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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 #112 AI 9.2.1, the following was agreed upon and defines the basic framework for the 3GPP framework for AI/ML.  
	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 our contribution for agenda item 9.2.1, the next level of details for specification impacts shall consider functionality-based LCM. In the next sub-sections, we explain how the BM-Case1 and BM-Case2 can be handled with functionality-based LCM. 
BM-Case1: Functionality-based LCM
Applicable conditions 
In RAN WG#1 #112, the following was discussed in the FL summary for applicable conditions. 
	[FL4] Proposal 5-8i:
At least for UE-side models and UE-part of two-sided models, RAN1 to study
· How to define and study a (set of) applicable conditions for functionalities/[models].
· Note: Applicable conditions may be used to enable development of scenario/configuration/[site]-specific models [and, if needed, report the models’ applicability to the Network].
· Whether and how to define performance targets (possibly as a part of applicable conditions) for functionality/[models]
· Whether and how UE reports a (set of) applicable conditions for supported functionalities (and if needed, for supported models) and/or supported set of functionalities.




As the FL proposal mentions, for UE-sided models, RAN1 shall first identify the applicable conditions for supported functionality/functionalities of a given sub-use case (ML-enabled feature). In functionality identification and functionality-based LCM, knowing the UE conditions (including parameters/configurations) is required at the network as the first step before any other, as this shall reveal the background conditions when using ML models for supporting a given ML-enabled feature. 
[bookmark: _Ref131677402]Proposal 1. For UE-sided BM-Case1, RAN1 shall define applicable conditions for functionalities to enable functionality-based LCM. 

We expect BM-Case1 to consider the following set of applicable 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 (2 ms, 4 ms,  .)
· Indicates the delay 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-Case1, RAN1 to support at least the following applicable 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,.), Delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

There may be other related applicable conditions that are also useful to discuss in the upcoming meetings and some of these possibilities are still under discussion. For example, RAN1 made 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, RAN1 to study the following additional applicable conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection 
· Conditions for predicted L1-RSRP and other metrics
· Conditions for assistance info required at the UE

UE-capability reporting 
RAN WG#1 #112 [2] agreed that the UE capability reporting is a starting point for functionality identification. As discussed earlier, the applicable conditions are more similar to UE feature group (FG) components in the legacy UE capability reporting framework. Therefore, appliable condition reporting shall assume UE capability reporting as the baseline. 

When considering the reporting of applicable conditions only via UE capability reporting, the listed components associated with the applicable conditions for functionalities of BM-Case1 are reported by the UE capability signaling with the candidate values defined by the specification for FG components. Some components may be defined as basic components and others may define as optional components. 

There may be other variants for applicable condition reporting. One other option could be the reporting of basic applicable conditions via UE capability reporting and additional applicable conditions via a separate reporting method. However, it is not fully clear yet a need of such an approach for BM-Case1. 

Proposal 4. For UE-sided BM-Case1, the UE reports applicable conditions for functionalities using UE capability reporting. 
	
Functionality configuration
The main purpose of defining applicable conditions and reporting applicable conditions to the network is to configure the UE with one or more functionality to operate/control UE-sided BM-Case1. We expect the following alternatives to consider in creating/configuring the functionalities. 
· Alt 1: NW-created/configured functionalities based on reported applicable conditions
· Functionalities (one or more) are created as the network prefers (similar to any other RRC configurations in NR) based on a combination of appliable conditions (e.g., configuration parameter combinations). Each functionality may refer 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 report that the generalization condition 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. 

· Alt 2: UE-reported functionalities 
· The UE may directly report one or multiple functionalities that it supports where each functionality may correspond to a combination of appliable conditions (at least the parameter combinations). 
· This is more like UE-created functionality reporting. 
· To support this via UE-capability reporting, we need to consider applicable parameter combination set reporting (e.g., a combination may contain parameters for input/output/and many other conditions) but legacy UE capability reporting has to adjust to fit such framework. 

· Alt 3: NW-configured and UE-confirmed functionalities
· This may be a combination of Alt 1 and Alt 2, where Alt 1 is considered first. Later the UE can indicate preferred functionalities (dynamic or semi-static) without using UE-capability reporting to allow functionality switching/activation/etc.

