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Introduction
RAN1 #110-bis-e meeting made the following agreements related to BM-Case1 and BM-Case2, in addition to the earlier agreements (all 9.2.3.2 agreements are copied in Annex), and further require additional discussions on all remaining aspects. 

	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



In this contribution, we further discuss  the details of BM-Case1 and BM-Case2, and the corresponding potential specification impact. 
[bookmark: _Ref110848136]Construction of Set A/B
BM-Case1: Spatial Domain Beam Prediction
AI/ML-based beam prediction involves predicting the best beam(s) or predicting the ranking or other quantities (i.e. RSRP(s)) of all beams based on a limited set of measurements. For spatial domain prediction, a limited set of TX beams, RX beams, or TX-RX beam pairs are measured by the UE, and the best beam or beam pair for the UE is determined based on that limited set of measured beams. In spatial domain beam prediction, the limited set (or reduced set) of measurements generally includes beam measurements that do not contain any historical information and therefore do not enable any tracking of the time dimension of the channel. 
	
RAN1 made the following agreements related to Set A and Set B, and further discussions on these may be needed to limit the scope of the study. 

	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.

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




Relationship between Set A & Set B
As mentioned in the abovementioned RAN1 agreement, two main alternatives discuss the relationship between Set A and Set B. Figure 1 shows a basic example of Set B as a subset of Set A (Alt.2: Set B is a subset of Set A).  

Figure 1 shows a basic example of Set B is different from Set A (Alt.1: Set A and Set B are different (Set B is NOT a subset of Set A)), where a wide beam codebook (one color represents one wide beam and different color represents different wide beams) is used for measurement set B and predicting the best beam ID/RSRP in refined beam codebook Set A is applied. Figure 1 further assumes that the wide beam codebook such that each wide beam cover a continuous azimuth and elevation angular region, denoted as “continuous” wide beam codebook. However, using the continuous wide beam design may not be able to provide sufficient refined beam prediction accuracy to support a comparable or better system throughput as the non-ML baseline does. The simulation results are shown in [1-2].

[image: ]Observation 1: The regular “continuous” wide beam design (i.e., adjacent narrow beams associated to the same wide beam) may not be sufficient to implement a narrow beam prediction with good performance. Figure 1: For Alt.1 Set B is different from Set A, the same color solid squares in the model input, represent a wide beam in Set B. For Alt.2 Set B is a sub-set of Set A., blue solid squares in model input are the subset of measured beams as Set B. All the squares are Set A and orange solid square is the predicted best beam in 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 1: For BM-Case1, considering the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A for further studies.
· RAN1 may consider Alt1: Set A and Set B are different (Set B is NOT a subset of Set A) as an additional scenario if the benefits are identified in 9.3.2.1.  

[bookmark: _Ref115181797]DL Tx, DL Rx, vs Beam-pair Prediction
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. Compared to DL Tx beam predictions, if a trained model is used for DL Tx-Rx beam pair prediction and the trained model is coupled with a particular UE’s beam pattern layout from all UE panels, it is very unlikely that a NW-based ML model training and inference can be applied since the NW cannot control how the UE selects its Rx beams. On the other hand, if the UE applies such beam pair prediction, the relevance for RAN1 studies is also a question as such an approach may be mostly an implementation option. 

Observation 2: For DL Tx-Rx beam prediction in the NW side, Set B will be unknown to NW as NW most likely cannot directly control the UE Rx beam selection.

[image: ]Figure 2 Set B Tx-Rx beam pair RSRP input, Set A best Tx-Rx beam pair ID/RSRP output. The 64 small squares are beam pairs in Set A, the 16 blue solid squares are the measured beam pairs in Set B, the orange solid square is the predicted best beam pair in Set A.



Instead of NW side DL Tx-Rx beam pair prediction, we propose to focus on NW side DL Tx-Angle of Arrival (AoA) prediction where the trained model will output the predicted pair parameter -{best DL Tx beams, best AoAs}. In this approach, the trained ML model is not specific to the UE device antenna panel configuration and may be applied across different UE device configurations. In fact, by obtaining the predicted AoAs at the UE side, the UE can map this information to select its corresponding Rx beam. Further, for this scenario, UE position info can be considered as part of the model input for predicting the AoA for the UE. A two-step approach for measuring the best K pairs of Tx-AoA suggested by an ML model can be also adopted to improve the ML model KPIs. 

Proposal 2: For BM-Case1 with Set A/B considering Tx-Rx pairs, further discussion may be needed on NW side DL Tx-AoA prediction, UE position information as assistant info to the input of ML model.

