of initiating data collection for UE sided AI/ML model:

	Agreement
· Regarding the data collection at UE side for UE-side AI/ML model, study the potential specification impact (if any) to initiate/trigger data collection from RAN1 point of view by considering the following options as a starting point 
· [bookmark: _Hlk134961432]Option 1: data collection initiated/triggered by configuration from NW 
· Option 2: request from UE for data collection 
· FFS: details



Option 1 discusses enabling RS transmission for data collection initiated by the NW while UE is in data collection mode. To utilize Option1, RS transmission request (e.g., UE capability) is required from the UE prior to data collection triggering from the NW. As such, Option 1 cannot work without UE’s request. Option 2 however discusses how the request is sent out from UE to NW. In RAN1#112bis-e, some companies discussed the details of UE requests and what should be the conditions for data collection or whether this request could be more dynamically triggered asking NW to transmit certain RS. To our view, data collection for model training should be discussed in RAN2. On data collection for monitoring, Option 1 is more compatible with the existing procedure as NW always triggers/initiates monitoring.

Proposal 19. On data collection for model training for BM-case1 and BM-case2, enhancements for having dedicated RS measurements or reporting framework are not considered for model training. 

Proposal 20. On data collection for model monitoring, Option 1 is supported. 
    •	Option 1: data collection initiated/triggered by configuration from NW

In some cases, even though data collection for model training often happens offline before defining any functionalities around background models, additional RS configurations and reporting enhancements may be needed for data collection especially for performance monitoring, functionality validation, or fine-tuning or updating of background model(s) to optimize the performance. 

For the UE-sided BM-Case1/2, as the functionality-based LCM is considered, any data collection process shall refer to a functionality configured towards the UE. For background model updates within a given functionality, the network may provide additional RS configurations for data collection for performance monitoring, mainly for monitoring of functionality (visible to the network). Using the same DL RS configurations for monitoring or updating the models applicable for the functionality can be handled based on UE implementation.   

Proposal 21. For UE-sided BM-case1 and UE-sided BM-case2, for functionalities supported towards the UE, RAN1 shall consider the required CSI-RS measurement enhancements for data collection at the UE side.
· Allowing the measurements of Full or partial Set A (associated with a functionality) beam measurements with a longer periodicity than the Set B measurements can be considered.


Data collection for a NW-sided model
In RAN1#113 various aspects specifically regarding content of data, overhead reduction, and the necessity on ensuring the common understanding between NW and UE on the Rx beam assumption during data collection were discussed.  Concerning contents of collected data for NW-side AI/ML model trained at NW side, RAN1#112bis-e made the following agreement:

	Agreement
Regarding data collection for NW-side AI/ML model, study the following options (including the combination of options) for the contents of collected data, 
· Opt.1: M1 L1-RSRPs (corresponding to M1 beams) with the indication of beams (beam pairs) based on the measurement corresponding to a beam set, where M1 can be larger than 4, if applicable
· FFS: the range of M1
· Opt.2: M2 L1-RSRPs (corresponding to M2 beams) based on the measurement corresponding to a beam set, where M2 can be larger than 4, if applicable
· FFS: the range of M2
· Opt.3: M3 beam (beam pair) indices based on the measurement corresponding to a beam set, where M3 can be larger than 4, if applicable
· FFS: the range of M3
· FFS: How to select the M1/M2/M3 beam(s) or beam pair(s)
· Note: Overhead, UE complexity and power consumption should be considered for the above options





On the aspects related to the content of data collection at NW-side model, we prefer to mainly focus on performance monitoring or model fine-tuning. Several combinations of above three options were discussed. Opt1 enables NW side model for monitoring/update via enhancing legacy procedure where reporting more than 4 beams (L1-RSRP+ Beam ID) are allowed as well. Opt2 does not include beam IDs during reporting specifically when the reported beam indicators do not correspond to the reported RSRPs to reduce overhead. as such, the reported beam indicators are the ones corresponding to the RSRPs which are not reported. Other proposed observation was that Opt2 can be beneficial if all the RSRPs in set A are reported for training and there will be no need to report any beam indicators. Opt3 only includes reporting beam indices (e.g., best beam, top-K beam or Set B) on combining Opt1 and Opt3, selecting the content of data collection for NW side model performance monitoring matters. In an example, L1RSRP measurements and beam IDs of Set A as well as top-K corresponding to Set A to compare the prediction with ground-truth. can be reported compared to Opt1 From our views, Opt1 and Opt3 provide sufficient mechanisms for data collection.    