We think that Alt.1 makes more sense as it is up to the network to configure a UE with suitable parameters and decide when to use the ML-enabled feature with the scenario/site/set-up that is preferred also by the NW. Here, NW shall consider the applicable conditions reported by the UE when configuring the UE with one more functionality.  
Proposal 5. For UE-sided BM-Case1, the gNB creates/configures one or more functionalities to the UE with each functionality referring to an RRC configuration that contains gNB-selected appliable conditions (according to the UE capability).  


Performance monitoring
	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



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. 

Proposal 6. For UE-sided BM-Case1, for any functionality configured towards the UE, the gNB shall be able to consider the performance monitoring at the NW side. 
· 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 to enable performance monitoring at the NW side. 

In some cases, the gNB may prefer some monitoring KPI reporting from the UE side such that performance of the functionality from the UE perspective can be obtained at the gNB side. This is somewhat well discussed before in RAN1 and some metrics are further provided 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. 

Proposal 7. For UE-sided BM-Case1, for any functionality activated towards the UE, the gNB shall be able to configure the performance monitoring at the UE side. 
· 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 to enable performance monitoring at the UE side. 
· The UE may consider a performance monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· further study the framework of functionality failures detection for an activated functionality  
· further study the reporting framework for functionality failures.  


Functionality selection/activation/switching/de-activation
As discussed in previous sub-sections, the functionalities are configured by the network based on the reported applicable 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 8. For UE-sided BM-Case1, 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).   

BM-Case2: Functionality-based LCM
Applicable conditions 
According to FL proposal discussed in Section 2.1.1, for UE-sided models, similar to BM-Case1, RAN1 shall first identify the applicable conditions for supported functionality/functionalities of a given sub-use case (ML-enabled feature) for BM-Case2 as well. In functionality identification and functionality-based LCM, knowing the UE conditions (including parameters/configurations) is required at the network as the first step before any other, as this shall reveal the background conditions when using ML models for supporting a given ML-enabled feature. 
Proposal 9. For UE-sided BM-Case2, RAN1 shall define applicable conditions for functionalities to enable functionality-based LCM. 

We expect BM-Case2 to consider the following set of applicable 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 (2 ms, 4 ms,  .)
· Indicates the delay 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 10. For UE-sided BM-Case2, RAN1 to support at least the following applicable 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,.), Delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

There may be other related applicable conditions that are also useful to discuss in the upcoming meetings and some of these possibilities are still under discussion. For example, RAN1 made 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 11. For UE-sided BM-Case2, RAN1 to study the following additional applicable conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection 
· Conditions for predicted L1-RSRP and other metrics
· Conditions for assistance info required at the UE

UE-capability reporting 
Similar to BM-Case1, UE capability reporting can be a starting point for BM-Case2 functionality identification. As such, considering the reporting of applicable conditions only via UE capability reporting, the listed components associated with the applicable conditions for functionalities of BM-Case2 are reported by the UE capability signaling with the candidate values defined by the specification for FG components. Some components may be defined as basic components and others may define as optional components. 

Although there could be the reporting of basic applicable conditions via UE capability reporting and additional applicable conditions via a separate reporting method, it is not fully clear yet a need for such an approach for BM-Case2. 

Proposal 12. For UE-sided BM-Case2, the UE reports applicable conditions for functionalities using UE capability reporting. 
	
Functionality configuration
The main purpose of defining applicable conditions and reporting applicable conditions to the network is to configure the UE with one or more functionalities to operate/control UE-sided BM-Case2. We expect similar alternatives as in Section 2.1.3. 
Proposal 13. For UE-sided BM-Case2, the gNB creates/configures one or more functionalities to the UE with each functionality referring to an RRC configuration that contains gNB-selected appliable conditions (according to the UE capability).  

Performance monitoring
As discussed in Section 2.1.4, in RAN1 #112, the performance monitoring is listed as NW-sided and UE-side performance monitoring. For BM-Case2, it is reasonable to assume both performance monitoring approaches if UE-sided models are employed. but the functionality level performance monitoring shall always be handled and decided by the NW for BM-Case2 as well. 