Considering the model inference is in the UE side, UE does not need to report its Rx beam selection to NW, and it is up to UE to schedule its Rx beam operation for receiving the DL Tx beams. UE can select a Rx beam receiving pattern that is beneficial to its Tx-Rx beam pair prediction. 

Observation 3: For UE side TX-RX beam pair inference, it is up to UE to schedule its Rx beam operation for receiving the DL Tx beams. UE can select an Rx beam receiving pattern that is beneficial to its Tx-Rx beam pair prediction. 

Figure 2 shows an example of UE measuring a subset of beam pairs from Set A (16 measurements out of total 64 possibilities) and predicts the best beam pair in Set A. In Figure 2, the model input, UE uses each Rx beam to measure 4 DL Tx beams with a certain pattern. In the model output, UE predicts the best Tx-Rx beam pair and UE only needs to report the predicted best DL Tx beam to NW if needed. 

However, for Tx-Rx beam pair prediction, given the prediction space now is , to ensure good prediction performance and maintain the throughput, the measurement space  now may increase significantly and may be even larger than the measurement space  from predicting DL Tx beams and DL Rx beams independently.

Observation 4: To ensure good prediction performance and maintain the system throughput, the necessary measurement space for DL Tx-Rx beam pair prediction  may increase significantly compared to the measurement space  from predicting DL Tx beams and DL Rx beams independently.

Further, we understand that in Tx-Rx beam pair prediction, the NW may need to be fully aware of the Rx beam selected for the different Tx beam measurements, but the NW may only know the best Rx beam for the best Tx beam. In other words, Tx-Rx beam pair prediction may require extra Rx beam sweeping (P3) or other extra measurements to determine the Rx beams for the non-best Tx beams. We suggest further study of the beam management scheme with Tx-Rx beam pair prediction to understand the benefit.    

Observation 5: In Tx-Rx beam pair prediction, the best Rx beam for the non-best Tx beams may need extra Rx beam sweeping or other measurements to be determined. 

Moreover, it needs to be clarified what the performance gain (throughput scaled by overhead, latency ) for predicting the beam pair jointly compared to predicting Tx and Rx independently is. 

Observation 6: The performance gain (throughput scaled by overhead, latency ) needs to be clarified for predicting the beam pair jointly compared to predicting Tx and Rx independently. 

For DL Rx prediction with ML model, we expect the ML algorithm (model input, output, structure) will be similar to DL Tx beam prediction in section 2.2, and the model inference will be only on UE side. However, UE may need to inform NW about its Rx beam prediction capability and the needed Rx beam sweeping number – the number of input measurements for the ML model/algorithm, which may be different from the UE Rx beam capability maxNumberRxBeam. 

Observation 7: For the use case of DL Rx beam prediction, UE needs to report its Rx beam capability and the needed Rx beam sweeping number, which may be different from the UE Rx beam capability max Number of Rx Beam. 

Proposal 3: For BM-Case1, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction for further study.
· RAN1 may consider Alt.2: DL Rx beam prediction and Alt.3: Beam pair prediction as an additional scenario if the benefits are identified in 9.2.3.1.  

BM-Case2: Temporal Domain Beam Prediction
In spatial-temporal domain beam prediction, the ML model can predict the best beam for a UE based on a set of limited measurements that includes historical information.  For example, the set of measurements could include a history of the best beam index selected by the UE with optional inclusion of the corresponding RSRP and/or UE position information. The intent for this prediction would be to lower RS overhead by narrowing down candidate best beam(s) mobile UEs, or by increasing the time period between the transmission of CSI-RS resource sets for beam refinement (e.g., CRI with RSRP feedback) for mobile UEs, which will also reduce reporting overhead by increasing the time period between UE reporting.

RAN1 made the following agreements related to Set A and Set B, and further discussions on these may be needed to limit the scope of the study. 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 
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



Relationship between Set A & Set B
As mentioned in the afore-mentioned RAN1 agreement, three main alternatives discuss the relationship between Set A and Set B. Figure 3 shows all different alternatives of Set A and Set B. Figure 3: Set B all beams RSRP input, Set A best beam output. In the model input Alt.1 the same color squares are the measured wide beams in Set B (Set B is different to Set A), in Alt.2 Set B is a subset of Set A &Alt.3 Set B and Set A are the same, the blue solid squares are the measured beams in Set B. All small squares are beams in Set A, and oranges solid squares is the predicted best beam in Set A.


  
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.

Observation 8: When Set B and Set A are the same in BM-Case2, the beam prediction performance should be optimum.  
However, in the case Set B and Set A are the same, it can be used as a baseline to study the beam prediction performance. For example, the relation between K and F with different UE speeds, different channel assumptions, and different measurement periods. 