Proposal 22. On selecting the content of data collection for NW side model performance monitoring, support both Opt1 and Opt3.

Apart from down selecting above options, many companies discussed about reducing reporting overhead of L1 signalling for the content of the NW-sided which is perform either based on reporting L1-RSRP measurements, beam ID or both as followed up discussion to below agreement made in RAN1#112bis-e:

	Agreement
Regarding data collection for NW-side AI/ML model, study necessity, benefits and beam-management-specific potential specification impact from RAN1 point of view on the following additional aspects 
· Mechanism related to the reporting
· Additional information for content of the reporting
· FFS:  Information associated with or configured for the reported data samples, e.g., timestamps, SNR, data quality, etc.
· Reporting overhead reduction
· Note1: non-3GPP based solution is a separate issue. 
· Note2: The framework corresponding to higher layer(s) are up to the associated WG(s)
· Note 3: Overhead, UE complexity and power consumption should be considered 




On important aspect from our view is that all the proposed options on the content of data impose additional support of L1-beam report and beam indication while measuring results of possibly more than 4 beams in reporting instance. on the direction of reducing overhead for NW-sided data collection following aspects were summarized by FL in RAN1#113:

· Whether/how omit some data: to report only part of the measurements (e.g., reporting lower number of reported beams) imposing lower overhead
· Whether/how to compress the reported content: to report compressed value(s)based on temporal sequence of L1-RSRP
· Whether/how to reduce the quantization bits of measurement results: to report quantized L1-RSRP and/or normilazied L1-RSRP measurement with lower number of bits that the current specification

In our view, overhead reduction by means of reporting less data (e.g., lower number of reported beams) or compressing values based on the L1-RSRP sequences in time can be interpreted via reporting quantized L1-RSRP measurements. Although legacy quantization framework can be useful reducing the overhead on L1-RSRP measurement reporting, the majority of measured/quantized RSRPs can be still very close to the noise level in which leads to unnecessary overhead.

Observation 7. Legacy quantized L1-RSRP measurements reporting for collecting data in NW-sided model case covers other aspects e.g., overhead reduction by means of reporting less data (e.g., lower number of reported beams) or compressing values based on the L1-RSRP sequences in time. However, the majority of reporting measured/quantized RSRPs (via applying legacy framework) can be still very close to the noise level (even with employing lower number of bits for quantization) in which leads to no major change on measurement reporting (due to reporting quantized L1-RSRPs with close to noise level values), non-useful measurement reporting for NW and eventually unnecessary overhead on measurement reporting.

Proposal 23. For NW-sided data collection, RAN1 to consider unnecessary overhead on measurement reporting coming from quantized L1-RSRPs values very close to noise level. 
· Reduce the measured quantized reporting overhead 


As a follow up discussion relevant to above agreement (made in RAN1#112bis-e), some discussion in RAN1#113 made to the following proposal from the FL:

	Proposal 2.2.2: Regarding data collection for NW-side AI/ML model of BM-Case1 and BM-Case2, study necessity, and potential specification impact on the following aspect  
· Mechanism to ensure the common understanding between NW and UE on Rx beam assumption for reported measurement result(s) 



Measurement inaccuracies reported for data collection in NW-sided case, may impact both the quality of input and output performance of the model. As an example, the inaccuracies in the L1-RSRP values included in the measurements report for Set B beams may affect the model input. At the same time, when UE reports the complete Set A beams, the measurement errors may also affect the training, inference and performance monitoring, due to determining inaccurate ranking of Top-1 and/or Top-K best beams or beam pairs (used as ground truth for model output) comes from Set A beams L1-RSRP values– impacted by inaccuracies.

Moreover, the Tx-Rx beam pairs prediction model requires collecting multiple Tx-Rx beam pairs measurements differentiating between the measurements performed with the same Tx beam and different Rx beams. However, to avoid disclosing proprietary information, there is no explicit information about the Rx beam used to measure the Tx-Rx beam pairs that are communicated by the UE to the NW. Thus, lacking such knowledge at the NW node precludes training and performing inference about the Tx-Rx beam pairs at the NW side. In our view, potentials to consider common understanding between NW and UE on Rx beam in Tx-Rx beam pairs prediction is required since it may impact the model performance as discussed above. 

