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Introduction
RAN #102 meeting approved the Rel-19 WI on AI/ML for NR Air Interface [RP-234039] and RAN #103 meeting provided the revised WID [RP-240774], based on the AI/ML techniques to NR air interface that has been studied in FS_NR_AIML_Air [TR 38.843]. In this contribution, we discuss the enhancements related to AI/ML for beam management and the work item objectives related to the beam management use case are as follows, 
	Objectives in RP-234039
Provide specification support for the following aspects:
· AI/ML general framework for one-sided AI/ML models within the realm of what has been studied in the FS_NR_AIML_Air project [RAN2]:
· Signalling and protocol aspects of Life Cycle Management (LCM) enabling functionality and model (if justified) selection, activation, deactivation, switching, fallback
· Identification related signalling is part of the above objective 
· Necessary signalling/mechanism(s) for LCM to facilitate model training, inference, performance monitoring, data collection (except for the purpose of CN/OAM/OTT collection of UE-sided model training data) for both UE-sided and NW-sided models
· Signalling mechanism of applicable functionalities/models

· 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
….… text omitted ...



UE-sided BM-Case1 & BM-Case 2
Inference Operation
[bookmark: _Ref158827947]Reporting of beam prediction  
	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




For model inference related operations with a UE-sided model, RAN1 concluded during RAN1#116 meeting the use of NR beam measurement and reporting frameworks (legacy CSI measurement and reporting configuration frameworks). In this perspective, the RAN1 WI discussion shall target enhancements to legacy specifications that define beam measurement and reporting, which may require limited changes to the NR specification to support reporting of predicted beams. Moreover, the reporting for beam prediction may be configured with different time domain behaviors (aperiodic (AP), periodic (P), or semi-persistent (SP)), without limiting the legacy CSI reporting flexibility. 
Considering this conclusion, RAN1 agreed in RAN1 #116 meeting on different options for content in the report of inference results as follows. 
	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.




Following the agreement, it is desirable to clarify what are the beam information to be reported in Opt 1 and Opt 2, in addition for the predicted Top-K beams, possible values for K can be defined. Other points of discussion are whether to differentiate if the reported RSRP is a measured RSRP or a predicted RSRP, or if it can be derived implicitly (as NW knows Set B beams configured) in addition to clarify other information to be included in the report. 
1) Beam information for Opt 1 and Opt 2:
The current specification supports only the reporting of measured beams, i.e., beams that are measured by the UE. To enable the UE to report the predicted beam from Set A beams, one possibility is to enhance the reporting configuration. For BM-Case1 assuming DL Tx beam prediction, it should be possible for the NW to consider different reporting modes. For example, the following modes can be assumed in the discussions when identifying the specification impacts, 
· Mode 1-1: Report of only “predicted CRI” for Top-K beams for BM-Case1. 
· This reporting mode is intended to be used with BM-Case1 Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A) and with Alt. ii): Set B is a subset of Set A. 
· The UE shall measure the RSRP on CSI-RS or SSB resources corresponding to Set B beams and use the L1 RSRP measurement and eventually the corresponding DL Tx beam ID as input to the AI/ML model. The output of the AI/ML model shall be, for example, the probability of each beam in Set A to be the Top-1 or Top-K beam(s). 
· The number K may be configured. By default, the UE can report the Top-1 beam ID. According to the performance evaluation described in clause 6.3.2 of TR 38.843 for BM-Case1 DL Tx beam prediction, the accuracy of the Top-4 DL beam prediction can be more than 95%. A further increase in the number of Top-K does not seem to be necessary as the beam prediction accuracy is already high. The reporting of more than 4 predicted beam information per reported may not provide any additional information. It is therefore desirable to limit the maximum value of K≤K_max and K_max=4 to contain the UCI reporting overhead, which is in line with the current specification for reporting measured beam information, where the UE can report up to N≤N_max and N_max=4 number (N) of measured beam information per reporting instance.
· Mode 1-2: Report of both “predicted CRI” and “predicted RSRP” for Top-K beams for BM-Case1. 
· This reporting mode is an extension to the above Mode 1-1, where ML model used at the UE can also predict RSRP. 
· Predicted RSRP can be reported together with the corresponding predicted CRI. 

2) Definition of reported RSRP:
	Agreement
For report content of inference results for UE-sided model for BM-Case 1, for the RSRP of predicted Top K beam(s) in the report of inference results, when applicable, further study the following options:
· Option A: Predicted RSRP
· Option B: Predicted RSRP, if the beam is not configured for corresponding measurement, and measured L1-RSRP if the beam is configured for corresponding measurement
· Where the predicted RSRP is based on AI/ML output
· Note: Support both Option A and Option B is not precluded.