Proposal 4: In BM-Case2, “Set B and Set A are the same” should be the baseline to study the prediction performance.
· FFS relation between K and F with different UE speeds, different channel assumptions, and different measurement periods.

For Alt.2 Set B is a subset of Set A, the measurement overhead during the observation period K can be reduced compared to the case that Set B and Set A are the same. However, if the selection of Set B is fixed or random over the entire K, the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade. 

Observation 9: For Set B is a subset of Set A, if the selection of Set B is fixed or random over the entire K, then the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade.
To acquire a better knowledge of the actual best beam in Set A during K, one can 
1) In each time instant of K, use spatial domain beam prediction with Set B measurements and the necessary assistant info as input, and use the spatial domain beam prediction output for all K instances as the input to the temporal beam prediction model. 
2) Use algorithms like Bayesian optimization [2] with exploration and exploitation steps to track the best beam in Set A at each time instance after the algorithm converges. 

Observation 10: For BM-Case2 Set B is a subset of Set A , for each time instant in K, spatial domain beam prediction or Bayesian optimization can be used to track the best beam over Set A. 
For Alt.1, Set B is different to Set A, assuming Set B is a wide beam codebook and Set A is a refined beam codebook with , then the measurement overhead can be reduced during the observation period K. But still it also has the issue that the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade. 

Observation 11: For BM-Case2 Set B is different to Set A, the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade.
To acquire a better knowledge of the actual best beam in Set A at each time instant of K, spatial domain beam prediction with ML method (i.e. NN or Gaussian Process) can be applied using the Set B measurement as input. And at each time instant of K, use the ML method prediction output as the input to the temporal beam prediction model. 

Observation 12: For BM-Case2 Set B is a subset of Set A , for each time instant in K, spatial domain beam prediction with NN or Gaussian Process can be used to track the best beam over Set A. 

As we proposed to prioritize studying the Set B is a subset of Set A for BM-Case1, it is natural to extend it to BM-Case2 with further optimization over multiple time instants. Therefore, for BM-Case 2 we propose to prioritize Alt.3 and Alt.2 for best performance exploration and extension study from for BM-Case1.
Proposal 5: In BM-Case2, prioritize studying “Alt.3 Set B and Set A are the same” and “Alt.2 Set B is a subset of Set A”
· FFS use cases of Alt.1 Set B and Set A are different.

DL Tx, DL Rx, vs Beam-pair Prediction
Similar to the section 2.1.2, the beam pair prediction benefit is not clear on neither the model performance wise nor overhead reduction wise. Therefore, we propose to prioritize the DL Tx beam prediction study for BM-Case2.

Proposal 6: For BM-Case2 construction of Set A/B, prioritize Alt.1: DL Tx beam prediction for further study.
· RAN1 may consider Alt.2: DL Rx beam prediction and Alt.3: Beam pair prediction as an additional scenario if the benefits are identified in 9.3.2.1.  


Model Input / Output – BM-Case1 & 2
Model input 
	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. 

Observation 13: For BM-Case1, the Set B L1-RSRP measurements are needed at the model input. 

Then the diverged discussion is mainly about what necessary extra information will be needed, and we understand that it is depending on different use case assumptions:

1. For 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. Some companies proposed sharing the UE location information with NW to improve model performance, but in this case, the UE privacy may become a controversial issue. Nevertheless, network-side localization techniques could be applied to estimate the UE location. 

2. For 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: 

1) NW antenna-related info for Set A generalization (if such feature is not available then it needs model selection for different antenna configurations) 
2) Beam-relatedted info for Set B generalization (i.e. random Set B). 
3) gNB panel array parameters (bearing angle, mechanical downtilt, slant angle) for determining the UE’s angle relative to a panel array of the gNB. 

Therefore, if NW-UE collaboration level z is not considered, then Alt.2 - Set B L1-RSRP and assistant info will be needed.

Observation 14: For the NW side model with DL TX beam prediction, L1-RSRP measurements of Set B are sufficient for ML model input.

Observation 15: For the UE side model with DL Tx beam or Tx-Rx beam pair prediction, if NW-UE collaboration level z is not considered, then Set B L1-RSRP and assistant info will be needed as ML model input for Set A and Set B generalization.

3. Consider UE side model training with random Set B, then beam ID for Set A/B will be needed either as an additional model input feature or as the mapping indexes for the model input one-hot embedding where each element in the input tensor represents a specific beam (element position sensitive) [2-3]. Therefore, beam indexes for Set A/B or CRI with certain mapping are needed from NW to UE for UE side DL Tx beam or DL Tx-Rx beam pair prediction. However, both Alt. 4 and Alt.2 have beam ID included and these two alternatives should be merged.