Proposal 14. For UE-sided BM-Case2, for any functionality configured towards the UE, the gNB shall be able to consider the performance monitoring at the NW side. 
· A dedicated beam measurement and reporting configuration that enables measurement and reporting of full/partial Set A (associated with a given functionality) can enable performance monitoring at the NW side. 

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 in BM-Case2. 

Proposal 15. For UE-sided BM-Case2, for any functionality activated towards the UE, the gNB shall be able to configure the performance monitoring at the UE side. 
· 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 to enable performance monitoring at the UE side. 
· The UE may consider a performance monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· further study the framework of functionality failures detection for an activated functionality  
· further study the reporting framework for functionality failures.  

Functionality selection/activation/switching/de-activation
As discussed in Section 2.1.3 for BM-Case1, the functionalities for BM-Case2 are also configured by the network based on the reported applicable 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 and performance monitoring is mainly applicable to the selected/activated functionality in which based on the poor performance levels, the network shall have the capability for deactivating or switching functionality.

Proposal 16. For UE-sided BM-Case2, when the UE supports more than one functionality, the gNB shall be able to select/activate one of the functionalities via dynamic signaling (e.g., MAC-CE).   


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, applicable 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 17. 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, study whether enhancements to the CSI reporting are 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 18. 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, study whether enhancements to the CSI reporting are needed to enable full/partial Set A beam measurements.  


[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 [1-2], 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. 

Proposal 19. For BM-Case1, considering the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A.

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 20. For NW-sided BM-Case1, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 21. For UE-sided BM-Case1, considering beam types of Set A/B, support Alt.1: DL Tx beam prediction and Alt.3: Beam pair prediction. 

For Alt. 3 (Beam pair prediction), if we start 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 study.  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 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.  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.  The UE would measure the L1 RSRP for the resulting combinations which would be the input to the AI/ML model.  

Proposal 22. For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, study methods to reduce the necessary measurement space for DL TX-RX beam pair prediction at the UE side.  
· Study the enhancements related to the applicable conditions where UE indicates a number of preferred TX beams along with a number of “P3” repetitions that are needed for each preferred TX beam, in which case the UE can acquire L1-RSRP measurements of the indicated combinations as inputs to the UE-sided AI/ML model.

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.

Proposal 23. For BM-Case2, considering the construction of Set A/B, prioritized “Set B and Set A are the same”.

Similar to section 4.1, 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 24. For NW-sided BM-Case2, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 25. For UE-sided BM-Case2, considering beam types of Set A/B, support Alt.1: DL Tx beam prediction and Alt.3: Beam pair prediction. 

Assistance info
In RAN1#109, the following conclusion was made on the applicability of assistance information on sub use case BM-Case1:
	Conclusion
Regarding the sub use case BM-Case1, further study the following alternatives for AI/ML input:
· Alt.1: Only L1-RSRP measurement based on Set B
· Alt.2: L1-RSRP measurement based on Set B and assistance information
· FFS: Assistance information. The following were mentioned by companions in the discussion:  Tx and/or Rx beam shape information (e.g., Tx and/or Rx beam pattern, Tx and/or Rx beam boresight direction (azimuth and elevation), 3dB beamwidth, etc.), expected Tx and/or Rx beam for the prediction (e.g., expected Tx and/or Rx angle, Tx and/or Rx beam ID for the prediction), UE position information, UE direction information, Tx beam usage information, UE orientation information, etc.
· Note: The provision of assistance information may be infeasible due to the concern of disclosing proprietary information to the other side.
· Alt.3: CIR based on Set B
· Alt.4: L1-RSRP measurement based on Set B and the corresponding DL Tx and/or Rx beam ID
· Note1: It is up to companies to provide other alternative(s) including the combination of some alternatives
· Note2: All the inputs are “nominal” and only for discussion purpose.




Overall, we understand that it is the consensus that the Set B L1-RSRP measurements are needed. 