In RAN1#116b meeting was discussed whether to further analyze different options for reported RSRP of predicted Top K beam(s) (Opt 2). Different options may be available only for the BM-Case 1 alternative when Set B is a subset of Set A. In all the other alternatives, there is no such possibility of choosing between options. It is, therefore, more urgent in our view, to discuss other main design aspects such as the definition of the reported predicted RSRP. One straightforward way would be to consider the RSRP of predicted Top K beam(s) reported similarly to legacy L1-RSRP reporting. In such way the CSI report format used for the L1-RSRP measurements can be reused for reporting the predicted RSRP, including scaling and quantization aspects. 
On the hand, for the alternative of BM-Case 1 when Set B is a subset of Set A, both Option A and Option B may be considered depending on capability of UE. Option A can be considered as a baseline while in Option B it is possible to consider reporting mixed quantities that are related to both traditional measurements (e.g., best CRI, L1-RSRP of Set B beams) and ML-based predictions (e.g., predicted CRI of Set A) in a single beam report. To differentiate if the reported RSRP is a measured RSRP or a predicted RSRP, in some cases the NW can derive implicitly this information. For instance, for Set B is a subset of Set A, based on the CRI as NW knows Set B beams configured. Therefore, reported RSRP corresponding to CRI measured can be assumed to be measured RSRP, whereas reported RSRP corresponding to predicted CRI can be assumed to be predicted RSRP. Other explicit indication to differentiate among measured and predicted RSRP can be considered as long as they do not affect much the reporting format, since it is desirable to have a unique design covering all the different alternatives (Set A and Set B are different and Set B is a subset of Set A). 
3) Opt. 3 and Opt. 4:
During RAN1#116 meeting, other information to be included in the report was discussed. Two different options were indicated: Opt 3 considering to include the probability information of predicted Top K beam(s) in the report and Opt 4 considering to include the confidence information related to the predicted RSRP in the report. In our views, the probability information of predicted Top K beam(s) can be obtained at the UE as AI/ML model output of an AI/ML model predicting Top K beam(s). The probability information of predicted Top K beam(s) can be defined, for example, as the probability of each beam in Set A to be the Top-1 or Top-K beam(s) as described in clause 6.3.1 of TR 38.843. This information can be used by the gNB to assess the quality and reliability of the prediction reported by the UE and may have several uses, e.g. TCI activation among others. On the other hand, the definition of the confidence information of the RSRP is unclear to us. We don’t exclude the possibility that this quantity can be calculated at the gNB based on statistics collected from multiple reports of the predicted RSRP and therefore can be avoided to be explicitly reported. In contrast with predicted RSRP, probability information, in one example, can be used be configuring a minimum/maximum probability information threshold that could be used for the UE to report Top-K beam(s) with highest probabilities, thus reducing the overhead of reporting. In line with the above discussion, enhancement for the reporting of other information may focus on Opt 3. Here, special consideration on limiting the overhead shall be considered, where the Top-K beam report can be the one with the highest probability for limiting reporting overhead. Moreover, UCI overhead due to probability information reporting can be limited by applying quantization approaches where probability information related to each Top-K beams is quantized and included in the report together with the Top-K predicted CRIs and/or predicted RSRPs.  
Proposal 1: For BM-Case1, consider the following for a CSI report that enables beam prediction at the UE,
· For the supported Opt.1 and Opt.2,  
· K = 1, 2, and 4. K is configurable to the UE.
· Beam information refer to CRIs corresponding to Set A 
· RSRP of predicted Top K beam(s) reported similar to legacy L1-RSRP reporting. 
· For the case of Set B is subset of Set A, RSRP of predicted Top K beam(s) can be corresponding to the measured or predicted L1-RSRP, and NW can determine it based on corresponding CRI. 
· Study further details on Opt. 3, where reporting content shall be “Top-K Predicted-CRIs, probability info” corresponding to a Set A. 
· K = 1, 2, and 4. K is configurable to the UE.
· Beam information shall refer to CRIs corresponding to Set A
· Probability information shall be the probability of the beam to be the Top 1. 
· FFS: how to report probability information (e.g., quantization method of probability information of predicted Top K beam(s)). 
· Do not support Opt.4. 
· FFS: whether measured beam related quantities (CRIs, L1-RSRP) of Set B can be configured to report within the same beam report. 

For BM-Case2, one agreement was made in RAN1 #116b meeting.

	[bookmark: _Hlk165393272]Agreement
For UE-side AI/ML model inference, for BM-Case2, support to report inference results of N(N>=1, FFS on N) future time instance(s) in one report 
· wherein information of inference results of one time instance is as in one report for BM-Case 1 
· Note: overhead reduction is not precluded 
· FFS on details



Also, a working assumption was decided. 

	Working Assumption
· For report content of inference results for UE-sided model for BM-Case 2, the RSRP of predicted beam(s) in the report of inference results, is the predicted RSRP, where the predicted RSRP is based on AI/ML output



Based on the above agreement and working assumption for BM-Case2, it is desirable to clarify what is the content of the inference results, which are the possible values for N that can be defined, in addition for the inference results of N future time instances in one report, possible overhead reduction approaches can be adopted.