Observation 16: For UE side DL Tx beam or DL Tx-Rx beam pair prediction, the DL Tx beam indexes or CRI with certain mapping for Set A/B are needed for the UE.  

Observation 17: For BM-Case1, considering ML model input variants, Alt. 4 should be merged with Alt.2 as beam ID is covered in both alternatives.
 
Based on our above discussion, we propose to prioritize the model input Alt.2 for further study.

Proposal 7: Regarding the sub-use case BM-Case1, select the following alternatives for AI/ML input:
· 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, gNB panel array parameters (bearing angle, mechanical downtilt, slant angle), etc.

	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.




For BM-Case 2, the model output discussion will be similar and therefore we suggest for moving forward RAN1 should prioritize the model input Alt.2 for BM-Case 2

Proposal 8: Regarding the sub-use case BM-Case2, select the following alternatives for AI/ML input:
· 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

Model output 
Regarding the model output for BM-Case 1, certain predicted quantities for each beam in Set A are discussed in RAN1#110 and 110-bis-e meetings:

	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))

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



The output of the ML model at least shall provide the beam ID(s) based on the above agreements. 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 only applicable for BM-Case1. We do not see BM-Case2 having any possibility of predicting such L1-RSRP. Also, for both BM-Case1 and BM-Case2, it makes also sense to consider the possibility of reporting “other information” when the ML output also provides such possibilities. 

Observation 18: For the sub-use case BM-Case1, depending on the ML model used, the model may output other information (e.g., a QoS-based metric of Tx beams) which are useful to determine Top-N1 beams or to report additional parameters other than to Top-N1 beams.   

Proposal 9: For BM-Case1 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to optionally report the following information of AI/ML model inference to NW,  
•	Predicted L1-RSRP corresponding to the beam(s)
•	Other information (FFS: details) 

Proposal 10: For BM-Case2 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to optionally report the following information of AI/ML model inference to NW,  
•	Other information (FFS: details)

Aspects related to LCM
Model Training & Inference
In RAN1#110, we have the following agreements related to the beam prediction model training and model inference: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, 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 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 
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


NW-side Model training & inference 
For the NW-side DL Tx beam prediction, we assume collaboration level y, and an signaling example is illustrated in Figure. 5.



Figure 5 Beam management scheme with NW-side model beam prediction 


Further details for the signalling collaboration for BM-Case1/2 may need to consider the following:

Step 1: Here, we assume model training, validation, and/or data collection-related signalling. Overall, the model training shall be done prior to using the model for inference. In some cases, even though data collection and training often happen in offline prior to any air-interface signalling, the NW may also use air-interface to collect additional data for fine-tuning or updating the model prior using it for inference. In such assumptions, the NW configures the UE to measure and report the CSI (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 report 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 11: For data collection purpose at the NW side, study the CSI reporting enhancement (e.g., reporting more than 4 beams and associated L1-RSRP) such that NW may update the data set for model training/update/fine-tuning.

Step 2: Here, we assume model inference-related signalling. NW configures the UE to measure and report Set B where Set B can be a subset of Set A or different from Set A. For the NW-side model, the Set A configuration may be transparent to UE. However, the Set B pattern may have different configurations such as a fixed pattern or a UE specific pattern, or a random pattern. The measurement Set B configuration scheme may have further spec impact.

Moreover, for BM-Case2, the measurement beam Set B configuration will be involved with temporal domain behavior, for example, the Set B configuration will be related to the observation window and prediction window, or may vary over time.     

Proposal 12: For model inference at the NW side, study the CSI reporting enhancement on how to configure measurements of a fixed or variable set for Set B measurements. 

Also, additional beam reporting enhancements are needed such that more than 4 best beams can be reported by the UE, and RAN1 had the following working assumption related to that discussion. It makes sense to confirm this in the next meeting, 

	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



Proposal 13: Confirm the following working assumption, 
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

Step 3: The NW uses the ML model for beam prediction based on the reported CSI measurements. We assume this step is to be an offline process with not much impacting on air-interface. 

Step 4: Based on the ML model output results, NW may configure UE to further measure and report the CSI for the “top-N” beams. This may be transparent to the UE and may be facilitated by NR CSI framework already. 

Step 5: Based on the prediction results and the CSI report, NW may configure TCI for UE to switch beams.  

Step 6: Across all these steps, the NW side or UE side model monitoring procedures should be included in the beam management scheme and the detail is discussed separately in section 4.2.

UE-side Model training & inference
	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

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




As with the earlier scenario, we consider the collaboration level-y for UE-side model training and inference scenario.  For more convenient discussion, a flowchart example of beam management scheme with UE-side DL Tx beam or DL Tx-Rx beam pair prediction and NW-UE collaboration level y is shown in Figure. 6. 
 