For the NW side model with DL TX beam prediction, we understand that the Alt.1 – Set B L1-RSRP measurements are sufficient because NW can train models based on whatever Set A /B configurations and DL Tx antenna structures, and the Set A/B configuration and model selection are transparent to UE. Also, RAN1 #112 concluded the following, 

	Conclusion
Regarding the explicit assistance information from UE to network for NW-side AI/ML model, RAN1 has no consensus to support the following information
· UE location
· UE moving direction
· UE Rx beam shape/direction



For the UE side model with DL Tx beam or Tx-Rx beam pair prediction, the ML model may benefit from the use of this extra information, but RAN1 #112 concluded the following, 

	Conclusion
Regarding the explicit assistance information from network to UE for UE-side AI/ML model, RAN1 has no consensus to support the following information
· NW-side beam shape information
· E.g., 3dB beamwidth, beam boresight directions, beam shape, Tx beam angle, etc.
· Note: Other information (e.g., relative information) of Tx beam(s) preserving sensitive proprietary information is a separate discussion 
· e.g., some information following the same principle of Rel-17 positioning agreement



We do not think further discussion is needed on any assistance info at the input of the model to the UE or gNB. 

Proposal 26. For BM-Case1 and BM-Case2, assistance info considered at the input of the model may not be supported via the 3GPP signalling. 

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 27. For UE-sided BM-Case1 a with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report Predicted L1-RSRP to the NW,  
•	 RAN1 may further investigate additional applicable conditions for L1-RSRP reporting.

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


Data collection 
In RAN1#112, the following agreement was proposed on training data collection by the FL but was not agreed[3]:

	Proposal 3.2.2: Regarding the training data collection mechanism for NW-side AI/ML model training trained at NW side, study necessity and beam-management-specific potential specification impact (if necessary) from the following additional aspects 
· Signaling type Mechanism of the reporting, e.g., RRC signaling, L1 signaling, user plane, control plane
· Information of timestamp corresponding to the reported data samples, e.g., timestamps, [UE speed], SNR, etc.
· Signaling and/or condition(s) to trigger/stop data logging (including buffering) and/or reporting
· Signaling and/or condition(s) for trigger/stop reporting
· Quantization of the measurement results (e.g., L1-RSRP)
· Reporting overhead reduction
· Note: non-3GPP based solution is a separate issue. 





For the NW-side or UE-side beam prediction, we assume data collection for model training, validation, and/or testing shall be carried out in an offline manner than implementing an over-the-air framework to support data collection for model training. 

Proposal 29. For BM-case1 and BM-case2, dedicated RS measurements or reporting framework is not considered for model training. 
· Note: It is up to the implementation to handle model training 

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. 

	Agreement
Regarding the data collection for AI/ML model training at UE side, study the potential specification impact considering the following additional aspects.
· Whether and how to initiate data collection 
· Configurations, e.g., configuration related to set A and/or Set B, information on association/mapping of Set A and Set B
· Assistance information from Network to UE (If supported)
· Other aspect(s) is not precluded

Agreement
Regarding NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, study the necessity and the potential specification impacts from the following aspects:
·  UE reporting of beam measurement(s) based on a set of beams indicated by gNB 
· Signaling, e.g., RRC-based, L1-based
· Note: Performance and UE complexity, power consumption should be considered





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 30. For UE-sided BM-case1 and UE-sided BM-case2, for functionalities supported towards the UE, RAN1 shall study 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.

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. 

Proposal 31. For NW-sided BM-case1 and UE-sided BM-case2, RAN1 shall support the CSI reporting enhancement of reporting more than 4 beams and associated L1-RSRP in a beam report to enable data collection at the NW side. 

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 32. 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. 


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

Observation 1. 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.

Proposal 1. For UE-sided BM-Case1, RAN1 shall define applicable conditions for functionalities to enable functionality-based LCM. 

Proposal 2. For UE-sided BM-Case1, RAN1 to support at least the following applicable 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,.), Delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no)).

Proposal 3. For UE-sided BM-Case1, RAN1 to study the following additional applicable conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection 
· Conditions for predicted L1-RSRP and other metrics
· Conditions for assistance info required at the UE

Proposal 4. For UE-sided BM-Case1, the UE reports applicable conditions for functionalities using UE capability reporting. 

Proposal 5. For UE-sided BM-Case1, the gNB creates/configures one or more functionalities to the UE with each functionality referring to an RRC configuration that contains gNB-selected appliable conditions (according to the UE capability).  