1) Content of inference for BM-Case 2:
For BM-Case2, reporting of the information related to the predicted beam(s) of N future time instance(s) is required with the possibility that the information on the time stamp for reported beams are carried in the same report. The following modes can be assumed in the discussions when identifying the specification impacts, 
· Mode 2-1: Report only “predicted CRI” for Top-K beams for BM-Case2. 
· This reporting mode is intended to be used with BM-Case2 with Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A), with Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same), and with Alt. iii): Set A and Set B are the same. 
· Here, the UE predicts time domain beam(s) prediction of N future time instance(s). 
· The UE shall measure the RSRP on CSI-RS or SSB resources corresponding to Set B beams for multiple time instances. Then the UE shall use the L1 RSRP measurements from historic time instance(s) and eventually the corresponding DL Tx beam ID as model input. The output of the AI/ML model shall be, for example, the probability of each beam in Set A to be the Top-1 beam for N future time instance(s).
· The UE reports the predicted Top-K beam IDs for N future time instance(s), where the number K may be configured. By default, the UE can report the Top-1 beam IDs for N future time instance(s). 
· Mode 2-2: Report of both “predicted CRI” and “predicted RSRP” for Top-K beam for BM-Case2. 
· This reporting mode is an extension to the above Model 2-1, where ML model used at the UE can also predict corresponding RSRP of predicted beams for future time instances.   
· The UE reports the predicted Top-K beam IDs in addition to the corresponding predicted RSRP for N future time instance(s).

2) FFS on value of N:
This FFS aims to propose one or more values for the parameter N, which may be derived from the capability of the UE-sided model to support the number of time instances to be predicted, in addition to possibly impact the periodicity of the CSI report. Based on the results presented in Rel-18 SI, it was observed that setting a prediction window corresponding to larger value of the parameter N, e.g. N=10, is not providing benefits to accurately predict the beam in future time instances. On the other hand, for periodic RS transmission and reporting, setting N to 10 results in CSI reports being transmitted every N=10 times the periodicity of RS transmission. This would limit the overhead associated with CSI report generation and transmission, especially if time-domain reporting overhead reduction techniques are considered. 
Therefore, the value of N should provide a balanced approach between supporting the BM Case-2 output ML model capability, reducing the CSI report overhead and maintaining the flexibility of the periodic CSI configuration (e.g. see the CSI-ResourcePeriodicityAndOffset parameter). The latter may be the most limiting condition as a large SSB/CSI-RS transmission periodicity of e.g. 40ms has only one larger periodicity of 80ms (corresponding to CSI-ResourcePeriodicityAndOffset = 640 slots with 120KHz subcarrier spacing) for setting a periodic CSI report with N=2. With N=4 it is possible to configure CSI-RS transmission periodicities of e.g. 5ms, 10ms, 20ms or SSB transmission periodicity of 20ms. Values of N=3 or N=5 may not allow most CSI report periodicities to be configured with a multiple of the RS transmission periodicity and therefore may not be much used at first. 
3) Report overhead reduction:
In RAN1#116b several proposals addressed the problem of reducing the overhead for a measurement report. Here, the overhead for a prediction report could become large as inference results of N(N>=1) future time instances may be included in a single report for each of the Top-K beam(s) reported. Therefore, proposals for overhead reduction for a prediction report may be presented for discussion. A reporting option with reduced overhead may be considered when K and N values are large, for instance K>=4 and N=4, for other cases, it may be not required. 

Based on the BM-Case2 evaluation done in Rel-18 SI, the beam prediction in future time instances shows a high correlation of the predicted beams across time instances, and it's then questionable whether it is necessary to report all the inference results over N future time instances. It would be desirable to follow principles similar to the two-part CSI reporting used in the legacy for CSI feedback, where the size of CSI part I is fixed, and the size of CSI part II is variable and decoded according to the values and parameters contained in the CSI part I. The format of the reporting may include in the first part some indication about the changes in the predicted Top-K beam over N future time instances, then the second part of the CSI may include beam information only if the indication included in the first part is informing about beam changes. Thus, avoid reporting of predicted beam information for those Top-K beam and time instances where the predicted beam does not change.

Proposal 2: For BM-Case2, support reporting of “Top-K Predicted-CRIs for N time periods” or “Top-K Predicted-CRIs, predicted L1-RSRPs for N time periods” corresponding to a Set A, where K and N are configurable to UE. 
· K = 1, 2, and 4
· N = 1, 2, 3, and 4
· FFS: Other overhead reduction options to apply when K and N values are large, including changes to the reporting format. 

