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Introduction
In the new WID on AI/ML for NR air interface [1], objectives for beam management were listed as below.
	· Beam management - DL Tx beam prediction for both UE-sided model and NW-sided model, encompassing [RAN1/RAN2]:
· Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams (“BM-Case1”)
· Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams (“BM-Case2”)
· Specify necessary signalling/mechanism(s) to facilitate LCM operations specific to the Beam Management use cases, if any
· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE 
NOTE: Strive for common framework design to support both BM-Case1 and BM-Case2 



In this contribution, we discuss enhancements on AI/ML for beam management. Specifically, we provide our view on specification support for spatial domain beam prediction, temporal domain beam prediction, LCM operations for beam management, and consistency between training and inference.

Discussion
In the last meeting, followings were agreed for AI/ML for beam management.
	Agreement
For NW-sided model, for inference, in a beam report initiated by network, based on one measurement resource set, support the report of more than 4 beam related information in L1 signaling
· Note: Purpose, such as above “For NW-sided model, for inference”, will not be specified in RAN 1 specifications
· FFS on the report content for beam related information 
· FFS on max number of reported beam related information in one report 

Agreement
For UE-sided model, at least for BM-Case1, for content in the report of inference results, support 
· Opt 1: Beam information on predicted Top K beam(s) among a set of beams
· Opt 2: Beam information on predicted Top K beam(s) among a set of beams and RSRP of predicted Top K beam(s) among a set of beams
· At least K=1 and more, FFS on max value
· FFS on beam information 
· FFS on the definition of predicted Top K beam(s)
· FFS on definition of reported RSRP when applicable
· FFS on other information in the report with potential down selection among the following options 
· Opt 3: Beam information on predicted Top K beam(s) among a set of beams and probability information of predicted Top K beam(s) among a set of beams
· FFS on the quantization method of probability information
· Probability information is the probability of the beam to be the Top 1 or Top K beam
· Opt 4: Beam information on predicted Top K beam(s) among a set of beams, RSRP of predicted Top K beam(s) among a set of beams, and confidence information of the RSRP
· FFS on definition of reported RSRP 
· FFS on the definition and quantization method of confidence information
· Other options are not precluded.
where the set of beams is Set A, i.e., the beams for UE prediction.

Agreement
· For NW-sided model and for UE-sided model, beam indication is based on unified TCI state framework
· FFS on whether/how potential enhancement is needed

Conclusion
For UE sided model at least for inference, for measurement, the configuration of Set B, 
· take the current CSI framework as the starting point



Data collection
NW-sided AI/ML model
For NW-sided AI/ML model, UE measurement/reporting should be accompanied for data collection for training/inference/monitoring. In this section, we discuss specification support regarding data collection for NW-sided AI/ML in case of spatial domain DL Tx beam prediction and temporal DL Tx beam prediction.
For NW-sided AI/ML models, more than 4 beam report from UE would be beneficial for NW-side data collection for training/inference/monitoring. In the last meeting, L1 reporting for more than 4 beam related information for inference was agreed. In our view, considering huge amount of training data, L1 reporting may not be the proper solution for data collection for training due to higher UCI payload size and congestion of PUCCH transmission. So, higher-layer based beam measurement collection procedure for more than 4 beams can be further considered for data collection procedure as 3GPP has similar measurement collection features, e.g., for Minimization of Drive Tests (MDT). However, this can be further discussed/specified in RAN2 not in RAN1. We suggest that RAN1 should focus on RAN1 solution such as L1 reporting for more than 4 beam related information for inference.

Proposal #1: For data collection, RAN1 to focus on inference aspects, and it is up to RAN2 to specify higher-layer based approach for data collection for training.

For NW-sided AI/ML models, NW can use its own measurement, e.g., via receiving SRS, 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. Especially for temporal DL Tx beam prediction, for example, legacy beam reporting and/or CSI reporting can be used as input or assistance information for NW-sided 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 to DL beam to be served for the UE. Additional UE reporting can also be considered for improving the DL Tx beam prediction performance. For example, UE data attained from sensors such as velocity, orientation, or rotation can be formatted to a non-proprietary information and reported to NW so that it can be 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.