Proposal 6. For UE-sided BM-Case1, for any functionality configured towards the UE, the gNB shall be able to consider the performance monitoring at the NW side. 
· 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 to enable performance monitoring at the NW side. 

Proposal 7. For UE-sided BM-Case1, for any functionality activated towards the UE, the gNB shall be able to configure the performance monitoring at the UE side. 
· 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 to enable performance monitoring at the UE side. 
· The UE may consider a performance monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· further study the framework of functionality failures detection for an activated functionality  
· further study the reporting framework for functionality failures.  

Proposal 8: For UE-sided BM-Case1, 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 9. For UE-sided BM-Case2, RAN1 shall define applicable conditions for functionalities to enable functionality-based LCM. 

Proposal 10. For UE-sided BM-Case2, RAN1 to support at least the following applicable 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,.), Delay on activating a functionality (2 ms, 4 ms), Generalization condition of functionalities (yes, no))

Proposal 11. For UE-sided BM-Case2, RAN1 to study the following additional applicable conditions for functionalities,  
· Conditions for UE-sided performance monitoring 
· Conditions for data collection 
· Conditions for predicted L1-RSRP and other metrics
· Conditions for assistance info required at the UE

Proposal 12. For UE-sided BM-Case2, the UE reports applicable conditions for functionalities using UE capability reporting. 

Proposal 13. For UE-sided BM-Case2, the gNB creates/configures one or more functionalities to the UE with each functionality referring to an RRC configuration that contains gNB-selected appliable conditions (according to the UE capability).  

Proposal 14. For UE-sided BM-Case2, for any functionality configured towards the UE, the gNB shall be able to consider the performance monitoring at the NW side. 
· A dedicated beam measurement and reporting configuration that enables measurement and reporting of full/partial Set A (associated with a given functionality) can enable performance monitoring at the NW side. 

Proposal 15. For UE-sided BM-Case2, for any functionality activated towards the UE, the gNB shall be able to configure the performance monitoring at the UE side. 
· 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 to enable performance monitoring at the UE side. 
· The UE may consider a performance monitoring KPI (Top-K/1 beam accuracy) with gNB configured threshold to determine functionality failures of the activated functionality. 
· further study the framework of functionality failures detection for an activated functionality  
· further study the reporting framework for functionality failures.  

Proposal 16. For UE-sided BM-Case2, when the UE supports more than one functionality, the gNB shall be able to select/activate one of the functionalities via dynamic signaling (e.g., MAC-CE).  
 
Proposal 17. 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, study whether enhancements to the CSI reporting are needed to enable full/partial Set A beam measurements.

Proposal 18. 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, study whether enhancements to the CSI reporting are needed to enable full/partial Set A beam measurements.  

Proposal 19. For BM-Case1, considering the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A.

Proposal 20.For NW-sided BM-Case1, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 21. For UE-sided BM-Case1, considering beam types of Set A/B, support Alt.1: DL Tx beam prediction and Alt.3: Beam pair prediction. 

Proposal 22.For UE-sided BM-Case1 with DL Tx-Rx beam pair prediction, study methods to reduce the necessary measurement space for DL TX-RX beam pair prediction at the UE side.  
· Study the enhancements related to the applicable conditions where UE indicates a number of preferred TX beams along with a number of “P3” repetitions that are needed for each preferred TX beam, in which case the UE can acquire L1-RSRP measurements of the indicated combinations as inputs to the UE-sided AI/ML model.

Proposal 23. For BM-Case2, considering the construction of Set A/B, prioritized “Set B and Set A are the same”.

Proposal 24.For NW-sided BM-Case2, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction. 

Proposal 25. For UE-sided BM-Case2, considering beam types of Set A/B, support Alt.1: DL Tx beam prediction and Alt.3: Beam pair prediction. 
Proposal 26.For BM-Case1 and BM-Case2, assistance info considered at the input of the model may not be supported via the 3GPP signalling. 

Proposal 27. For UE-sided BM-Case1 a with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report Predicted L1-RSRP to the NW,  
•	 RAN1 may further investigate additional applicable conditions for L1-RSRP reporting.