Configuring/Indicating Set B and Set A 
In the RAN1 #116b was discussed to further study how to configure or indicate the Set A beams. Together with the previous RAN1 #116 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”, it is possible to use the legacy beam measurement and reporting framework when configuring the Set B, the following agreement was made. 
	Agreement
For UE-sided model at least for BM Case-1, CSI-ReportConfig is used for the configuration of inference results reporting
· FFS on the details in the CSI-ReportConfig, at least considering:
· Alt 1: one CSI-ResourceConfigId is configured for Set B
· FFS: how UE can determine the information about set A
· Alt 2: one CSI-ResourceConfigId is configured for both Set A and Set B
· FFS: How to configure resource set(s) for Set A and Set B in CSI-ResourceConfig
· Alt 3: two CSI-ResourceConfigId s are configured for Set A and Set B separately
· Alt 4: one CSI-ResourceConfigId is configured for Set B, Set A is configured using separate resource set(s) other than that represented by CSI-ResourceConfigId 
· FFS: how to configure/indicate separate resource set(s) for Set A
· Note: separate CSI-ReportConfig for Set A and Set B are not precluded.
· Note: Not perform measurement for Set A and only perform measurement for Set B subject to the CSI-ReportConfig
· FFS on the association between Set A and Set B with or without additional IE
· Other necessary configuration are not precluded. 



The current specification allows to configure one or more resource settings with multiple NZP CSI-RS resources for channel measurements. When indicating/configuring Set A and Set B beams, there can be different possibilities, such as configuring the UE with one resource group associated with a resource set (legacy measurement set) corresponding to the Set B beams for measurements and a second resource group associated with a resource set corresponding to the Set A beams for predictions. 
For BM-Case1, the NW can configure/indicate the UE with measurement RS set (Set B) and prediction RS set (Set A) as follows,
· Alt1: This alternative may have limited scope and may not always be applicable. One application can be for Set A and Set B are different (Set B is NOT a subset of Set A). The UE can be configured/indicated with one measurement RS resource set (e.g. a SSB Resource Set) whereas a second CSI-RS resource set (Set A) is not indicated/configured to the UE with CSI report configuration. The UE may determine Set A from the measurements RS set (e.g., from the SSB resource Set) of the CSI-Report, where the UE may be able to check QCL source RS (e.g., corresponding to QCL type D) of configured CSI-RS resources (in the CSI-MeasConfig) and consider the determined Set A in the reporting of predicted beams. 
· Alt2: This alternative may be applicable in all the cases, and as the most similar to legacy would be a good starting point. The UE can be configured/indicated with a second RS resource set (e.g., a CSI-RS Resource Set) for the CSI report. As the legacy already allows the definition of a single CSI-RS ResourceSet to be configured for periodic/semi-persistent CSI reporting, i.e. S=1, S could be extended to support S=2, configuring/indicating firstly the CSI-RS ResourceSet for RS resources to be measured (Set B) and secondly the CSI-RS ResourceSet for RS resources not to be measured (Set A). The second CSI-RS ResourceSet would be implicitly considered by the UE for reporting the predicted beam indices. A similar extension has been made in the past for multi-TRP scenarios and it is reasonable to repeat it for this scenario.
· Alt3: There is no clear need to use two different CSI ResourceConfigIds, and we don't see the benefit of using different CSI ResourceConfigIds instead of extending support for two CSI-RS ResourceSets. In our view, the closest solution to legacy would remain Alt2.
· Alt4: This alternative may be considered for other possible scenarios, where Set A is configured/indicated in a separate CSI-ResourceConfigId and/or CSI-ReportConfig that are configured/indicated to the UE for other purposes, such as data collection, performance monitoring, etc. 
For BM-Case2, the NW can configure/indicate the UE with measurement RS set (Set B) and prediction RS sets (Set A) as follows,
· As concluded, Set B is configured as the measurement RS resource set in the CSI report. This resource set can be either SSB Resource Set or CSI-RS Resource Set, depending on the Set A and Set B relation. 
· Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A): can handle with the same method as in BM-Case1. 
· Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same): can handle with the same method as in BM-Case1. 
· Alt. iii): Set A and Set B are the same: There is no need to specify a second resource group for predictions as the UE can be configured to measure and predict on the same CSI-RS resource set.

Proposal 3: Consider the following when configuring Set A beams in a beam prediction related CSI report, 
· For BM-Case1 and BM-Case2, considering the case of Set B is a subset of Set A, support Alt2 (one CSI-ResourceConfigId is configured for both Set A and Set B) as a basic case to configure/indicate a second RS resource set associated with the CSI report configuration to consider as Set A.  
· For BM-Case1 and BM-Case2, considering the case of Set A and Set B are different, support the following options.  
· Option 1: Configure/Indicate a second RS resource set associated with the CSI report configuration (Alt2: one CSI-ResourceConfigId is configured for both Set A and Set B).
· Option 2: UE determines Set A based on QCL relations between Set B and configured CSI-RS resources (Alt1: one CSI-ResourceConfigId is configured for Set). 
· Option 2 may be applied when there is no second resource set configured by the NW
· For BM-Case2, considering Set A and Set B are the same, the legacy RS resource set (resourcesForChannelMeasurement) applicable to both Set B and Set A. 
· For BM-Case1 and BM-Case2, consider Alt.4 as an optional alternative depending on the discussions related to data collection and performance monitoring.