Figure 6 Beam management scheme with UE-side model beam prediction 
Further detail for the scheme is provided in the followings:

Step 1: In the UE side model training/update/validate step, NW and UE may need to align on the UE side model prediction capability, and model selection may be included. For example, the UE may report to the NW the ML model capabilities with a message, which may indicate whether the UE model has the following features: a) generalization ability for different NW antenna configurations (Set A generalization) and b) generalization ability for beam measurement patterns, i.e. number and direction of measurement beams (Set B generalization). Based on UE model capabilities, then NW decides the assistant info or resource configuration for the UE. For example, for feature (a) Set A generalization, the following procedures may be included:
· UE side model is capable for NW antenna configuration generalization, and the model input requires assistant info provided by the NW. The assistant info may be related to (or can be derived from) the NW’s beam pattern layout - (M, N, P, Mg, Ng, ), and the corresponding complex beam weight matrix. 
· UE side has one or multiple trained models for different NW DL Tx beam pattern layouts. In this case, Set B beam RSRPs are needed for the model input, but additional assistant info from a particular NW beam pattern layout may be needed if the NW beam pattern layout for model training and inferencing is NOT the same. In this case, the exchanged collaboration signaling will be related to the model selection/indication for the UE. 

Further, the NW configures UEs to measure the CSI (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. NW may transmit the antenna/beams related info to UE for model input. UE then trains or updates or validates the ML model with the collected CSI measurements and assistant info (if exists). 

Observation 19: For DL Tx beam or DL Tx-Rx beam pair prediction at the UE with collaboration level-y, 
· the exchanged collaboration signaling may be required to carry assistant info related to NW’s beam pattern layout. Such assistant info may be used for model input.  
· the exchanged collaboration signaling may be required to consider the details such as selecting a model at the UE or indicating details related to model management. 
Proposal 14: For UE side DL Tx beam or DL Tx-Rx beam pair prediction with collaboration level-y, RAN1 shall investigate further details about UE side model generalization and the corresponding NW-UE model alignment scheme.
Step 2: NW configures UE to report the predicted beams in Set A, as well as the beam measurements from Set B. Here, the resource set for measurement beams and resource set for prediction beams should be indicated to UE to report the actual measurements and the beam prediction results. The Set A/B configuration can also be configured in a dynamic way to facilitate the resource set configuration. For BM-Case2, the Set A/B configuration with considering time domain behavior should be further study.  

Proposal 15: For UE side DL Tx beam or Tx-Rx beam pair prediction, further study configuring different RS resource sets for beam prediction and beam measurements.
Step 3: Model inference at the UE, where UE measures the configured Set B and predicts best beams in Set A.

Step 4: UE reports the CSI to NW, where the CSI report may include the beam CSI from measurements and the beam CSI from prediction. Based on RAN1 #110-bis-e meeting agreement, potential spec impacts can be studied to support reporting of the beam(s) that is based on the output of AI/ML model inference. Also, the reporting CSI quantity from UE side can be prediction-related quantity (i.e. confidence level, RSRP error, observation window length), as well as the predicted beam for one or more future instants. This is discussed in section 3.2.

Step 5: Based on the ML model output results, NW and UE align on further CSI measurement and report for the “top-N” beams, if needed.

Step 6: Based on the CSI report, NW may configure TCI for UE to switch beams. For the UE side model with BM-Case2, in steps 5/6 about the “top-N” beams CSI measurement/report configuration and the TCI configuration may also be involved with the time domain behavior and further study about the potential spec impact is needed.

Observation 20: For BM-Case2, UE side DL Tx beam or Tx-Rx beam pair prediction, the “top-N” beams CSI measurement/report configuration and the TCI configuration may have potential spec impact.

Step 7: NW side or UE side model monitoring procedure should be included in the beam management scheme and the details are discussed separately in section 4.2.

[bookmark: _Ref115257301]Model Monitoring
	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
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

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 beam prediction model monitoring, the prediction output for Set A can be leveraged by NW for beam management, including inter-cell beam management or L1/2 centric inter-cell mobility. NW can change the serving beam or even cell based on those predictions. However, the beam prediction operation may fail for various reasons like the use of insufficient beams in Set B and/or the sudden changes in the channel conditions. The wrong predictions in NW can lead to beam failure detection or radio link failures and increase service interruption time, and lead to additional signaling needed to handle the recovery of the connection. 