Proposal 28. RAN1 to consider reporting of confidence/probability information related to the output of AI/ML model inference (e.g., predicted beams). 

Proposal 29. For BM-case1 and BM-case2, dedicated RS measurements or reporting framework is not considered for model training. 
· Note: It is up to the implementation to handle model training 

Proposal 30. For UE-sided BM-case1 and UE-sided BM-case2, for functionalities supported towards the UE, RAN1 shall study 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 31. For NW-sided BM-case1 and UE-sided BM-case2, RAN1 shall support the CSI reporting enhancement of reporting more than 4 beams and associated L1-RSRP in a beam report to enable data collection at the NW side. 

Proposal 32. 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.
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Annex	
Agreement
For AI/ML-based beam management, support BM-Case1 and BM-Case2 for characterization and baseline performance evaluations
· BM-Case1: Spatial-domain DL beam prediction for Set A of beams based on measurement results of Set B of beams
· BM-Case2: Temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams
· FFS: details of BM-Case1 and BM-Case2
· FFS: other sub use cases
Note: For BM-Case1 and BM-Case2, Beams in Set A and Set B can be in the same Frequency Range

Agreement
Regarding the sub use case BM-Case2, the measurement results of K (K>=1) latest measurement instances are used for AI/ML model input:
· The value of K is up to companies

Agreement 
Regarding the sub use case BM-Case2, AI/ML model output should be F predictions for F future time instances, where each prediction is for each time instance. 
· At least F = 1
· The other value(s) of F is up to companies

Agreement 
For the sub use case BM-Case1, consider both Alt.1 and Alt.2 for further study:
· Alt.1: AI/ML inference at NW side
· Alt.2: AI/ML inference at UE side

Agreement 
For the sub use case BM-Case2, consider both Alt.1 and Alt.2 for further study:
· Alt.1: AI/ML inference at NW side
· Alt.2: AI/ML inference at UE side

Conclusion: 
For the sub use case BM-Case1, consider the following alternatives for further study:
· Alt.1: Set B is a subset of Set A
o   FFS: the number of beams in Set A and B
o   FFS: how to determine Set B out of the beams in Set A (e.g., fixed pattern, random pattern, …)
· Alt.2: Set A and Set B are different (e.g., Set A consists of narrow beams and Set B consists of wide beams)
o   FFS: the number of beams in Set A and B
o   FFS: QCL relation between beams in Set A and beams in Set B
o   FFS: construction of Set B (e.g., regular pre-defined codebook, codebook other than regular pre-defined one)
· Note1: Set A is for DL beam prediction and Set B is for DL beam measurement.
· Note2: The narrow and wide beam terminology is for SI discussion only and have no specification impact
· Note3: The codebook constructions of Set A and Set B can be clarified by the companies.

Conclusion 
Regarding the sub use case BM-Case1, further study the following alternatives for AI/ML input:
· Alt.1: Only L1-RSRP measurement based on Set B
· Alt.2: L1-RSRP measurement based on Set B and assistance information
· FFS: Assistance information. The following were mentioned by companions in the discussion:  Tx and/or Rx beam shape information (e.g., Tx and/or Rx beam pattern, Tx and/or Rx beam boresight direction (azimuth and elevation), 3dB beamwidth, etc.), expected Tx and/or Rx beam for the prediction (e.g., expected Tx and/or Rx angle, Tx and/or Rx beam ID for the prediction), UE position information, UE direction information, Tx beam usage information, UE orientation information, etc.
·  Note: The provision of assistance information may be infeasible due to the concern of disclosing proprietary information to the other side.
· Alt.3: CIR based on Set B
· Alt.4: L1-RSRP measurement based on Set B and the corresponding DL Tx and/or Rx beam ID
· Note1: It is up to companies to provide other alternative(s) including the combination of some alternatives
· Note2: All the inputs are “nominal” and only for discussion purpose.