Beam Indication
	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




In RAN1#116 was agreed to adopt the unified TCI state framework as AI/ML-based beam management and legacy beam management are similar in terms of the activation and indication of TCI States. Moreover, it was also agreed to further study potential enhancements if needed. 
Considering BM-Case1, in one option, the NW can determine whether any changes are required in the set of active TCI states, and if yes, the NW can adapt the set of active TCI states based on the prediction report received from the UE. Here, the NW needs to make sure that the RS resource corresponding to the activated/indicated beams can be measured by the UE prior any beam indication takes place corresponding to a predicted RS resource. As long as that is guaranteed by the NW, it may not fully matter whether an indicated/activated TCI State is corresponding predicted or measured RS resource. 
It is also possible to consider a much more flexible framework, where the gNB can proceed with indicating a TCI state corresponding to an RS resource that is not fully measured by the UE. For instance, if the beam prediction occurs at the UE and the predicted beams are reported back to the gNB, the gNB may send a DCI/MAC-CE to indicate a TCI state corresponding to the best-predicted beam. The NW may not have the luxury to transmit predicted RS prior to any beam indications, and the UE may have already obtained spatial Rx information based on prediction, performing an additional measurement instance unnecessary. This support may be necessary, at least for some channels (e.g., PDSCH), to achieve performance (e.g., throughput) benefits before the predicted beam becomes outdated, but may not always be suitable for control channels. Also, RAN1 may have to consider any timeline changes regarding when a predicted beam is applicable for the UE, especially if the timeline restrictions/details (known/unknown) are not applicable as in legacy releases. 
Overall, for BM-Case1, we do see some limitations for applying the indicated TCI state to certain channels (prior to measuring the beams) and changes related to timelines may need to be checked depending on the considerations mentioned above. 

Proposal 4: For BM-Case1 with the UE-sided model, consider following enhancements/limitations/changes related to the applicability of the beam indication. 
· The applicability of the TCI indication for a channel/signal may be depended on whether the TCI indication is associated with a measured RS resource or predicted RS resource. E.g., extend followUnifiedTCI-State. 
· The UE considers a TCI indication associated with a predicted RS resource as known TCI state. 
· Check the feasibility of this with RAN4

Unlike in BM-Case1, RAN1 shall investigate how to indicate multiple beams for multiple future time instances via one beam indication for BM-Case2. For example, the best beams can be indicated to the UE together with the corresponding application time information. Overall, it is preferable to extend legacy TCI State indication to multiple beams.
The present TCI framework for beam indication can be enhanced in terms multi-beam (multi-TCI state) indication to enable TCI states indication of the predicted beams with minimum signaling overhead. Moreover, the application time of each beam indicated can consider the N future time instance(s) information, e.g., time stamp information of the predicted beam(s) of N future time instance(s) that is reported by the UE or derived by the NW based on the beam prediction report. Overall, for BM-Case2, we see the need for changing Rel-17 TCI indication signalling,
Proposal 5: For BM-Case2 with the UE-sided model, extend the Rel-17 TCI state activation/indication signalling methods to activate/indicate N TCI states which are corresponding to future time N instances. 
· FFS: maximum number for N 
· FFS: Time periods that each indicated TCI state is applicable. 

Similar to the discussion on BM-Case2, the gNB may require some flexibility when indicating a TCI state corresponding to a predicted RS resource (RS resource that is not fully measured by the UE). Moreover, as BM-Case2 is mainly deals with mobility scenarios, there may not be enough time to go ahead with measuring the predicted RS resources (prior to any indications of TCI states corresponding to the predicted beams) as beams may get outdated by the time when measurements available. As also mentioned in the BM-Case1, the UE may have obtained already the spatial Rx information based on prediction and additional measurement instance may not be needed. Therefore, similar considerations (changes/limitations on applicability of beam indication and timelines) shall be considered also for BM-Case2. 

Proposal 6: For BM-Case2 with the UE-sided model, consider enhancements/limitations/changes related to applicability of the beam indication. 
· The applicability of the TCI indications for a channel/signal may be depended on whether the TCI indications are associated with measured RS resources or predicted RS resources. E.g., extend followUnifiedTCI-State. 
· The UE considers TCI indications associated with predicted RS resources as known TCI state. 
· Check the feasibility of this with RAN4