Proposal #2: For NW-sided AI/ML in temporal DL Tx beam prediction, support the following UE reporting enhancements for data collection:
· Past/present best N beam(s) per time stamp
· Tendency/variance of best N beam(s)

UE-sided AI/ML model
For UE-sided AI/ML model, beam measurement for Set A can be configured for UE to collect training data, and beam measurement/report for Set B can be configured for UE to collect input data for inference. In this section, we discuss specification support regarding data collection for UE-sided AI/ML in case of spatial domain DL Tx beam prediction. For the case of temporal DL Tx beam prediction, multiple instance of Set A/B beam measurement can be used for training/inference data collection.
Regarding the data collection, a UE can report the supported size of Set A/B via UE capability. In addition, if assistance information on DL RS is provided to the UE, the UE can select/report preferred Set A among a candidate RS set for Set A to NW in order to maintain UE complexity for prediction and feedback overhead within a reasonable level. Assuming that potential beams for Set A are measurable with a periodicity much longer than that of Set B beams, UE assistance/reporting for determining Set A can be considered.

Proposal #3: Support reporting of UE assistance information for determining Set A, e.g., UE to report preferred Set A among candidate beams of Set A.

For efficient beam measurement/reporting procedure for data collection, it is also considerable to extend Rel-18 NES CSI reporting framework into BM. In Rel-18 NES, a CSI-ReportConfig can contain a list of sub-configurations, UE can report CSI regarding one or more sub-configurations for the CSI-ReportConfig. Currently, beam reporting is not supported for this sub-configuration based CSI reporting but for flexible beam report on varying Set B, it is considerable to extend this framework to BM. For this, each sub-configuration, i.e., Set B, may correspond to different Set A on which UE needs to predict beam(s).

Proposal #4: Consider extending sub-configuration based Rel-18 NES mechanism for Set B beam measurement and reporting.

Inference
NW-sided AI/ML model
For NW-sided AI/ML model, Set B beams should be measured/reported by UE for inference. In this section, we discuss specification support regarding inference for NW-sided AI/ML in case of spatial domain DL Tx beam prediction and temporal domain DL Tx beam prediction.
In the last meeting, it was agreed to support L1 reporting for more than 4 beam related information. Regarding the FFS on report content for beam related information, RSRP should be reported for Set B beam measurement and report. Regarding corresponding beam ID reporting, it is still controversial whether to report beam ID related information or not. There are two different alternatives not to report beam ID on L1 reporting for more than 4 beam related information. The first is for UE to report only RSRP values where beam IDs can be implicitly reported by order of reported RSRP values. And, the second is for UE to report beam pattern/group ID or bitmap for beam ID information [2][3], where reported beam IDs can also be implicitly indicated by beam pattern/group ID or bitmap for beam ID information which represents specific subset of Set B beams. In our view, regarding the first alternative UE should always report the entire Set B beams without omission in order to implicitly indicate beam IDs from the sorted RSRP values. However, in this case, beam information with very low RSRP values does not improve performance of AI/ML model inference, but only consumes UCI payload. Thus, it may not be critical to support such reporting mode which could be understood as an extreme case of beam ID + RSRP reporting mode. Also, regarding the second alternative, the main purpose is to report preferable subset of Set B from UE side with less overhead compared to legacy CRI/SSBRI report mechanism. However, similar functionality can be achieved by sub-configuration based approach, which is simple extension of Rel-18 NES CSI reporting framework into BM as discussed in the previous section 2.1.2. In this approach, we can still use legacy beam reporting framework. In addition, more than 4 beam related L1 reporting can be used not only for inference but also for other purposes, e.g., performance monitoring. Therefore, explicit indication of beam ID could be beneficial in order to support flexible usage of the report. Lastly, more than 4 beam related L1 reporting may also be exploited for legacy non-AI/ML beam management, such that it has benefit to align the report content with legacy beam reporting for NW to compare best DL Tx beams with corresponding L1-RSRP values. So, we propose to support CRI/SSBRI + L1-RSRP for the report content in more than 4 beam related L1 reporting.

Proposal #5. Regarding the report of more than 4 beam related information in L1 signaling, support CRI/SSBRI+L1-RSRP for the report content as legacy.

For NW-sided AI/ML models, spatial domain predicted beam on Set A can be found from inference output, and this beam can be used as gNB Tx beam for later transmission. In the last meeting, it was agreed that beam indication is based on unified TCI state framework. To align UE Rx beam for the newly found gNB Tx beam based on AI/ML prediction model, gNB needs to inform UE about the Tx beam, i.e., via TCI indication for UE to determine its Rx beam. In case of ‘beam indication of beams in Set A not in Set B’, UE can measure and maintain its Rx beam only for Set B beams, and it is practically not possible for all the Set A beams. Of course, NW may ensure transmission of non-outdated Set A beams for the UE, e.g., aperiodically for UE to find Rx beam for it but this approach requires extra RS overhead for transmitting Set A beams and extra delay/latency on beam application. Note that in RAN4 specification, different TCI application delay values are defined for known TCI and unknown TCI, respectively. For unknown TCI, it was RAN4’s assumption that there should be aperiodic beam RS transmission for P-3 (Rx beam refinement) before the TCI application, resulting in much larger delay value for the unknown TCI. Thus, it is much better to perform beam indication based on Set B beams, not Set A beams. Since one beam from Set A can be in a middle point of multiple Set B beams from boresight beam angle perspective, we may consider indicating the multiple neighboring beam IDs from Set B for indicating a beam from Set A for helping the UE to find an Rx beam for the Set A beam. How to find the Rx beam would be up to UE implementation e.g., via a composite/combined Rx beam for the resources or selecting an Rx beam from known optimal Rx beam for each of the resource.