Conclusion
For the sub use case BM-Case2, further study the following alternatives with potential down-selection:
· Alt.1: Set A and Set B are different (e.g., Set A consists of narrow beams and Set B consists of wide beams)
· FFS: QCL relation between beams in Set A and beams in Set B
· Alt.2: Set B is a subset of Set A (Set A and Set B are not the same)
· FFS: how to determine Set B out of the beams in Set A (e.g., fixed pattern, random pattern, …)
· Alt.3: Set A and Set B are the same
· Note1: Predicted beam(s) are selected from Set A and measured beams used as input are selected from Set B.
· Note2: It is up to companies to provide other alternative(s)
· Note3: The narrow and wide beam terminology is for SI discussion only and have no specification impact

Conclusion 
Regarding the sub use case BM-Case2, further study the following alternatives of measurement results for AI/ML input (for each past measurement instance):
· Alt.1: Only L1-RSRP measurement based on Set B
· Alt 2: L1-RSRP measurement based on Set B and assistance information
· FFS: Assistance information. The following were mentioned by companies in the discussion:, Tx and/or Rx beam angle, position information, UE direction information, positioning-related measurement (such as Multi-RTT), expected Tx and/or Rx beam/occasion for the prediction (e.g., expected Tx and/or Rx beam angle for the prediction, expected occasions of the prediction), Tx and/or Rx  beam shape information (e.g., Tx and/or Rx beam pattern, Tx and/or Rx beam pointing angles beam boresight directions (azimuth and elevation), 3dB beamwidth, etc.) , increase ratio of L1-RSRP for best N beams, UE orientation information
· Note: The provision of assistance information may be infeasible due to the concern of disclosing proprietary information to the other side.
· Alt.3: L1-RSRP measurement based on Set B and the corresponding DL Tx and/or Rx beam ID
· Note1: It is up to companies to provide other alternative(s) including the combination of some alternatives
· Note2: All the inputs are “nominal” and only for discussion purpose.

Agreement 
For the sub use case BM-Case1, support the following alternatives for further study:
· 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
· Note1: Set A is for DL beam prediction and Set B is for DL beam measurement.
· Note2: The beam patterns of Set A and Set B can be clarified by the companies.

[bookmark: _Hlk115180985]Agreement
For the data collection for AI/ML model training (if supported), study the following aspects as a starting point for potential necessary specification impact:
· Signaling/configuration/measurement/report for data collection, e.g., signaling aspects related to assistance information (if supported), Reference signals
· Content/type of the collected data
· Other aspect(s) is not precluded

Agreement 
At least for the sub use case BM-Case1 and BM-Case2, support both Alt.1 and Alt.2 for the study of AI/ML model training:
· Alt.1: AI/ML model training at NW side.
· Alt.2: AI/ML model training at UE side.
Note: Whether it is online or offline training is a separate discussion.

Agreement 
For the sub use case BM-Case1 and BM-Case2, further study the following alternatives for the predicted beams:
· 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)
· Note1: DL Rx beam prediction may or may not have spec impact


Agreement
For the sub use case BM-Case2, further study the following alternatives:
· 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
· Note1: The beam pattern of Set A and Set B can be clarified by the companies.

Agreement
Regarding the model monitoring for BM-Case1 and BM-Case2, to investigate specification impacts from the following aspects
· Performance metric(s)
· Benchmark/reference for the performance comparison
· Signaling/configuration/measurement/report for model monitoring, e.g., signaling aspects related to assistance information (if supported), Reference signals
· Other aspect(s) is not precluded


Agreement 
In order to facilitate the AI/ML model inference, study the following aspects as a starting point:
· Enhanced or new configurations/UE reporting/UE measurement, e.g., Enhanced or new beam measurement and/or beam reporting
· Enhanced or new signaling for measurement configuration/triggering
· Signaling of assistance information (if applicable)
· Other aspect(s) is not precluded