Performance monitoring
Performance monitoring is the next main aspect considered for potential specification impact. RAN1 discussed during Rel-18 SI the necessary signalling mechanism(s) to facilitate performance monitoring for the beam prediction functionality (i.e., ML-enabled CSI report) running on the UE side. Type 1 performance monitoring includes both NW-side performance monitoring (Option 1) and UE-assisted performance monitoring (Option 2). On the other hand, Type 2 performance monitoring considers UE-side performance monitoring. In this section, we discuss our views on the different performance monitoring approaches. 
[bookmark: _Ref158828004]NW-sided performance monitoring
For NW-sided performance monitoring for beam prediction at the UE, the NW may need to configure/indicate an RS resource set to consider as monitoring RS resources, where the UE can measure these monitoring RS resources and report back to the NW. Based on the reported measurements corresponding to the monitoring RS resources and inference-related reports (corresponding to a CSI reporting configuration that enables the beam prediction operation), the NW can calculate performance metrics or relevant KPIs (such as beam prediction accuracy, RSRP differences, etc.). As a result, the calculated performance metric or relevant KPI(s) can be used to evaluate the operability of the CSI report associated with the beam prediction. 
The current beam measurement and reporting framework allows configuring the UE with a RS resource set, including the CSI-RS resources corresponding to Set A beams or part of Set A beams. The reporting configuration may also include the CSI-RS resource set corresponding to the Set A beams or part of Set A beams. To configure the monitoring RS resource set and getting the beam measurement report corresponding to that monitoring RS resource set is possible with the CSI reporting framework and the legacy CSI reporting framework can be configured with different time behaviors: aperiodic (AP), periodic (P), or semi-persistent (SP). For example, the UE can be configured with an aperiodic beam report, where the beam report includes quantities such as CRI or CRI/RSRP for the number N of measured RS resources to be reported. Therefore, there is no visible limitation in legacy CSI reporting framework when defining the UE to measure a resource set corresponding to the Set A beams or part of the Set A beams for performance monitoring. 
[bookmark: _Hlk157526243]Observation 1: For NW-sided performance monitoring of a beam prediction related CSI report, the UE may need to measure Set A or subset of Set A and report the measured beams (e.g., Top-1/4 strongest beams) to the NW. The NW can use a different CSI report to get such beam measurements within the legacy CSI reporting framework. 
In the cases where NW plans to consider the same CSI report configuration for inference and monitoring - i.e., same functionality configuration is used to configure parameters associated with the inference and monitoring, the following details can be discussed. 
For BM-Case1 and 2, the UE can determine a performance monitoring RS set associated with a CSI report as follows:
· Option 1: When considering a full Set A as the monitoring RS resource set, the UE may be defined to consider the predicted RS resource set = monitoring RS resource set, and NW may provide configurations (within the CSI report) that define timelines and reporting quantities for the monitoring RS resource set. 
· Option 2: When considering a subset of Set A as the monitoring RS resource set, the NW can configure/indicate a CSI-RS Resource Set corresponding to a subset of Set A beams to be considered as a monitoring RS resource set, and further configure timelines and reporting quantities for the monitoring RS resource set. Here, how to configure or indicate the subset of Set A associated with the CSI report can be further discussed. 
· Option 3: When considering a subset of Set A as the monitoring RS resource set, without considering explicit configuration/indication of the monitoring RS resource set, the UE may be defined to be considered RS resources associated with either active TCI states or reported Top-K beam predictions (one or more time instances in the past) as the monitoring RS resources to consider in monitoring related measurements and reporting. As in the above cases, the NW may still configure timelines and reporting quantities for the monitoring RS resource set.

It should be noted that reporting quantities that required to be reported in BM-Case1 and BM-Case2 can be different, as BM-Case2 may require the best measured beams for multiple time instances. 

Proposal 7: For BM-Case1 and BM-Case2, support NW-sided performance monitoring for beam prediction related CSI reporting, and further discuss the following variants, 
· Case1: No enhancement is needed to support NW-sided performance monitoring. 
· E.g., the NW can use a different CSI report to get beam measurements/reporting for a monitoring RS resource set (as preferred by the NW) within the legacy CSI reporting framework.  
· Case 2: Enhancements when using the same CSI reporting configuration for monitoring and inference. 
· Option 1: Consider monitoring RS resource set = Set A (same RS resource set for inference and monitoring). 
· Option 2: Monitoring RS resource set is configured/indicated separately from Set A. 
· Option 3: Monitoring RS resource set is determined by the UE based on active TCI states or inference outcome(s). 
· For Options 1-3, the NW configures (associated to the CSI report) the reporting timelines and reporting quantities for the monitoring RS resource set. 

