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Introduction
In RAN1 #109, the following agreements on enhancement of AI/ML based BM have been achieved [1].
	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.




In this contribution, we provide some discussion on enhancement of AI/ML based BM.
Spatial-domain beam prediction
Input
In RAN1 #109, the following alternatives on input for spatial domain beam prediction were agreed.
	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.



Compared to L1-RSRP, CIR can provide more channel properties. Further, for L1-RSRP and CIR, the channel estimation error may potentially lead to prediction error. Thus, L1-SINR can be considered as a complementary to provide some information on potential channel estimation or measurement error. As CIR could provide more information than L1-RSRP, the number of beams in Set B for CIR measurement could be much smaller than the number of beams for L1-RSRP measurement. Therefore, with regard to reference signal overhead, the CIR based on set B should be supported. In addition, the CIR plus L1-SINR can be considered as another alternative for further study.
From some previous evaluation, it can be observed that to achieve the same beam prediction accuracy, CIR based beam prediction requires measurement from less number of beams compared to L1-RSRP based measurement. In [2], it is shown that to achieve the same beam prediction accuracy, e.g. 70%, CIR based beam prediction requires the measurement from 1 network beam as shown in Figure 1, but L1-RSRP based beam prediction requires measurement from more than 12 network beams as shown in Figure 2. Thus with regard to the BM RS overhead, the CIR based beam prediction should be supported.


Figure 1: CIR based spatial domain beam prediction (small BM RS overhead)


Figure 2: L1-RSRP based spatial domain beam prediction (large BM RS overhead)
Proposal 1: For spatial domain beam prediction, support Alt3 (CIR based on set B).
Proposal 2: For spatial domain beam prediction, support to add CIR+L1-SINR as one alternative, where the L1-SINR can be used to reflect the interference level for the CIR measurement.
Output
For spatial domain beam prediction, the beam selection could be a classification question. Thus, the output could be the possibility for each beams to be the best beam in beam set A. Then the top N beams with the highest possibility could be assumed as the beam search space for next step beam search. Another possible way is to consider the predicted L1-RSRP as the output. However, the predicted L1-RSRP could provide the same functionality as the best beam possibility for each beam from the beam selection point of view. Thus, it could be sufficient to use the best beam accuracy as the output.
Proposal 3: For spatial domain beam prediction, support the best beam possibility for each beam in Set A as the output. 
Performance validation
For spatial domain beam prediction, performance validation is necessary. Current beam from an indicated TCI can be a reference. If none of the predicted beam(s) cannot provide better beam quality than current beam plus an offset, it can be assumed the beam prediction cannot pass the performance validation. Then, the gNB and UE may fallback to use non-AI/ML based beam selection.
Proposal 4: For spatial domain beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Time-domain beam prediction
Input
In RAN1 #109, the following alternatives on input for time-domain beam prediction were agreed.
	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.
· 



Similar to time-domain beam prediction, compared to L1-RSRP, CIR can provide more channel properties. As CIR could provide more information than L1-RSRP, the number of beams in Set B for CIR measurement could be much smaller than the number of beams for L1-RSRP measurement. Therefore, with regard to reference signal overhead, the CIR based on set B should be studied. In addition, the CIR plus L1-SINR can be considered as another alternative for further study, with regard to the potential channel estimation error for CIR.
Proposal 5: For time-domain beam prediction, support to add CIR measurement based on set B as one alternative.
Proposal 6: For time-domain beam prediction, support to add CIR+L1-SINR as one alternative, where the L1-SINR can be used to reflect the interference level for the CIR measurement.
Output
For time-domain beam prediction, similar to spatial-domain beam prediction, the beam selection could be a classification question. Thus, the output could be the possibility for each beams to be the best beam in beam set A. Then the top N beams with the highest possibility could be assumed as the beam search space for next step beam search. 
Proposal 7: For time-domain beam prediction, support the best beam possibility for each beam in Set A as the output. 
Performance validation
For time-domain beam prediction, performance validation is necessary. Current beam from an indicated TCI can be a reference for performance validation. If none of the predicted beam(s) can provide better beam quality than current beam plus an offset, it can be assumed the beam prediction cannot pass the performance validation. Thus, although gNB may provide a TCI based on the predicted beam for beam prediction, in addition to the ACK/NACK for the TCI update signaling, some additional UE feedback before the beam action time can be studied for performance validation for predicted beams.
Figure 3 shows the procedure for UE feedback on performance validation for time domain beam prediction. The UE’s movement/rotation and blockage may cause some abrupt beam change. Then the previously indicated predicted beam could get invalid. Therefore, in addition to the ACK for the TCI update signaling, before the action time for the predicted beam, UE can report some information on performance validation for the predicted beam. If the predicted beam passes the performance validation, the gNB and UE can switch to the predicted beam at the action time; otherwise, gNB can send an updated TCI indication to the UE to overwrite or withdraw the previously indicated predicted beam. 


Figure 3: UE feedback on performance validation for time domain beam prediction
Proposal 8: For time-domain beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Proposal 9:  Study UE feedback before the beam action time for performance validation for predicted beam in addition to the ACK/NACK for the TCI update signaling.
General aspects
Currently, there are two BM frameworks: Rel-17 unified TCI framework and Rel-15/Rel-18 BM framework. The Rel-17 unified TCI framework supports beam indication with lower overhead and latency, and supports inter-cell BM. The Rel-15/Rel-16 BM framework supports per channel/resource beam indication, which can provide better robustness. In addition, the Rel-15/Rel-16 BM framework is widely used in current deployment. For AI based BM, the study should be based on both Rel-17 unified TCI framework and Rel-15/Rel-16 BM framework.
Proposal 10: For AI/ML based BM, the study should be based on both Rel-17 unified TCI framework and Rel-15/Rel-16 BM framework.
In addition, currently the agreed EVM for BM is only based on FR2-1 band, i.e. 30GHz. It is unreasonable to preclude the AI/ML based BM enhancement for FR1 and FR2-2. In FR1, currently beam report and beam indication are mandatory features. In FR2-2, the gNB and UE may maintain more beams. Thus the beam management procedure could be much more complicated than FR 2-1. Therefore, the AI/ML based time/spatial domain beam prediction should be applicable for both FR1 and FR2.
Proposal 11: The study of AI/ML based BM should consider both FR1 and FR2.

Conclusion
In this contribution, we provided discussion on enhancement of AI/ML based BM. Based on the discussion, the following proposals have been achieved.
Proposal 1: For spatial domain beam prediction, support Alt3 (CIR based on set B).
Proposal 2: For spatial domain beam prediction, support to add CIR+L1-SINR as one alternative, where the L1-SINR can be used to reflect the interference level for the CIR measurement.
Proposal 3: For spatial domain beam prediction, support the best beam possibility for each beam in Set A as the output. 
Proposal 4: For spatial domain beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Proposal 5: For time-domain beam prediction, support to add CIR measurement based on set B as one alternative.
Proposal 6: For time-domain beam prediction, support to add CIR+L1-SINR as one alternative, where the L1-SINR can be used to reflect the interference level for the CIR measurement.
Proposal 7: For time-domain beam prediction, support the best beam possibility for each beam in Set A as the output. 
Proposal 8: For time-domain beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Proposal 9:  Study UE feedback before the beam action time for performance validation for predicted beam in addition to the ACK/NACK for the TCI update signaling.
Proposal 10: For AI based BM, the study should be based on both Rel-17 unified TCI framework and Rel-15/Rel-16 BM framework.
Proposal 11: The study of AI/ML based BM should consider both FR1 and FR2.
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