Observation 21: The wrong beam prediction of the network can cause beam failures or radio link failures which can increase the service interruption time and signaling overhead to handle the recovery of the connection. 
From the alternatives listed in the above agreement, we think that Alt.2 and Alt.3 make more sense as the UE taking decisions (Alt.1) related to model selection/activation/ deactivation/switching/fallback operation may somewhat have conflicts with the NW side assumptions on UE-behaviors. 

Proposal 16: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, select the following alternatives for model monitoring: 
· 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


NW can monitor the beam prediction failures by configuring UE to report the ground truth measurement CSI for Set A as well as a prediction for Set A periodically, and such procedure may be transparent to UE.

Proposal 17: For the NW-sided beam prediction, further study the model monitoring considering, 
· NW-side model monitoring as the baseline
· NW monitors the performance metric(s) based on frequent measurement/reporting of Set A beams 

Similarly, the beam prediction failure can also be monitored by UE, such as UE is configured to compare, from time to time, the indicated predicted beams ID or beam RSRP and the actual beam measurements from Set A with specific rules. The rules can be based on certain beam prediction intermediate metrics, i.e., RSRP prediction error or prediction accuracy under/higher certain threshold. Based on the comparisons, UE can determine and report whether beam prediction failure exists for a given instance. Compared to NW side beam prediction failure monitoring, UE side monitoring can reduce the reporting overhead.

Observation 22: UE can be configured to compare the predicted beam IDs (or predicted beam RSRPs) to the actual beam measurements from Set A with certain rules (i.e. RSRP prediction error or prediction accuracy under/higher certain threshold) to monitor DL TX beam or DL Tx-Rx beam pair prediction failure.
Proposal 18: For the UE-sided beam prediction, further study the model monitoring considering, 
· Hybrid model monitoring as the baseline
· UE monitors the performance metric(s) based on frequent measurement/reporting of Set A beams and reports the metrics to the NW


For the UE side model, the ML model may need to generalize better toward a new configuration or scenario. If generalization is not fully achieved, multiple ML models may be available in the UE. Then, the UE should choose the most proper ML model (NW-UE model alignment procedure). For instance, the most proper ML model may achieve acceptable ML performance KPIs while limiting the number of beam measurements in Set B. 
Also, the NW may perform ML model monitoring to track variations of the ML model performance of UEs. NW may have additional awareness about environmental conditions in the area that are not available at UE. In such a case, the NW can support the model selection procedure at UE, i.e., indicate when a different ML model should be used.

Observation 23: NW may perform ML model monitoring to track variation of the ML model performance for all the served UEs. Also, the NW may be better aware of the propagation conditions for all the UEs in the sector area and indicate to the UE when it requires switching to a different ML model. 

[bookmark: _Hlk510705081]Proposal 19: RAN1 to study NW input to support ML model switching/(de)activation at UE for DL Tx beam or DL Tx-Rx beam pair prediction.
Other considerations on BM-Case1/2
In Rel-16 and Rel-17, there are other beam measurement and reporting enhancements, other than measuring best beams from the serving cell, addressing mainly intra/inter-cell multi-TRP operations and inter-cell beam management. We think it is good to address these scenarios in Rel-18 AI/ML and understand whether the learnings of BM-Case1 can be extended. 

Assuming we focus on DL Tx beam prediction, how it works when DL Tx beam measurements are associated with different PCIs may not be fully clear yet. So far, most beam prediction assumptions are based on GoB used in one TRP or site/cell, not across TRPs/Cells/Sites. 

Observation 24: For inter-cell beam measurements and reporting, it is not clear how the beam prediction in the spatial domain is applied. 

In Rel-17 inter-cell beam measurement and reporting, DL Tx beams can be associated with TRPs of different PCIs (serving cell PCI or non-serving cell PCIs), and beams from different PCIs can be reported to the network. In such scenarios of beam prediction applied for inter-cell beam measurements, we may have to consider Set B consists of beams from serving cell and non-serving cell PCIs. What is considered in Set A may depend on whether UE can do the inter-cell beam prediction considering different PCIs or not. At a minimum, prediction Set A at least should contain beams corresponding to one PCI, where beam prediction applies only for one PCI at a given time. Anyways, further studies are required on this and can be considered in Rel-18 SI on AI/ML. 

Proposal 20: For UE side DL Tx beam prediction with inter-cell beam measurements and reporting, RAN1 shall further study the feasibility of applying beam predictions (BM-Case1 and BM-Case2) across different PCIs or within one PCI. 