UE-assisted performance monitoring
We recall that in a UE-sided AI/ML model, the NW can configure the UE for AI/ML functionality monitoring with dedicated resources that can be measured and used by the UE to calculate performance metrics or relevant KPIs (such as beam prediction accuracy, RSRP differences, etc.). As a result, the calculated performance metric or relevant KPI(s) can be reported to enable the NW to evaluate the operability of the functionality. 
To facilitate the performance monitoring with reporting of monitoring KPI/output related information, it is desirable to consider as a baseline the legacy beam measurement and reporting frameworks. As in the case of inference operation, the RAN1 WI discussion shall target enhancements to legacy beam measurement and reporting framework without significant specification changes. 
In this perspective, we envision that different monitoring KPIs can be associated to different reporting modes that allow the reporting of quantities such beam prediction accuracy related KPIs, e.g., Top-1 or Top-K/1 beam prediction accuracy, or the L1-RSRP difference between measured RSRP and predicted RSRP. 
For functionalities associated with the BM-Case1 and BM-Case2, assuming DL Tx beam prediction, it should be possible for the NW to support different performance monitoring reporting modes, including,
· Mode PM-1: Report performance monitoring of “Top-K beam prediction accuracy”. 
· This reporting mode is intended to be used when the UE calculates the beam prediction accuracy performance monitoring metric at the UE side. 
· The UE shall use the output of the AI/ML model, e.g., predicted Top-K beam IDs obtained directly or indirectly based on the predicted RSRPs (obtained at the output of the AI/ML model), and compare it with the ground truth value of the best Top-1 beam over the Set A beams obtained from the measurements.
· For determining the Beam prediction accuracy related KPIs, the UE shall refer to the KPIs described in clause 6.3.1 of TR 38.843, prioritizing the KPIs mostly used in Release-18 SI evaluation including,
· Top-1 (%): the percentage of "the Top-1 genie-aided beam is Top-1 predicted beam".
· Top-K/1 (%): the percentage of "the Top-1 genie-aided beam is one of the Top-K predicted beams", where K >1 and values can be reported.
· Mode PM-2: Report performance monitoring of “L1-RSRP difference”. 
· [bookmark: _Hlk158645386]This reporting mode is intended to be used when the UE calculates the L1-RSRP difference for Top-1 predicted beam.
· The UE shall use the output of the AI/ML model, e.g., predicted Top-K beam IDs obtained directly or indirectly based on the predicted RSRPs (obtained at the output of the AI/ML model) as well as the L1-RSRPs measured (ideal L1-RSRP) over the Set A beams. 
· To determine the L1-RSRP difference, the UE shall refer to the KPI definition contained in clause 6.3.1 of TR 38.843, which we report as follows,
· The “L1-RSRP difference of Top-1 predicted beam” is the difference between the ideal L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the Top-1 genie-aided beam. 
· Mode PM-3: Report performance monitoring of “L1-RSRP difference predicted”.
· This reporting mode is intended to be used when the UE calculates the L1-RSRP difference between measured RSRP and predicted RSRP. 
· The UE shall use the predicted RSRP obtained at the output of the AI/ML model as well as the L1-RSRPs measured over the Set A beams (ideal L1-RSRP).
· To determine the L1-RSRP difference, the UE shall refer to the KPI definition contained in clause 6.3.1 of TR 38.843, which we report as follows,
· The predicted L1-RSRP difference is defined as the difference between the predicted L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the same beam. 
In the KPI definitions mentioned above, TR 38.843 refer ideal L1-RSRP and genie-aided beam. However, more realistic assumptions for those shall be described if any of the above metrics are defined in the normative specifications. 
[bookmark: _Hlk166074404]For performance monitoring, it is desirable to consider the metrics calculated at UE and reported to NW summarized in Table 2.2‑1. For each metric, we provide some detailed analysis, including the definition of the metric, the expression to be used to calculate the metric, the usage of the metric and the way for reporting the metric from the UE to the NW.
[bookmark: _Ref101387491]Table 2.2‑1: Performance monitoring metrics.
	Metric
	Definition of the metric
	Calculation of the metric
	Usage of the metric
	Reporting of the metric

	Option 1: reporting of “Top-K beam prediction accuracy” corresponding to predicted Top-K beam IDs

(Alt1-1: Predicted Top 1 or Top K beams, and ground truth of the target Set A resources (and at the target time instance(s) for BMcase-2)
	Follow definition included in TR 38.843:
Top-1 (%): the percentage of "the Top-1 genie-aided beam is Top-1 predicted beam"
Top-K/1 (%): the percentage of "the Top-1 genie-aided beam is one of the Top-K predicted beams"
Where K >1 and values can be reported
	Top-1 (%):

Where  is the index of the Top-1 predicted beam and  is the index of the Top-1 genie-aided beam. 
 is the number of data points for obtaining the ML model performance,  is the indicator function. If , then . Otherwise, . Top-1 genie-aided beam index is selected based on  for , where are all the beams in SetA. 

Top-K/1 (%):

Where  is the index of the k-th beam in the Top-K predicted beams and  is the index of the Top-1 genie-aided beam.
	Evaluate performance of ML models supporting predicted CRI/predicted RSRP.
	CSI report may include beam prediction accuracy related to the predicted Top K beam(s). FFS on beam prediction accuracy format

	Option 2: reporting of “L1-RSRP difference” corresponding to Top-1 predicted beam

(Alt 4-1: The L1-RSRP difference between the measured [L1-]RSRP and predicted RSRP according to beam(s) in the same target Set A resources)
	Follow definition included in TR 38.843:
“Average L1-RSRP difference of Top-1 predicted beam:
-	The difference between the ideal L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the Top-1 genie-aided beam”



	L1-RSRP difference [dB]:


Where  is the RSRP of the Top-1 genie-aided beam and  is the RSRP of the Top-1 predicted beam.  is the number of data points for obtaining the average.

