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1 Introduction
A new Study Item (SI) to study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface had been approved in RAN Plenary RP#94 meeting [1]. AI/ML-based Beam management has been identified as one of the three use cases for investigation and evaluation. It is also mentioned to identify the potential specification impact required to enable AI/ML techniques for the air-interface. In RAN1 109e the Study Item (SI) on Artificial Intelligence (AI)/Machine Learning (ML) for NR air interface has been initiated. The SI includes “Other aspects on AI/ML for beam management” under the agenda 9.3.2.2. Over the last RAN1 meeting, i.e., RAN1 109e, the study identified “AI/ML for Beam Management in Spatial Domain” and “AI/ML for Beam Management in Temporal Domain” as the basic use-cases and made some agreements on this aspect. As mentioned in RAN1 109e, the spatial domain and temporal domain beam predictions are defined as:
· Spatial-domain beam prediction for Set A of beams based on measurement results of Set B of beams.
· Temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams.

In this contribution we discuss the way forward considering the sub use-cases for beam management (BM) and the potential specification impacts.
2 Discussion

During the last two RAN1 meetings, i.e., in RAN1 109e and RAN1 110 meetings, it has been agreed to support BM-Case1 and BM-Case2 for characterization and baseline performance evaluations, where the details of BM-Case1 and BM-Case2 are mentioned below:
· 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

2.1 AI/ML for Beam Management in Spatial Domain
As mentioned above Spatial-domain BM involves DL beam prediction for Set A of beams based on measurement results of Set B of beams. Hence, naturally the questions arise on the size of Set A, Set B and the process to construct Set B from Set A. As shown in Table 2 below, during RAN1 110 meeting [2], the following agreements are made:
[bookmark: _Ref110414187]Table 1: Major Agreements on Set A and Set B in Spatial Domain BM in RAN1 110
	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



Hence, naturally the next step is to discuss and agree on a method or procedure to determine Set B from Set A, when Set B is a subset of Set A and when Set B is different from Set A
Proposal 1: For BM-Case 1, RAN1 should discuss and define a method or procedure to determine Set B from Set A, when Set B is a subset of Set A and when Set B is different from Set A.

2.2 AI/ML for Beam Management in Temporal Domain
Temporal domain beam prediction involves prediction for Set A of beams based on the historic measurement results of Set B of beams. Unlike Spatial Domain BM, in Temporal Domain BM, Set A and Set B could be same or different. If Set B is different from Set A, then similar to Spatial Domain BM, in Temporal Domain BM it is also needed to define a process for determining Set B from Set A. In RAN1 109e [2] such information is kept as FFS with the following alternatives, mentioned in Table 4 below.
[bookmark: _Ref110415648]Table 2: Major Agreements on Set B Estimation in Temporal Domain BM in RAN1 109e
	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.



Hence, to make progress in Temporal Domain BM, we believe RAN1 needs to discuss and agree on the alternative(s), from the list mentioned in Table, for AI/ML input for Temporal Domain Beam Prediction (BM-Case2). 
Proposal 2: For BM-Case 1, RAN1 should discuss and define method(s) or procedure to determine to determine Set B from Set A, when Set B is a subset of Set A and when Set B is different from Set A.

2.3 AI/ML for Beam Management in Network Side
During RAN1 109e [2] it has been agreed that the AI/ML inference could be at the network side or at the UE-side. This holds true for both Spatial Domain Beam Prediction (BM-Case1), as well as Temporal Domain Beam Prediction (BM-Case2).
Table 3: Location of AI/ML Inference 
	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



For AI/ML inference and training in the network side, details of UE’s beam-related L1-RSRP report is needed. However, currently, UE reports very limited (typically of a single beam) L1-RSRP report in details. The L1-RSRP report of the remaining beams are typically reported only as an offset difference. As L1-RSRP is the major input parameter of Beam Management for both Spatial Domain (BM-Case1) and Temporal Domain (BM-Case2) beam prediction, we think it is necessary to study on the details and advancement of UE’s beam-related L1-RSRP report for efficient beam management in the network side.
Proposal 3: RAN1 will study on the details and advancement of UE’s beam-related L1-RSRP report.
Similarly, while L1-RSRP can serve as the baseline for AI/ML input, further enhancements using UE assistance could be achieved. Additional assistance information can include beam ID, beam patterns, beam elevation, UE position, UE direction and orientation.
Proposal 4: Discussions and agreements are needed to prioritize and down-scope alternatives of UE assistance information.




2.3 AI/ML Model Output
During RAN1 110 meeting, the output of AI/ML model was discussed. Agreements are made on predicting Tx and/or Rx beam ID(s) and/or associated L1-RSRP. The major agreements are mentioned in the table below:
Table 4: Agreements regarding AI/ML model output in RAN1 110
	Agreement
[bookmark: _Hlk114998543]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))



The next thing to discuss should be the methods for selecting the N DL Tx and/or Rx beams. RAN1 needs to down-select the methods to choose the DL Tx/RX beams from the following options:
· 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)

Proposal 5: RAN1 will discuss and define the method(s) to select the top N DL Tx and/or Rx beams.

3 Conclusions
Proposal 1: For BM-Case 1, RAN1 should discuss and define a method or procedure to determine to determine Set B from Set A, when Set B is a subset of Set A and when Set B is different from Set A.
Proposal 2: For BM-Case 1, RAN1 should discuss and define method(s) or procedure to determine to determine Set B from Set A, when Set B is a subset of Set A and when Set B is different from Set A.
Proposal 3: RAN1 will study on the details and advancement of UE’s beam-related L1-RSRP report.
Proposal 4: Discussions and agreements are needed to prioritize and down-scope alternatives of UE assistance information.
Proposal 5: RAN1 will discuss and define method(s) to select the the DL Tx and/or Rx beams.
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