Observation 8. Common understanding between NW and UE on Rx beam assumption for reported measurement result(s) for Tx-Rx beam pair prediction is required due to no explicit information about the Rx beam used to measure the Tx-Rx beam pairs that are communicated by the UE to the NW on one hand, and measurement inaccuracies on the reported data on the other hand.
Proposal 24. RAN1 to support the potential specification impact on the following aspect.
· Mechanism to ensure the common understanding between NW and UE on Rx beam assumption for reported measurement result(s) 

Further, for the NW-sided BM-Case1/2, if the network wishes to collect the data from the UEs for an NW-sided model, the network may need to limit the amount of data recording at the UE and reporting only the essential data to the NW. For example, if the NW-sided model can be updated by considering the failure instances of the model, whenever there is a failure instance in the prediction (which can be identified by either UE or NW), the UE may be configured to log and report the Set A/Set B measurements correspond to the model failure instance.  

Proposal 25. For NW-sided BM-case1/2, discuss signaling of configuring UE for data recording and reporting for beam measurements of Set B/A corresponding to the failure instances of the NW-sided model. 

Additional aspects for model inference
In RAN1#112bis-e and RAN1#113 companies conveyed discussions on the feasibility and specification impact of beam indication of multiple future time instances as an additional aspect in BM-Case2. Discussion on this direction made to the following FL proposal without any agreement:

	Proposal 3.2.1A: For BM-Case1 and BM-Case2, study necessity, benefit(s) and potential specification impact from the following additional aspects for AI model inference:

· Top-1/K Beam indication of one or multiple future time instances for BM-Case2
· Reporting information about measurements of multiple past time instances in one reporting instance for BM-Case2 
· Note: only applicable to network-side AI/ML model
· Note: The potential performance gains of measurement reporting should be justified by considering UCI payload overhead



One important aspect as highlighted above is specifying the TCI states signalling framework in which BM-Case2 beam prediction can be applied. Both Rel-15/16 and Rel-17 unified TCI state indication framework follow a timeline for the beams to be applied. In Rel-17 unified TCI state indication framework, NW can indicate the best predicted beam to UE following the legacy beam application timeline based on the time instance the best beam should be applied. Additionally, NW may indicate the best beams of multiple future time instances in one indication, and the best beams along with the corresponding application time information can be provided to UE.
However, specification impact on the current TCI beam indication framework while BM-Case2 with the possibility of a sequence of beams indication is considered should be discussed. In other words, the essential changes to the current TCI state beam indication should also take into while indicating multiple beams (or sequence of beams) indication of future time instances as output of the ML model at one shot. Moreover, legacy procedure applying beam prediction for multi-beams (possibly more than 2 beams per codepoint) is mostly suitable for large prediction window (e.g.,> 80ms) where the indication can be sent shortly (e.g., 10ms) before the beam validity time instance. However, if shorter prediction window size (e.g., 40ms) is applied, keep on changing indication from one TCI state to another one imposes a considerable overhead even though the entire predicted beams within the indication process comes from the same prediction procedure.
Observation 9. if DL Tx beam prediction is applied for BM-Case2, specification impact on the current TCI beam indication framework while BM-Case2 with the possibility of multiple beams indication is applied, should be discussed. 
Observation 10. if DL Tx beam prediction is applied for BM-Case2, changing indication from one TCI state to another one imposes a considerable overhead even though the entire predicted beams within the indication process come from the same prediction procedure specifically if a shorter prediction window size (e.g., 40ms) is applied, 

Proposal 26. RAN1 to support enhancements to the Rel-17 unified TCI state beam indication framework aiming at beam indication overhead reduction. 
· Support multi beams (sequence of beams)/ multi TCI states via single beam indication to minimize the signalling overhead. 

The following has been agreed in RAN1#113 on utilizing additional conditions associated with the model/functionality for UE-side model activation/switching functionalities:

	Agreement
· For the purpose of activation/selection/switching of UE-side models/UE-part of two-sided models /functionalities (if applicable), study necessity, feasibility and potential specification impact for methods to assess/monitor the applicability and expected performance of an inactive model/functionality, including the following examples:
· Assessment/Monitoring based on the additional conditions associated with the model/functionality
· Assessment/Monitoring based on input/output data distribution
· Assessment/Monitoring using the inactive model/functionality for monitoring purpose and measuring the inference accuracy
· Assessment/Monitoring based on past knowledge of the performance of the same model/functionality (e.g., based on other UEs)
· FFS: Requirements for the assessment/monitoring to be reliable (e.g., sufficient data coverage during evaluation)
· FFS: Additional aspects specific to the case where the inactive model has never been activated before, if any.