For the DL Tx beam to TRP association, in many deployments, DL Tx beams may not only be coming from one TRP but from multi-TRPs. Therefore, the extension to the multi-TRP configuration is an aspect that can be considered for future discussions. Also, in NR, beam reporting has both group-based beam reporting and non-group-based beam reporting modes, and it is important that AI/ML handles both scenarios. Rel-17 further introduced an enhanced group-based reporting for supporting multi-TRP simultaneous reception operation, and it makes sense to consider such operation also in the beam prediction sub-use cases. For group-based beam reporting with ML, we think that the configured RS resource sets, for Set A and Set B, shall also be sub-divided such that TRP-to-DL Tx beam identification is clear. For example, Set A and Set B may be having sub-sets (sub-set A1/A2 and sub-set B1/B2) to associate to each TRP, and beam grouping could also be done considering sub-sets A1/A2 that are not measured by the UE, but predicted based on measurements on set B1/B2. 

Proposal 21: For UE side DL Tx beam prediction, Ran1 shall further study group-based beam reporting supported for mTRP operation, including whether Set B measurements can be from two TRPs and UE can report beam pairs from Set A. 
Conclusion
In this contribution, we discuss details of ML for beam management use case and have the following proposals and observations

Observation 1: The regular “continuous” wide beam design (i.e., adjacent narrow beams associated to the same wide beam) may not be sufficient to implement a narrow beam prediction with good performance.

Proposal 1: For BM-Case1, considering the construction of Set A/B, prioritize Alt.2: Set B is a subset of Set A for further studies.
· RAN1 may consider Alt1: Set A and Set B are different (Set B is NOT a subset of Set A) as an additional scenario if the benefits are identified in 9.3.2.1.  

Observation 2: For DL Tx-Rx beam prediction in the NW side, Set B will be unknown to NW as NW most likely cannot directly control the UE Rx beam selection.

Proposal 2: For BM-Case1 with Set A/B considering Tx-Rx pairs, further discussion may be needed on NW side DL Tx-AoA prediction, UE position information as assistant info to the input of ML model.

Observation 3: For UE side TX-RX beam pair inference, it is up to UE to schedule its Rx beam operation for receiving the DL Tx beams. UE can select an Rx beam receiving pattern that is beneficial to its Tx-Rx beam pair prediction. 

Observation 4: To ensure good prediction performance and maintain the system throughput, the necessary measurement space for DL Tx-Rx beam pair prediction  may increase significantly compared to the measurement space  from predicting DL Tx beams and DL Rx beams independently.

Observation 5: In Tx-Rx beam pair prediction, the best Rx beam for the non-best Tx beams may need extra Rx beam sweeping or other measurements to be determined. 

Observation 6: The performance gain (throughput scaled by overhead, latency ) needs to be clarified for predicting the beam pair jointly compared to predicting Tx and Rx independently. 

Observation 7: For the use case of DL Rx beam prediction, UE needs to report its Rx beam capability and the needed Rx beam sweeping number, which may be different from the UE Rx beam capability max Number of Rx Beam. 

Proposal 3: For BM-Case1, considering beam types of Set A/B, prioritize Alt.1: DL Tx beam prediction for further study.
· RAN1 may consider Alt.2: DL Rx beam prediction and Alt.3: Beam pair prediction as an additional scenario if the benefits are identified in 9.2.3.1.  

Observation 8: When Set B and Set A are the same in BM-Case2, the beam prediction performance should be optimum.  
Proposal 4: In BM-Case2, “Set B and Set A are the same” should be the baseline to study the prediction performance.
· FFS relation between K and F with different UE speeds, different channel assumptions, and different measurement periods.

Observation 9: For Set B is a subset of Set A, if the selection of Set B is fixed or random over the entire K, then the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade.

Observation 10: For BM-Case2 Set B is a subset of Set A , for each time instant in K, spatial domain beam prediction or Bayesian optimization can be used to track the best beam over Set A. 
Observation 11: For BM-Case2 Set B is different to Set A, the actual best beam in Set A may or may not be known during K, and the beam prediction performance may degrade.

Observation 12: For BM-Case2 Set B is a subset of Set A , for each time instant in K, spatial domain beam prediction with NN or Gaussian Process can be used to track the best beam over Set A. 
Proposal 5: In BM-Case2, prioritize studying “Alt.3 Set B and Set A are the same” and “Alt.2 Set B is a subset of Set A”
· FFS use cases of Alt.1 Set B and Set A are different.

Proposal 6: For BM-Case2 construction of Set A/B, prioritize Alt.1: DL Tx beam prediction for further study.
· RAN1 may consider Alt.2: DL Rx beam prediction and Alt.3: Beam pair prediction as an additional scenario if the benefits are identified in 9.3.2.1.  

Observation 13: For BM-Case1, the Set B L1-RSRP measurements are needed at the model input. 

Observation 14: For the NW side model with DL TX beam prediction, L1-RSRP measurements of Set B are sufficient for ML model input.

