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1. Introduction
The following is part of the RAN1 agreements related to the beam prediction in #109 and #110 meetings. In this contribution, we discuss the impact of RAN2 in terms of beam prediction.
	RAN1 #109 Agreement
Agreement
· For spatial-domain beam prediction, further study the following options as baseline performance
· Option 1: Select the best beam within Set A of beams based on the measurement of all RS resources or all possible beams of beam Set A (exhaustive beam sweeping)  
· FFS CSI-RS/SSB as the RS resources
· Option 2: Select the best beam within Set A of beams based on the measurement of RS resources from Set B of beams
· FFS: Set B is a subset of Set A and/or Set A consists of narrow beams and Set B consists of wide beams
· FFS: how conventional scheme to obtain performance KPIs
· FFS: how to determine the subset of RS resources is reported by companies
· Other options are not precluded.

Agreement
· For temporal beam prediction, further study the following options as baseline performance
· Option 1a: Select the best beam for T2 within Set A of beams based on the measurements of all the RS resources or all possible beams from Set A of beams at the time instants within T2 
· Option 2: Select the best beam for T2 within Set A of beams based on the measurements of all the RS resources from Set B of beams at the time instants within T1 
· Companies explain the detail on how to select the best beam for T2 from Set A based on the measurements in T1
· Where T2 is the time duration for the best beam selection, and T1 is a time duration to obtain the measurements of all the RS resource from Set B of beams.
· T1 and T2 are aligned with those for AI/ML based methods
· Whether Set A and Set B are the same or different depend on the sub-use case
· Other options are not precluded.  

Agreement
· At least for spatial-domain beam prediction in initial phase of the evaluation, UE trajectory model is not necessarily to be defined.

Agreement
· At least for temporal beam prediction in initial phase of the evaluation, UE trajectory model is defined. FFS on the details.

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



	RAN1 #110 Agreement
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 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 
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

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


2. Discussion
The predictive measurement can help prepare the network to configure the right cell/beam at the right time and proactively perform link recovery before the UE encounters problems. 
According to the RAN1 agreement, beam prediction is under discussion. There are two cases of DL beam prediction as below. 
· BM-Case 1 is spatial-domain beam prediction for the prediction for Set A of beams based on measurement results of Set B of beams. For example, if there are 64 beams in a cell, 8 beams can be used to predict the measurement results of remaining beams. 
· BM-Case 2 is temporal beam prediction for the prediction for Set A of beams based on measurement results of Set B of beams. The difference from BM-Case 1 is that it predicts for a certain time. UE trajectory is also considered for the prediction. 
For each BM case, AI/ML training/inference at the UE side is considered. In this case, the UE needs to predict the beam measurement result based on the model configured, and it needs to send the report to the network. As per the RAN1 agreement, enhanced or new configuration/UE reporting/UE measurement is one of discussion points.
Observation 1. RAN1 is studying beam prediction. There are two cases of DL beam prediction: one is spatial-domain beam prediction and the other is temporal beam prediction.
Observation 2. In RAN1 study, Model Inference function can be deployed on the UE side.
Considering the RRM measurement result is the consolidation of measurement results of beams (reference signals, e.g., SSB and CSI-RS), beam prediction can affect the RRM measurement result. That is, based on the beam prediction measurement, the RRM measurement prediction can also be obtained. Therefore, we propose to study RRM measurement prediction framework for the case where model inference is placed on the UE side. In a conventional manner, (i) the predictive RRM measurement configuration may be included in the legacy measurement configuration, and (ii) the RRM measurement prediction results may be included in the legacy measurement report message.
Observation 3. The RRM measurement prediction can be obtained based on the beam measurement prediction. This is because the RRM measurement result is the consolidation of measurement results of beams (reference signals, e.g., SSB and CSI-RS).
Proposal 1. We propose to study RRM measurement prediction framework for the case where model inference is placed on the UE side.
For the RRM measurement prediction, we need to study what information is predicted. There may be two predictions: (i) One is that UE predicts measurement results for a certain time. (ii) The other is that UE predicts the time at which the measurement results will satisfy the reporting condition. 
Proposal 2. We propose to study what information is predicted for the RRM measurement prediction.
For the reporting the prediction results, unconditional reporting will make the signalling overhead. It may also be unnecessary information from a network point of view. In terms of RRM measurement reporting mechanism, there may be two conditions: (i) event-based prediction report (ii) periodic prediction report
Proposal 3. We propose to study the report triggering condition for the RRM measurement prediction report.
The RRM measurement prediction can also be used in the conditional mobility, such as CHO and CPAC. Given high-frequency coverage, the cell coverage would be decreasing, and a lot of execution of conditional mobility would occur more frequently. In such case, if the UE performs conditional mobility to the cell with guaranteed cell quality until the future, it is possible to increase mobility robustness and reduce latency for mobility execution. Therefore, we propose to study conditional mobility based on the RRM measurement prediction. 
Observation 4. Given high-frequency coverage, the cell coverage would be decreasing, and a lot of execution of conditional mobility (e.g., CHO and CPAC) would occur more frequently. In such case, if the UE performs conditional mobility to the cell with guaranteed cell quality until the future, it is possible to increase mobility robustness and reduce latency for mobility execution
Proposal 4. We propose to study conditional mobility (e.g., CHO and CPAC) based on RRM measurement predictions.

3. Conclusion
Follows are our proposal:
Observation 1. RAN1 is studying beam prediction. There are two cases of DL beam prediction: one is spatial-domain beam prediction and the other is temporal beam prediction.
Observation 2. In RAN1 study, Model Inference function can be deployed on the UE side.
Observation 3. The RRM measurement prediction can be obtained based on the beam measurement prediction. This is because the RRM measurement result is the consolidation of measurement results of beams (reference signals, e.g., SSB and CSI-RS).
Proposal 1. We propose to study RRM measurement prediction framework for the case where model inference is placed on the UE side.
Proposal 2. We propose to study what information is predicted for the RRM measurement prediction.
Proposal 3. We propose to study the report triggering condition for the RRM measurement prediction report.
Observation 4. Given high-frequency coverage, the cell coverage would be decreasing, and a lot of execution of conditional mobility (e.g., CHO and CPAC) would occur more frequently. In such case, if the UE performs conditional mobility to the cell with guaranteed cell quality until the future, it is possible to increase mobility robustness and reduce latency for mobility execution
Proposal 4. We propose to study conditional mobility (e.g., CHO and CPAC) based on RRM measurement predictions.
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