Functionality-based LCM operations has been identified in 3GPP as one of the potential solutions towards identifying and studying conditions to enable development of supported functionality/functionalities of a given use case (or sub-use case in case BM-Case1 and BM-Case2) ML enabled feature. In functionality-based LCM, knowing the UE conditions (including parameters/configurations) is required at the network as the first step as this shall reveal the background conditions when using ML models for supporting a given ML-enabled feature. An example of conditions for multiple functionalities associated with the BM-Case1 and BM-Case2 discussed above.
As functionality may refer to a configuration that comes after the UE-capability reporting, delay shall be considered in some form as a condition in the UE capability reporting, where the UE may report the maximum switching/activation delay tolerance (worse-case switching/activation delay) for all functionalities as the UE may not know the exact functionality configuration(s) coming from the network, and UE may report that to be the same delay for all possible functionalities (configurations). However, this method may not reveal actual delays requires for assessing/monitoring the applicability and expected performance of an inactive model/functionality (e.g., due to requirements of model download, delays of validating a model, delays of associated with other UE internal conditions, etc...) for the purpose of switching/activating a UE-sided functionality and may cause large delays when switching among functionalities. 

Observation 11. For the purpose of switching/activating a UE-sided functionality, reporting the worse-case switching/activation delay for any of the supported functionalities is not sufficient as the actual delays requires for switching from one functionality to another functionality or activation/deactivation delay of a functionality is not considered.
Proposal 27. For UE-sided BM-Case1, RAN1 to consider reporting of actual delays required for switching from one functionality to another functionality or activation/deactivation delay of a functionality for the purpose of switching/activating a UE-sided functionality-based LCM. 

Conclusion
In this contribution, we discuss details of ML for beam management use case and have the following proposals and observations, 

Observations 

Observation 1: For UE-sided BM-Case1 and BM-Case2, identifying additional conditions can still be implicitly handled by UE reporting applicable functionalities among the configured functionalities.

Observation 2: For UE-sided BM-Case1 and BM-Case2, with model identification (Type A or Type B), gNB and UE can identify additional conditions associated with a UE-sided model.  

Observation 3: For UE-sided BM-Case1 and BM-Case2, based on the latest agreement in RAN1 #113 meeting, it may be possible to use offline model identification (Type A) with reporting supported model-ID(s) in the UE-capability to identify additional conditions associated with a UE-sided model. 

Observation 4: For NW-sided DL beam pair prediction of BM-Case1, information about the Rx beam codebook needs to be coordinated with NW, either by indicating an ID corresponding to a shared dataset or information about the Rx beam ID at coarse quantized angles.

Observation 5. To distinguish predicted L1-RSRP from measured L1-RSRP when the UE-sided model is employed,
· If a reported beam belongs to Set B, NW knows it is a measured L1-RSRP, otherwise, NW knows it is a predicted L1-RSRP.

Observation 6. Information about NW physical properties, e.g., NW beam codebook ID, NW antenna configuration ID identifying some information about environment category or interpreting assistance information in the format of vendor specific ID (e.g., NW codebook ID) are not considered as assistance information targeting preserves privacy/proprietary information.  

Observation 7. Legacy quantized L1-RSRP measurements reporting for collecting data in NW-sided model case covers other aspects e.g., overhead reduction by means of reporting less data (e.g., lower number of reported beams) or compressing values based on the L1-RSRP sequences in time. However, the majority of reporting measured/quantized RSRPs (via applying legacy framework) can be still very close to the noise level (even with employing lower number of bits for quantization) in which leads to no major change on measurement reporting (due to reporting quantized L1-RSRPs with close to noise level values), non-useful measurement reporting for NW and eventually unnecessary overhead on measurement reporting.

