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Introduction
In the SID [1], three use cases are included as initial set of use cases for AI/ML for NR air interface. 
Use cases to focus on: 
· Initial set of use cases includes: 
· CSI feedback enhancement, e.g., overhead reduction, improved accuracy, prediction [RAN1]
· Beam management, e.g., beam prediction in time, and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement [RAN1]
· Positioning accuracy enhancements for different scenarios including, e.g., those with heavy NLOS conditions [RAN1] 
· Finalize representative sub use cases for each use case for characterization and baseline performance evaluations by RAN#98
· The AI/ML approaches for the selected sub use cases need to be diverse enough to support various requirements on the gNB-UE collaboration levels
1. 
2. 
3. 
4. 

For beam management, two sub-use cases were agreed. In this contribution, we discuss on these BM sub-use cases.

Discussion
Spatial domain DL beam prediction (BM-Case1)
For BM-Case1, the following conclusion on the relation between Set A and Set B was made as a further study point in RAN1#109e meeting. 
	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.



And then, in RAN1#110 meeting, it was agreed to support both alternatives for further 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.



Regarding the AI/ML model input and output for BM-Case1 (and for BM-Case2), there had been some agreements in previous meetings, as captured below:
	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.

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




For the listed AI/ML inputs, we think that Alt2 is reasonable since UE AI/ML may not be able to do anything for Set A without any assistant information about the relation between Set A beams and Set B beams. Note that the DL beams of DL resources is totally transparent to UE currently. In the case that Set B is a subset of Set A, for example, UE has no idea about the beams included in Set A but not in Set B since there may be no live measurement on those beams and no additional information from NW neither. On Alt2, on the other hand, it is hard to express exact beam shape in a standard form since beam implementation would be different across different vendors, across different product models of a vendor, hardware form factors, etc. Beam boresight direction could be expressed in a standard form but ‘relative’ information between Set A and Set B may be sufficient. For example, Set A beams can be represented as a linear combination of Set B beams or Set A/B beams can be represented on a 2D/3D coordinate.
On the listed AI/ML outputs, we see similar issues on the beam ID based approaches (i.e. Alt1 and Alt2) because UE has no idea on the relation between beam IDs if there is no assist information from NW. Alt3 (i.e. beam angle) also has an issue since it is ambiguous how the angle can be defined/measured on which axis. 
Proposal #1: For the UE AI/ML input, Alt2 can be considered. For the assist information for input, output, training, and inference, relation between Set A beams and Set B beams should be provided to UE. In this regard, Set A beams can be represented as a linear combination of Set B beams or Set A/B beams can be represented on a 2D/3D coordinate.
Based on discussion in previous meetings, companies seem to have different assumption on Set A beam availability to UE. In our view, it should be assumed that measurements of Set A beams are not available or is available but can be outdated at UE side, and UE is not expected to manage a good Rx beam for each of the Set A beams. If this assumption is broken, we expect negligible or no gain with SD beam prediction due to the increased RS and BM overhead.
Proposal #2: It should be assumed that measurements of Set A beams are not available or is available but can be outdated at UE side, and UE is not expected to manage a good Rx beam for each of the Set A beams.
When assistance information is given, another issue would be how to determine Set A. The size of Set A would impact UE complexity and feedback overhead, so it needs to be maintained in a reasonable size. Assuming that potential beams for Set A are measurable with a periodicity much longer than that of Set B beams, UE assistance/reporting for Set A can be considered.
Proposal #3: Consider UE assistance/reporting for determining Set A, e.g. UE to report preferred Set A among candidate beams of Set A.
With regard to AI/ML model inference, the following agreements were made.
	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
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


