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1. [bookmark: _Toc120549591]Introduction
In RAN1#109-e meeting, target sub use cases for characterization and baseline performance evaluations have been determined [1], regarding aspects such as performance, complexity, potential specification impact need to be further studied. 
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
· 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.
In this contribution, we concentrate on studying spatial domain beam prediction sub use case BM-Case1 and analyze the potential specification impact.
2. Spatial domain beam prediction
In this section, the inference procedure, spec impact and model monitoring of spatial domain beam prediction sub use case BM-Case1 are discussed. 
2 
Inference procedure of spatial domain beam prediction
Model inference may happen at gNB side or UE side. To increase the prediction accuracy of Top-1 genie-aided beam, top K best beam pairs can be predicted by AI model and the best beam pair can be selected by measuring the L1-RSRP of top K best beam pairs. In agenda 9.2.3.1, option 2 of definition of beam prediction accuracy for Top-1 and/or Top-K beams is preferred [2]. On the other hand, considering that only measured RS can be used as QCL source, the measurement of the selected best beam is necessary. Thus, both sparse beam sweeping and measurement of predicted Top-K beam process need to be considered in the model inference procedure of spatial domain beam prediction. 
In the following, we describe the model inference procedure of spatial domain beam prediction at gNB/UE side.
Inference at gNB side
The model inference procedure of spatial domain beam prediction at gNB side is shown in Fig. 1. 
· Firstly, gNB transmits beam pairs in Set B, where beam pairs in Set B may be fixed or different for different UEs. The detailed configuration of beam pairs in Set B is up to gNB.
· In step 2, UE reports the index and L1-RSRP of measured beam pairs. 
· In step 3, gNB inputs L1-RSRP of measured beam pairs into AI model and outputs the index and L1-RSRP of top K best beam pairs among all beams.
· In step 4, UE measures L1-RSRP of top K best beam pairs predicted by AI model.
· In step 5, UE reports the index of transmit beam and L1-RSRP corresponding to the best beam pair.
· In step 6, gNB indicates the beam for communication afterwards.
[image: ]
Fig. 1 spatial domain beam prediction at gNB side.
Inference at UE side
The model inference procedure of spatial domain beam prediction at UE side is shown in Fig. 2. 
· Firstly, gNB transmits beam pairs in Set B, where beam pairs in Set B may be fixed or different for different UEs. 
· In step 2, UE inputs L1-RSRP of measured beam pairs into AI model and outputs index and L1-RSRP of top K best beam pairs among all beam pairs.
· In step 3, UE reports the index and L1-RSRP of predicted top K beam pairs. 
· In step 4, UE measures L1-RSRP of top K best beam pairs predicted by AI model.
· In step 5, UE reports the index of transmit beam and L1-RSRP corresponding to the best beam pair.
· In step 6, gNB indicates the beam for communication afterwards.
[image: ]
Fig. 2 spatial domain beam prediction at UE side
Specification impact
In this section, specification impact of spatial domain beam prediction at gNB/UE side is discussed.
No matter spatial domain beam prediction is performed at which side, during model training and inference phase, both gNB and UE should employ the same pre-defined method to determine the index of beam pairs so that both sides can correctly sort index of beam pairs 
Proposal 1: The same sort method of beam pairs is pre-defined so that gNB and UE have the same understanding of index of beam pairs.
Inference at gNB side
In step 2, UE may need to report the number of reception beams at UE or the index of measured beam pairs among all beams besides L1-RSRP, where the index of measured beam pairs implicitly contains the number of reception beams at UE. The number K of reported beam pairs may be larger than existing maximum number of reported beam pairs (i.e. 4).
In step 3, gNB uses the information of number of reception beams at UE or the index of measured beam pairs obtained in step 2 to correctly sort index of all beam pairs.  
In step 4, 5, 6, the existing CSI report framework and beam indication method can be reused with no specification impact. 
Above all, when model inference of spatial domain beam prediction is performed at gNB side, CSI report framework needs further enhancement.
Proposal 2: For model inference of spatial domain beam prediction at gNB side, CSI report framework needs further enhancement.
Inference at UE side
If model training is performed at gNB side and model inference is performed at UE side, an open issue is how does gNB transmit the AI model to UE. Model transferring as a general issue is suggested to be discussed in agenda 9.2.1.
In step 3, UE reports the index of top K beam pairs among all beam pairs instead of index of transmit beam. The number K of reported beam pairs may be larger than existing maximum number of reported beam pairs (i.e. 4). Thus, CSI report framework needs further enhancement.
In step 4, 5, 6, the existing CSI report framework and beam indication method can be reused with no specification impact. 
Similar as spatial domain beam prediction at gNB side, CSI report framework needs further enhancement.
Proposal 3: For model inference of spatial domain beam prediction at UE side, CSI report framework needs further enhancement.
Model monitoring
Model monitoring can identify model performance degradation in time and perform model updating/switching/fallback to guarantee comparatively good system performance, which is important for model lifecycle management. 
For spatial domain beam prediction sub use case BM-Case1, model monitoring performance metric needs to be determined, e.g. beam prediction accuracy related KPI can be reused as model monitoring performance metric.
The procedure for model monitoring at gNB and UE side needs further discussion. When model monitoring is performed at gNB side, the signalling for obtaining/calculating model monitoring performance metric and indicating model updating/switching/fallback needs further enhancement. When model monitoring is performed at UE side, the signalling for reporting model monitoring performance metric and requesting model updating/switching/fallback needs further enhancement.
Proposal 4: For model monitoring of spatial domain beam prediction, model monitoring performance metric needs to be determined, the signalling for obtaining/reporting model monitoring performance metric and indicating/requesting model updating/switching/fallback needs further enhancement.
1 
3. Conclusion
In this contribution, model inference procedure, spec impact and model monitoring of spatial domain beam prediction sub use case BM-Case1 are discussed, and the following proposals are made.
Proposal 1: The same sort method of beam pairs is pre-defined so that gNB and UE have the same understanding of index of beam pairs.
Proposal 2: For model inference of spatial domain beam prediction at gNB side, CSI report framework needs further enhancement.
Proposal 3: For model inference of spatial domain beam prediction at UE side, CSI report framework needs further enhancement.
Proposal 4: For model monitoring of spatial domain beam prediction, model monitoring performance metric needs to be determined, the signalling for obtaining/reporting model monitoring performance metric and indicating/requesting model updating/switching/fallback needs further enhancement.
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