Observation 15: For the UE side model with DL Tx beam or Tx-Rx beam pair prediction, if NW-UE collaboration level z is not considered, then Set B L1-RSRP and assistant info will be needed as ML model input for Set A and Set B generalization.

Observation 16: For UE side DL Tx beam or DL Tx-Rx beam pair prediction, the DL Tx beam indexes or CRI with certain mapping for Set A/B are needed for the UE.  

Observation 17: For BM-Case1, considering ML model input variants, Alt. 4 should be merged with Alt.2 as beam ID is covered in both alternatives.
 
Proposal 7: Regarding the sub-use case BM-Case1, select the following alternatives for AI/ML input:
· 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, gNB panel array parameters (bearing angle, mechanical downtilt, slant angle), etc.

Proposal 8: Regarding the sub-use case BM-Case2, select the following alternatives for AI/ML input:
· 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

Observation 18: For the sub-use case BM-Case1, depending on the ML model used, the model may output other information (e.g., a QoS-based metric of Tx beams) which are useful to determine Top-N1 beams or to report additional parameters other than to Top-N1 beams.   
Proposal 9: For BM-Case1 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to optionally report the following information of AI/ML model inference to NW,  
•	Predicted L1-RSRP corresponding to the beam(s)
•	Other information (FFS: details) 

Proposal 10: For BM-Case2 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to optionally report the following information of AI/ML model inference to NW,  
•	Other information (FFS: details)

Proposal 11: For data collection purpose at the NW side, study the CSI reporting enhancement (e.g., reporting more than 4 beams and associated L1-RSRP) such that NW may update the data set for model training/update/fine-tuning.

Proposal 12: For model inference at the NW side, study the CSI reporting enhancement on how to configure measurements of a fixed or variable set for Set B measurements. 

Proposal 13: Confirm the following working assumption, 
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

Observation 19: For DL Tx beam or DL Tx-Rx beam pair prediction at the UE with collaboration level-y, 
· the exchanged collaboration signaling may be required to carry assistant info related to NW’s beam pattern layout. Such assistant info may be used for model input.  
· the exchanged collaboration signaling may be required to consider the details such as selecting a model at the UE or indicating details related to model management. 
Proposal 14: For UE side DL Tx beam or DL Tx-Rx beam pair prediction with collaboration level-y, RAN1 shall investigate further details about UE side model generalization and the corresponding NW-UE model alignment scheme.
Proposal 15: For UE side DL Tx beam or Tx-Rx beam pair prediction, further study configuring different RS resource sets for beam prediction and beam measurements.
Observation 20: For BM-Case2, UE side DL Tx beam or Tx-Rx beam pair prediction, the “top-N” beams CSI measurement/report configuration and the TCI configuration may have potential spec impact.

Observation 21: The wrong beam prediction of the network can cause beam failures or radio link failures which can increase the service interruption time and signaling overhead to handle the recovery of the connection. 
Proposal 16: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, select the following alternatives for model monitoring: 
· 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

Proposal 17: For the NW-sided beam prediction, further study the model monitoring considering, 
· NW-side model monitoring as the baseline
· NW monitors the performance metric(s) based on frequent measurement/reporting of Set A beams 

Observation 22: UE can be configured to compare the predicted beam IDs (or predicted beam RSRPs) to the actual beam measurements from Set A with certain rules (i.e. RSRP prediction error or prediction accuracy under/higher certain threshold) to monitor DL TX beam or DL Tx-Rx beam pair prediction failure.
Proposal 18: For the UE-sided beam prediction, further study the model monitoring considering, 
· Hybrid model monitoring as the baseline
· UE monitors the performance metric(s) based on frequent measurement/reporting of Set A beams and reports the metrics to the NW

Observation 23: NW may perform ML model monitoring to track variation of the ML model performance for all the served UEs. Also, the NW may be better aware of the propagation conditions for all the UEs in the sector area and indicate to the UE when it requires switching to a different ML model. 

Proposal 19: RAN1 to study NW input to support ML model switching/(de)activation at UE for DL Tx beam or DL Tx-Rx beam pair prediction.
Observation 24: For inter-cell beam measurements and reporting, it is not clear how the beam prediction in the spatial domain is applied.

Proposal 20: For UE side DL Tx beam prediction with inter-cell beam measurements and reporting, RAN1 shall further study the feasibility of applying beam predictions (BM-Case1 and BM-Case2) across different PCIs or within one PCI. 

Proposal 21: For UE side DL Tx beam prediction, Ran1 shall further study group-based beam reporting supported for mTRP operation, including whether Set B measurements can be from two TRPs and UE can report beam pairs from Set A. 
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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.
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