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



For UE-sided models, predicted beam(s) can be reported to NW. Regarding the FFS point of predicted L1-RSRP, we think that the information is useful for NW to compare beam quality of multiple UEs and/or multiple beams of a same UE. In addition, it is aligned with current beam reporting format. For reporting the predicted beam(s), we should avoid using beam ID since Set A beams may not always available at UE side as we discussed and proposed previously. Thus, the reported beam(s) should be represented from Set B beams, e.g. LC coefficients with corresponding beam IDs.
Proposal #4: For UE-sided models, support predicted L1-RSRP reporting together with beam information for NW to compare beam quality of multiple UEs and/or multiple beams of the same UE.
Proposal #5: For UE-sided models, the reported beam(s) that is based on the output of AI/ML model inference should be represented based on Set B beams of which UE can measure and maintain its Rx beam.
For NW-sided models, more than 4 beam report from UE can be beneficial. In addition to the beam reporting enhancement, beam indication enhancement should also be considered. Similar to the observation/discussion previously, UE can measure and maintain its Rx beam only for Set B beams, and not for Set A beams. Thus, beam indication should also be based on Set B beams.
Proposal #6: For NW-sided models, in addition to beam reporting enhancements, beam indication enhancement should be considered that TCI/QCL RS should be represented based on Set B beams of which UE can measure and maintain its Rx beam.

Temporal DL beam prediction (BM-Case2)
Temporal beam prediction (BM-Case2) would be promising AI/ML application. If UE mobility is predictable by NW, it can save UE beam reporting overhead and reduce the delay of beam measurement and reporting at UE side. If UE can predict best beam(s) in the future, UE can report the beam(s) to NW so that NW can use non-outdated beam(s) for the UE, which would improve link throughput especially for high mobility UE, e.g. high-speed train. 
For BM-Case2, the following conclusion and agreement on the relation between Set A and Set B had been made in previous meetings. 
	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

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.



Among the listed three Alts for the relation between Set A and Set B, Alt 1 and Alt2 would mean to perform SD prediction and TD prediction jointly. Alt1 and Alt2 have a potential to provide larger performance benefit in terms of overhead reduction compared to Alt3. However, it should be the next step after observing the feasibility and performance gain of TD prediction approach. Thus, performances of BM-Case1 and BM-Case2 need to be observed separately. Thus, we propose the following.
Proposal #7: For the relation between Set A and Set B of BM-Case2, start from Alt3 to see the feasibility and performance gain of pure TD prediction as an independent approach as SD prediction. After studying this, joint SD and TD prediction (i.e. Alt1 and Alt2) can be studied as a next step.
With respect to AI/ML model inference with BM-Case2, the following agreement was made.
	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



For UE-side AI/ML models, UE can collect input data for beam prediction from UE sensors, DL measurements, etc. So, if UE-side AI/ML works well for beam prediction with its own data, predicted DL beam information can be reported to NW. In this case, a new reporting mode needs to be defined in specification since reporting quantity of the predicted DL beam can be different from reported DL beam by legacy beam reporting. Regarding the first bullet, we can consider whether UE to report beam(s) for each time instance or beam(s) for the time duration, i.e. from the first time instance to the last time instance, in order to reduce UCI payload. In addition, it should be considered that UE to report the beam(s) of current time instance as well as the N future time instance(s) for fallback operation, e.g. for when UE AI/ML model performance is not good enough.
Proposal #8: For the beam reporting of N future time instance(s), consider UE to report beam(s) for each time instance or beam(s) for the time duration, i.e. from the first time instance to the last time instance.
Proposal #9: For fallback operation, it should be considered that UE to report the beam(s) of current time instance as well as the N future time instance(s).
Regarding the FFS on predicted L1-RSRP, we support reporting this value with the same reason discussed in the previous section. In case of N>1, information on time-variation of L1-RSRP can also be included in the report for helping intra-/extra-polation at NW side.
Proposal #10: Support predicted L1-RSRP report together with beam(s). In case of N>1, information on time-variation of L1-RSRP can also be included in the report for helping intra-/extra-polation at NW side. 
Regarding the third bullet, it is possible for UE to decide and report the time stamp(s). In addition, it can also be considered that NW indicates timestamp(s) for the predicted beam(s).
Proposal #11: Consider NW to indicate timestamp(s) for the predicted beam(s).
For NW-side AI/ML models, NW can use its own measurement as training/validation/testing dataset for AI/ML model. In addition, beam related UE reporting quantity can be used as input parameter for the AI/ML model. For example, legacy beam reporting and/or CSI reporting can be used as input or assist data for NW-side AI/ML model to predict future DL beams. Also, positioning related UE reporting can also be used for DL beam prediction, since UE position is highly related with DL beam to be served for the UE. Additional UE reporting can also be considered for improving the DL beam prediction performance. For example, UE data attained from sensors such as velocity, orientation, or rotation can be reported and used as input for the NW-side AI/ML model. Also, more refined or detailed beam reporting, e.g., tendency/variance of best N beam(s) and/or past/present best N beam(s) per time stamp, can be considered, which can also be used as input data for NW-side AI/ML model. In addition to the UE reporting, enhancements on beam indication can also be considered. For example, in UE group based mobility scenarios like UEs in a train or bus, NW-side AI/ML could predict future beam for the group of UEs so that NW may indicate multiple beams for multiple time instances for one or multiple group(s) of UEs.
Proposal #12: For NW-sided AI/ML in BM-Case2, consider enhancements on UE reporting and beam indication.