Observation 8. Common understanding between NW and UE on Rx beam assumption for reported measurement result(s) for Tx-Rx beam pair prediction is required due to no explicit information about the Rx beam used to measure the Tx-Rx beam pairs that are communicated by the UE to the NW on one hand, and measurement inaccuracies on the reported data on the other hand.
Observation 9. if DL Tx beam prediction is applied for BM-Case2, specification impact on the current TCI beam indication framework while BM-Case2 with the possibility of multiple beams indication is applied, should be discussed. 
Observation 10. if DL Tx beam prediction is applied for BM-Case2, changing indication from one TCI state to another one imposes a considerable overhead even though the entire predicted beams within the indication process come from the same prediction procedure specifically if a shorter prediction window size (e.g., 40ms) is applied, 
Observation 11. For the purpose of switching/activating a UE-sided functionality, reporting the worse-case switching/activation delay for any of the supported functionalities is not sufficient as the actual delays requires for switching from one functionality to another functionality or activation/deactivation delay of a functionality is not considered.


Proposals 

Proposal 1. For UE-sided BM-Case1, RAN1 to support further details on conditions for functionalities, 
· Supported beam prediction mode (e.g., Top-1/2/4/8 DL Tx beam prediction)
· Set B conditions (e.g., Measured DL RS (SSB, CSI-RS), Measured DL RS set dimension (4, 8, 12, [16]), 	Measured DL RS set pattern)
· Set A conditions (e.g., Predicted DL RS set dimension (16, 32, 64))
· NW-sided performance monitoring conditions (e.g., support measurements of Predicted DL RS set (full Set A, partial Set A), Measurement periodicity (100 ms, 200 ms))
· Conditions on supporting ML functionalities (e.g., Max number of supported functionalities (1, 2, 4, 8,.), identical or different delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

Proposal 2. For UE-sided BM-Case2, RAN1 to support at least the following conditions for functionalities, 
· Supported beam prediction mode (e.g., Top-1/2/4/8 DL Tx beam prediction)
· Set B conditions (e.g., Measured DL RS (SSB, CSI-RS), Measured DL RS set dimension (4, 8, 12, [16]), 	Measured DL RS set pattern)
· Set A conditions (e.g., Predicted DL RS set – number of future instances (40ms, 80ms))
· NW-sided performance monitoring conditions (e.g., support measurements of Predicted DL RS set (full Set A, partial Set A), Measurement periodicity (100 ms, 200 ms))
· Conditions on supporting ML functionalities (e.g., Max number of supported functionalities (1, 2, 4, 8,.), identical or different delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

Proposal 3. For UE-sided BM-Case1 and BM-Case2, RAN1 to support the following optional conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection (including any related assistance information)
· Conditions for predicted L1-RSRP and other metrics
· For BM-Case 2, conditions for single TCI indication (single and multi beams) 

Proposal 4. For UE-sided BM-Case1 and BM-Case2, after functionality identification, support UE reporting applicable functionalities among the configured functionalities. 

Proposal 5. For UE-sided BM-Case1 and BM-Case2, for any functionality activated towards the UE, 
· The gNB shall be able to do the performance monitoring at the NW side. 
· Support Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A) 
· To support Alt. 1, a dedicated beam measurement and reporting configuration that enables measurement and reporting of full/partial Set A (associated with a given functionality) can be used. 

Proposal 6. For UE-sided BM-Case1 and BM-Case2, for any functionality activated towards the UE, 
· The gNB shall be able to configure a performance monitoring KPI (e.g., Top-K/1 beam accuracy), performance monitoring resources, threshold for monitoring KPI, and monitoring window to determine functionality performance/failures of the activated functionality. 
· Monitoring resources: Support Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A).  
· To enable reporting of the monitoring KPI, a dedicated beam measurement and reporting configuration that enables reporting of monitoring KPI can be used. 
· The UE shall consider the monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· Further consider additional aspects of functionality failure detection for an activated functionality.  
· For BM-Case2, further consider the reporting enhancements to report the KPIs based on overlapping portions of prediction and measurement windows and support methods of controlling the overlaps. 

Proposal 7. For UE-sided BM-Case1 and BM-Case2, when the UE supports more than one functionality, the gNB shall be able to de-activate/switch one of the functionalities via dynamic signaling (e.g., MAC-CE).  

Proposal 8. For UE-sided BM-Case1 and BM-Case2, related to the functionality/model identification and handling of additional conditions, RAN1 shall consider the following, 
· Functionality identification and functionality-LCM procedures are mandatory to support the beam prediction use case. 
· Additionally, any of the following method(s) can be used to handle additional conditions associated with the functionalities, 
· UE reporting applicable functionalities among the configured functionalities (also in Proposal 3). 
· Offline model identification and corresponding model-ID(s) reported in UE-capability (already agreed in AI 9.2.1)
· Further study on how to support online model identification. 