Observation #1: In case of ‘beam indication of beams in Set A not in Set B’, it is practically not possible for UE to measure and maintain its Rx beam for all the Set A beams. So, for beam indication, TCI/QCL RS should be based on Set B beams of which UE can measure and maintain its Rx beam.
Proposal #6: In order to indicate one beam in Set A not in Set B, support indicating multiple neighboring beams from Set B for helping UE to find its Rx beam for the Set A beam.

For inference in case of temporal DL Tx beam prediction, NW can indicate temporal predicted beam to UE as a form of TCI indication. For higher efficiency, multi-TCI indication can be considered where each TCI corresponds to different time duration. In addition, future TCI indication with broadcast/multicast signaling can also be considered to reduce beam indication signaling overhead further.

UE-sided AI/ML model
For UE-sided AI/ML model, UE can be configured to measure Set B beams and report predicted Set A beams. In this section, we discuss specification support regarding inference for UE-sided AI/ML in case of spatial domain DL Tx beam prediction and temporal domain DL Tx beam prediction.
For UE-sided AI/ML models, it should be noted that the DL Tx beams applied to DL resources are totally transparent to UE by current specification. 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 recent measurement on those beams and no additional information from NW neither. According to the conclusion made in RAN1#112, on the other hand, providing explicit information about NW-side beam shape to UE is failed to achieve consensus due to the issues on vendor-specific proprietary information. In order to meet these competing demands, we can consider approaches where information of Set A/Set B beams are represented in a logical domain/space which may provide ‘relative’ information between beams. For an example, NW may provide 2D/3D coordinate information about Tx beam boresight direction, e.g. (x1, y1, z1) for RS#a, (x2, y2, z2) for RS#b, where the coordinate axes may be decided by NW implementation (i.e., not necessarily same as global coordinate axes) or may be defined in a logical space so that it does not provide ‘physical’ implementation of beams, rather it is about ‘relative’ Tx beam angle difference of RSs comprising Set A and/or Set B. For another example, Set A beams can be represented as a linear combination of Set B beams, analogous to type-II CSI codebook.

Proposal #7: For the UE AI/ML model training and inference, assistance information on relation/association between Set A beams and Set B beams should be provided to UE. To represent beams in Set A and/or Set B while preserving sensitive proprietary information, consider following exemplary methods:
· Set A beams are represented by linear combining coefficients of Set B beams
· Tx beam directions are represented as ordered numbers on a 2D or 3D coordinate

In the last meeting, two options were agreed to support predicted beam reporting from UE-sided AI/ML. Option 1 is to report beam information on predicted Top K beam(s) among Set A beams and Option 2 is to report beam information on predicted Top K beam(s) among Set A beams and corresponding RSRP values. Option 1 is suited design for AI/ML classification model, so that the definition of predicted Top K beam(s) in Option 1 can be “the beam(s) classified as Top K beam(s) in Set A”. On the other hand, Option 2 is mainly for AI/ML regression model so the definition of predicted Top K beam(s) in case of Option 2 can be “the beam(s) corresponding to the K-th highest predicted RSRP value in Set A” and naturally the definition of reported RSRP value can be “the predicted RSRP value”. Predicted RSRP value is useful for NW to compare beam quality of multiple UEs and/or multiple beams of a same UE. The max number of K can be 4 as legacy beam reporting, in order to have sufficient flexibility for NW to choose optimal predicted Set A beam for beam indication in consideration of intra/inter-cell interference circumstance. Lastly, regarding beam information, considering the case that predicted beam is in Set A but not in Set B, predicted Set A beams can be represented by linear combining coefficients of Set B beams or represented as ordered numbers on a 2D or 3D coordinate if Set A is not explicitly configured to UE. If it is configured to UE, relation/association information between Set A beams and Set B beams should also be provided to UE.
In addition to above two options, option 3 and option 4 need further discussion. For temporal DL Tx beam prediction, time-variation of predicted RSRP can also be considered to be included in the report for helping intra-/extra-polation at NW side. For the predicted beam report with RSRP, one challenge would be how NW can rely on the reported beam ID and/or RSRP value. This issue could be addressed by option 3 and option 4 if UE reports confidence/probability information about the predicted Set A beam(s). It is also beneficial for temporal DL Tx beam prediction, since NW can choose future predicted beam with higher confidence/probability, for beam indication. For this information, it needs to be clarified whether the confidence/probability is calculated per model/functionality, per report, per time instance, or per report parameter (e.g., predicted beam ID, predicted RSRP).