LCM aspect
For model monitoring and LCM, the following agreements were made.
	
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.



Among the three alternatives for UE-side AI/ML model, Alt1 should be supported as intensively discussed in our companion contribution [2]. UE can perform model monitoring, e.g. based on input/output data distribution, applicable condition, etc. by itself, and make decision of model selection/activation/ deactivation/switching/fallback operation.
Proposal #13: For UE-sided AI/ML model, Alt1(UE-side model monitoring) should be supported.
For the NW-side model monitoring for a network-side AI/ML model of BM-Case1 and BM-Case2, some companies proposed that UE reporting based on Set A can be used. This approach can be considered but with an assumption that measurement and reporting on Set A or potential beams of Set A should happen rarely, e.g. with tens or hundreds longer periodicity than that of Set B beams.
Proposal #14: For NW-sided model monitoring, UE reporting based on Set A can be considered but with an assumption that measurement and reporting on Set A or potential beams of Set A shall happen rarely.

Conclusion
In this contribution, we provided our view on the potential use cases and specification impact on AI/ML for beam management and the followings are proposed.
Proposal #1: For the UE AI/ML input, Alt2 can be considered. For the assist information for input, output, training, and inference, relation between Set A beams and Set B beams should be provided to UE. In this regard, Set A beams can be represented as a linear combination of Set B beams or Set A/B beams can be represented on a 2D/3D coordinate.
Proposal #2: It should be assumed that measurements of Set A beams are not available or is available but can be outdated at UE side, and UE is not expected to manage a good Rx beam for each of the Set A beams.
Proposal #3: Consider UE assistance/reporting for determining Set A, e.g. UE to report preferred Set A among candidate beams of Set A.
Proposal #4: For UE-sided models, support predicted L1-RSRP reporting together with beam information for NW to compare beam quality of multiple UEs and/or multiple beams of a same UE.
Proposal #5: For UE-sided models, the reported beam(s) that is based on the output of AI/ML model inference should be represented based on Set B beams of which UE can measure and maintain its Rx beam.
Proposal #6: For NW-sided models, in addition to beam reporting enhancements, beam indication enhancement should be considered that TCI/QCL RS should be represented based on Set B beams of which UE can measure and maintain its Rx beam.
Proposal #7: For the relation between Set A and Set B of BM-Case2, start from Alt3 to see the feasibility and performance gain of pure TD prediction as an independent approach as SD prediction. After studying this, joint SD and TD prediction (i.e. Alt1 and Alt2) can be studied as a next step.
Proposal #8: For the beam reporting of N future time instance(s), consider UE to report beam(s) for each time instance or beam(s) for the time duration, i.e. from the first time instance to the last time instance.
Proposal #9: For fallback operation, it should be considered that UE to report the beam(s) of current time instance as well as the N future time instance(s).
Proposal #10: Support predicted L1-RSRP report together with beam(s). In case of N>1, information on time-variation of L1-RSRP can also be included in the report for helping intra-/extra-polation at NW side. 
Proposal #11: Consider NW to indicate timestamp(s) for the predicted beam(s).
Proposal #12: For NW-sided AI/ML in BM-Case2, consider enhancements on UE reporting and beam indication.
Proposal #13: For UE-sided AI/ML model, Alt1(UE-side model monitoring) should be supported.
Proposal #14: For NW-sided model monitoring, UE reporting based on Set A can be considered but with an assumption that measurement and reporting on Set A or potential beams of Set A shall happen rarely.


Reference
[1] RP-213599, “New SI: Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface”, Qualcomm
[2] R1-2211866, General aspects on AI/ML framework, LG Electronics
1