Proposal 9. For NW-sided BM-Case1, the following potential specification impact can be considered, 
· For model inference at the NW, enhancements to the CSI reporting such that the UE can be configured to report the measurement results of more than 4 beams and corresponding L1-RSRP in one beam reporting instance.
· For beam indication/activation towards the UE, enhancements to the CSI reporting to enable beam measurement and reporting of beams corresponding to the Top-K predicted beams.   
· For performance monitoring at the NW, enhancements to the CSI reporting may not be needed to enable full/partial Set A beam measurements.

Proposal 10. For NW-sided BM-Case2, the following potential specification impact can be considered, 
· For model inference at the NW, enhancements to the CSI reporting such that the UE can be configured to report the measurement results of more than 4 beams and corresponding L1-RSRP in one beam reporting instance
· For model inference at the NW, enhancements to the CSI measurement and reporting such that the UE can be configured to measure DL RS and report the measurement results for a T1 duration of time and deactivate the measurements/reporting for a T2 duration of time.  
· For beam indication/activation towards the UE, during T2 duration of time, enhancements to the CSI reporting to enable beam measurement and reporting of beams corresponding to the Top-K predicted beams.   
· For performance monitoring at the NW, enhancements to the CSI reporting may not be needed to enable full/partial Set A beam measurements.  

Proposal 11. For BM-Case1, consider the following, 
· For the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A.
· For beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 12. For BM-Case2, consider the following, 
· For the construction of Set A/B, prioritized “Set B and Set A are the same”.
· For the beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 13. For UE-sided BM-Case1 a with a UE-side AI/ML model, consider the potential specification impact of L1 signaling to report predicted L1-RSRP to the NW.  

Proposal 14. RAN1 to consider reporting confidence/probability information related to the output of AI/ML model inference (e.g., predicted beams). 

Proposal 15. RAN1 to consider overhead reduction on predicted beams by means of configuring variable value of N beams for predicted beams.

Proposal 16. Regarding data collection for BM-Case1 and BM-Case2 for UE-side model trained at UE side, RAN1 to consider the specification impact related to NW signalling an identifier of NW configuration and/or some characteristics of the L1-RSRP measurements associated with the current NW configuration (used by the NW for CSI-RS transmission) to help UE on categorizing data for data collection. 

Proposal 17. For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, consider methods to reduce the necessary measurement space for DL TX-RX beam pair prediction at the UE side.  

Proposal 18. For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, consider methods to indicate the necessary measurement space of preferred DL RS beam at the UE side.  

Proposal 19. On data collection for model training for BM-case1 and BM-case2, enhancements for having dedicated RS measurements or reporting framework are not considered for model training. 

Proposal 20. On data collection for model monitoring, Option 1 is supported. 
    •	Option 1: data collection initiated/triggered by configuration from NW

Proposal 21. For UE-sided BM-case1 and UE-sided BM-case2, for functionalities supported towards the UE, RAN1 shall consider the required CSI-RS measurement enhancements for data collection at the UE side.
· Allowing the measurements of Full or partial Set A (associated with a functionality) beam measurements with a longer periodicity than the Set B measurements can be considered.

Proposal 22. On selecting the content of data collection for NW side model performance monitoring, support both Opt1 and Opt3.

Proposal 23. For NW-sided data collection, RAN1 to consider unnecessary overhead on measurement reporting coming from quantized L1-RSRPs values very close to noise level. 
· Reduce the measured quantized reporting overhead 

Proposal 24. RAN1 to support the potential specification impact on the following aspect.
· Mechanism to ensure the common understanding between NW and UE on Rx beam assumption for reported measurement result(s) 

Proposal 25. For NW-sided BM-case1/2, discuss signaling of configuring UE for data recording and reporting for beam measurements of Set B/A corresponding to the failure instances of the NW-sided model. 

Proposal 26. RAN1 to support enhancements to the Rel-17 unified TCI state beam indication framework aiming at beam indication overhead reduction. 
· Support multi beams (sequence of beams)/ multi TCI states via single beam indication to minimize the signalling overhead. 

Proposal 27. For UE-sided BM-Case1, RAN1 to consider reporting of actual delays required for switching from one functionality to another functionality or activation/deactivation delay of a functionality for the purpose of switching/activating a UE-sided functionality-based LCM. 
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