Proposal #8: For supported Option 1 and Option 2, support K=4 for the max value.
· Considering the case that predicted beam is in Set A but not in Set B, reported beam information can be based on the relation/association between Set A beams and Set B beams
Proposal #9: For temporal DL Tx beam prediction, information on time-variation of RSRP can also be included in the report.
Proposal #10: For predicted RSRP report, confidence/probability information may be helpful for NW to decide whether/how to use the reported RSRP. Further study whether the information is per model/functionality, per report, per time instance, or per report parameter.
Proposal #11: For temporal DL Tx beam prediction with UE-sided models, following beam reporting enhancements can be considered:
· Report of beam(s) for each future time instance or beam(s) for a time duration, i.e., from the first time instance to the last time instance
· Report of beam(s) for current time instance for fallback operation
· Report of timestamps by UE or NW to indicate timestamps

If UE measures Set B beams and calculates AI/ML-based predicted Set A beams, UE can report predicted Set A beams via CSI-ReportConfig associated with the Set B beams. For this report, actual Set A measurement(s), e.g., for performance monitoring purpose, can be additionally reported as well as the predicted beam on Set A, and this actual Set A measurement can be reported with a periodicity much longer than that of predicted Set A beams. In the case that performance is monitored by UE, information related to performance monitoring output can be reported by UE instead of the actual Set A measurement.

Proposal #12: For UE-sided model inference, consider reporting of performance monitoring related information such as actual Set A measurement or performance monitoring output/result together with predicted beam information on Set A, where the performance monitoring related information may be reported with longer periodicity.

AI/ML Model performance monitoring
NW-sided AI/ML model
When it comes to NW-sided AI/ML model, NW needs to compare predicted Set A beams and actual Set A beams for AI/ML model monitoring. This can be achieved via UE reporting of actual Set A beam measurement(s) as mentioned in Section 2.2.2. NW can maintain performance of AI/ML model by model switching/activation/deactivation/fallback from its own determination and UE-transparently.

UE-sided AI/ML model
In SI phase, multiple options for performance monitoring of UE-side AI/ML model have been studied. Among these, we prefer UE to control/monitor UE-sided model as baseline. UE can perform model performance 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. For performance monitoring, request or report from UE to NW may be considered, e.g., to check and compare predicted RSRP with actual L1-RSRP from Set A beam measurement. If calculated performance metric at UE side derived from comparing predicted RSRP with actual L1-RSRP from Set A beam measurement is under a threshold, UE can report the result of performance monitoring to NW as event-triggered basis similar to existing BFR mechanism, which may be more efficient in terms of power consumption and signaling overhead compared to the periodic reporting based performance monitoring. When there is an issue on current AI/ML performance, UE cannot provide reliable and useful information about the SD/TD predicted beam to NW so UE behavior in this case should be taken into account, e.g., fallback to legacy beam report, holding the report for a while, etc.

Proposal #13: Support event-triggered UE reporting for UE-sided AI/ML performance monitoring.

Consistency between training and inference
Four alternative ways to ensure consistency between training and inference have been identified during the SI phase [2]. Among these, we prefer to maintain functionality-based framework for one-sided models as legacy, and use the following two approaches together,
1. Providing information to assist UE training/inference
· Proprietary information such as antenna layout and beamforming coefficients should be kept hidden
2. Performance monitoring of functionality(ies) 
For the second approach, necessary specification impacts have already been discussed in previous sections. It is also considerable to consider performance monitoring of functionality(ies) related to inactive model(s).
For the first approach, the relation between Set A and Set B needs to be provided to UE as discussed in section 2.1.2. In addition, current NR specification does not guarantee UE that a same Tx beam will be maintained over different transmission instances of a same NZP CSI-RS resource. For example, NW may change its Tx beam for a periodic NZP CSI-RS resource in different transmission instance. For an aperiodic CSI-RS resource, it is also possible that NW changes its Tx beam for the resource when triggering it in different time instance. One may think that QCL information can be used for this purpose but we should note that QCL relation is provided for helping UE to set up its spatial ‘Rx’ parameter. Thus, NW is free to apply different Tx beam in different transmission instance as long as the beams are not quite different, i.e., UE side performance will not be critically degraded if it uses a same Rx beam. For example, two NZP CSI-RS resources having different Tx beam boresight directions can be QCLed with the same SSB resource with wider beam-width and the Tx beam directions for the two resources can even be changed over time as long as the QCL relation is not broken. 