Agreement
Regarding the sub use case BM-Case1 and BM-Case2, study the following alternatives for AI/ML output:
· Alt.1: Tx and/or Rx Beam ID(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.2: Tx and/or Rx Beam ID(s) of the N predicted DL Tx and/or Rx beams and other information
· FFS: other information (e.g., probability for the beam to be the best beam, the associated confidence, beam application time/dwelling time, Predicted Beam failure) 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.3: Tx and/or Rx Beam angle(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams
· E.g., N predicted beams can be the top-N predicted beams
· FFS: details of Beam angle(s)
· FFS: how to select the N DL Tx and/or Rx beams (e.g., L1-RSRP higher than a threshold, a sum probability of being the best beams higher than a threshold, RSRP corresponding to the expected Tx and/or Rx beam direction(s))
· Note1: It is up to companies to provide other alternative(s) 
· Note2: Beam ID is only used for discussion purpose
· Note3: All the outputs are “nominal” and only for discussion purpose
· Note4: Values of N is up to each company. 
· Note5: All of the outputs in the above alternatives may vary based on whether the AI/ML model inference is at UE side or gNB side.
· Note 6: The Top-N beam IDs might have been derived via post-processing of the ML-model output

Conclusion 
For AI/ML based beam management, RAN1 has no consensus to support on studying any other sub use case in addition to BM-Case1 and BM-Case2
Note: this conclusion is independent of the discussion on the alternatives of AI/ML model inputs for BM-Case1 and BM-Case2

Conclusion 
For the sub use case BM-Case1 and BM-Case2, Set B is a set of beams whose measurements are taken as inputs of the AI/ML model


Agreement
For BM-Case1 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report the following information of AI/ML model inference to NW 
· The beam(s) that is based on the output of AI/ML model inference
· FFS: Predicted L1-RSRP corresponding to the beam(s)
· FFS: other information

Agreement
For BM-Case2 with a UE-side AI/ML model, study the potential specification impact   of L1 signaling to report the following information of AI/ML model inference to NW
· The beam(s) of N future time instance(s) that is based on the output of AI/ML model inference
· FFS: value of N
· FFS: Predicted L1-RSRP corresponding to the beam(s)
· Information about the timestamp corresponding the reported beam(s)
· FFS: explicit or implicit
· FFS: other information

Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the following alternatives for model monitoring with potential down-selection: 
· Atl1. UE-side Model monitoring
· UE monitors the performance metric(s) 
· UE makes decision(s) of model selection/activation/ deactivation/switching/fallback operation
· Atl2. NW-side Model monitoring
· NW monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation
· Alt3. Hybrid model monitoring
· UE monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation


Working Assumption
For BM-Case1 and BM-Case2 with a network-side AI/ML model, study the following L1 beam 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.

Agreement
For the sub use case BM-Case1 and BM-Case2, at least support Alt.1 and Alt.2 for AI/ML model training and inference for further study:
· Alt.1. AI/ML model training and inference at NW side
· Alt.2. AI/ML model training and inference at UE side
· The discussion on Alt.3 for BM-Case1 and BM-Case2 is dependent on the conclusion/agreement of Agenda item 9.2.1 of RAN1 and/or RAN2 on whether to support model transfer for UE-side AI/ML model or not
· Alt.3. AI/ML model training at NW side, AI/ML model inference at UE side

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
Regarding the data collection for AI/ML model training at UE side, study the potential specification impact considering the following additional aspects.
· Whether and how to initiate data collection 
· Configurations, e.g., configuration related to set A and/or Set B, information on association/mapping of Set A and Set B
· Assistance information from Network to UE (If supported)
· Other aspect(s) is not precluded



Agreement
Regarding NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, study the necessity and the potential specification impacts from the following aspects:
·  UE reporting of beam measurement(s) based on a set of beams indicated by gNB 
· Signaling, e.g., RRC-based, L1-based
· Note: Performance and UE complexity, power consumption should be considered

Conclusion
For the sub use case BM-Case1 and BM-Case2, “Alt.2: DL Rx beam prediction” is deprioritized.

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

Conclusion
Regarding the explicit assistance information from UE to network for NW-side AI/ML model, RAN1 has no consensus to support the following information
· UE location
· UE moving direction
· UE Rx beam shape/direction


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).

Conclusion
Regarding the explicit assistance information from network to UE for UE-side AI/ML model, RAN1 has no consensus to support the following information
· NW-side beam shape information
· E.g., 3dB beamwidth, beam boresight directions, beam shape, Tx beam angle, etc.
· Note: Other information (e.g., relative information) of Tx beam(s) preserving sensitive proprietary information is a separate discussion 
· e.g., some information following the same principle of Rel-17 positioning agreement

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 indictation/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