Observation #2: In current specification, UE cannot assume that Tx beam applied for a NZP CSI-RS resource will be unchanged in different transmission instances.

With above observation, it is a practical issue that UE-side AI/ML model can be malfunctioning for training and inference if UE assumes that a resource ID is the same as a Tx beam ID but NW updates its Tx beam for the resource. In addition, NW may apply the same Tx beam to different NZP CSI-RS resources. In current specification, this information is provided to UE only for UE Rx beam refinement operation, i.e., repetition for a CSI-RS resource set is set to ’ON’. For UE-side AI/ML operation, this information, i.e., application of the same Tx beam over different NZP CSI-RS resources, will be very useful for training and inference. Based on above analysis, the following proposal is made.

Proposal #14: For data collection at UE-sided AI/ML model, it should be studied on how to ensure the same Tx beam for different transmission instances of same or different CSI-RS resources.

Conclusion
In this contribution, we have discussed enhancements on AI/ML for beam management, and provided the following proposals.

Observation #1: In case of ‘beam indication of beams in Set A not in Set B’, it is practically not possible for UE to measure and maintain its Rx beam for all the Set A beams. So, for beam indication, TCI/QCL RS should be based on Set B beams of which UE can measure and maintain its Rx beam.
Observation #2: In current specification, UE cannot assume that Tx beam applied for a NZP CSI-RS resource will be unchanged in different transmission instances.
Proposal #1: For data collection, RAN1 to focus on inference aspects, and it is up to RAN2 to specify higher-layer based approach for data collection for training.
Proposal #2: For NW-sided AI/ML in temporal DL Tx beam prediction, support the following UE reporting enhancements for data collection:
· Past/present best N beam(s) per time stamp
· Tendency/variance of best N beam(s)
Proposal #3: Support reporting of UE assistance information for determining Set A, e.g., UE to report preferred Set A among candidate beams of Set A.
Proposal #4: Consider extending sub-configuration based Rel-18 NES mechanism for Set B beam measurement and reporting.
Proposal #5. Regarding the report of more than 4 beam related information in L1 signaling, support CRI/SSBRI+L1-RSRP for the report content as legacy.
Proposal #6: In order to indicate one beam in Set A not in Set B, support indicating multiple neighboring beams from Set B for helping UE to find its Rx beam for the Set A beam.
Proposal #7: For the UE AI/ML model training and inference, assistance information on relation/association between Set A beams and Set B beams should be provided to UE. To represent beams in Set A and/or Set B while preserving sensitive proprietary information, consider following exemplary methods:
· Set A beams are represented by linear combining coefficients of Set B beams
· Tx beam directions are represented as ordered numbers on a 2D or 3D coordinate
Proposal #8: For supported Option 1 and Option 2, support K=4 for the max value.
· Considering the case that predicted beam is in Set A but not in Set B, reported beam information can be based on the relation/association between Set A beams and Set B beams
Proposal #9: For temporal DL Tx beam prediction, information on time-variation of RSRP can also be included in the report.
Proposal #10: For predicted RSRP report, confidence/probability information may be helpful for NW to decide whether/how to use the reported RSRP. Further study whether the information is per model/functionality, per report, per time instance, or per report parameter.
Proposal #11: For temporal DL Tx beam prediction with UE-sided models, following beam reporting enhancements can be considered:
· Report of beam(s) for each future time instance or beam(s) for a time duration, i.e., from the first time instance to the last time instance
· Report of beam(s) for current time instance for fallback operation
· Report of timestamps by UE or NW to indicate timestamps
Proposal #12: For UE-sided model inference, consider reporting of performance monitoring related information such as actual Set A measurement or performance monitoring output/result together with predicted beam information on Set A, where the performance monitoring related information may be reported with longer periodicity.
Proposal #13: Support event-triggered UE reporting for UE-sided AI/ML performance monitoring.
Proposal #14: For data collection at UE-sided AI/ML model, it should be studied on how to ensure the same Tx beam for different transmission instances of same or different CSI-RS resources.
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