Note that average may be determined at the NW side, then the single value may be reported (=1).

	Evaluate performance of ML models supporting predicted CRI/predicted RSRP.
	CSI report may include the quantity “L1-RSRP difference” related to the predicted Top K beam(s). Reuse legacy RSRP/differential RSRP format.

	Option 3: reporting of “L1-RSRP difference predicted” corresponding to predicted L1-RSRP of Top-1 predicted beam, if predicted L1-RSRP is supported by AI/ML model output.

(Alt 4-2: The L1-RSRP difference between measured [L1-]RSRP of current beam and predicted RSRP of the predicted Top 1 beam)
	Follow definition included in TR 38.843:
“For AI/ML models, which provide L1-RSRP as the model output, the accuracy of predicted L1-RSRP is to be evaluated. Companies optionally report average (absolute value)/CDF of the predicted L1-RSRP difference, where the predicted L1-RSRP difference is defined as the difference between the predicted L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the same beam.”

	L1-RSRP difference predicted [dB]:



Where  is the RSRP of the Top-1 genie-aided beam and  is the predicted RSRP of the Top-1 predicted beam.  is the number of data points for obtaining the average.

Note that average may be determined at the NW side, then the single value may be reported (=1). 
	Evaluate performance of ML models supporting predicted RSRP.
	CSI report may include the quantity “L1-RSRP difference predicted” related to the predicted Top K beam(s). Reuse legacy RSRP/differential RSRP format.




[bookmark: _Hlt166074411]Based on the analysis provided in Table 2.2‑1 and the performance monitoring reporting modes mentioned above, we made the following proposal:
Proposal 8: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for a beam prediction related CSI reporting, discuss whether the following options can be used for the reporting of performance monitoring related KPIs, 
· Option 1: reporting of “Top-K beam prediction accuracy” corresponding to predicted Top-K beam IDs, where K is configurable to the UE.  
· Option 2: reporting of “L1-RSRP difference” corresponding to Top-1 predicted beam. 
· Option 3: reporting of “L1-RSRP difference predicted” corresponding to predicted L1-RSRP of Top-1 predicted beam, if predicted L1-RSRP is supported by AI/ML model output. 
· Note: The UE shall refer to the KPIs definition contained in TR 38.843, more realistic assumptions for ideal L1-RSRP and genie-aided beam shall be described if any of the above metrics are defined in the normative specifications. 

For reporting of monitoring KPIs and indicating/configuring the monitoring RS resource set, as mentioned in NW-sided performance monitoring, it is possible to adopt the legacy beam measurement and reporting framework to configure/indicate the UE with a resource set corresponding to the Set A beams or part of the Set A beams for performance monitoring. 
For performance monitoring of BM-Case1 functionalities, assuming DL Tx beam prediction, the NW can configure the UE to report the performance monitoring metrics based on the configured/indicated performance monitoring RS set as follows,
· In Alt. i) and Alt ii), the UE can be configured/indicated to measure on a CSI-RS Resource Set corresponding to Set A beams or part of Set A beams and can be configured to report the performance monitoring metrics discussed above.  

For performance monitoring of BM-Case2 functionalities, assuming DL Tx beam prediction, the NW can configure the UE to report the performance monitoring metrics based on the configured/indicated performance monitoring RS set as follows,
· In Alt. i) and Alt ii), the UE can be configured/indicated to measure on a CSI-RS Resource Set corresponding to Set A beams or part of Set A beams (in Alt i) and Alt ii)) or to measure the same CSI-RS Resource Set configured for the inference (Alt iii)). At the same time, the configuration instructs the UE to report the performance monitoring discussed above. Performance monitoring metrics can be calculated for each of the N future time instance(s).

Observation 2: For UE-assisted performance monitoring of a beam prediction related CSI report, the UE may need to measure Set A or subset of Set A, and report the performance monitoring related KPIs to the NW. 
Proposal 9: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for a beam prediction related CSI reporting, study whether the same CSI report (CSI report that used for inference) or a different CSI report should be used.  
· [bookmark: _Hlk158887490]For the case where the same CSI report is used for monitoring and inference. Discuss following variants, 
· Option 1: Consider monitoring RS resource set = Set A (same RS resource set for inference and monitoring). 
· Option 2: Monitoring RS resource set is configured/indicated separately from Set A. 
· Option 3: Monitoring RS resource set is determined by the UE based on active TCI states or inference outcome(s). 
· For Options 1-3, the NW configures (associated to the CSI report) the reporting timelines and monitoring KPIs for the monitoring RS resource set.
· For the case where different CSI reports are used for monitoring and inference, NW can configure/indicate the monitoring RS resource set (resourcesForChannelMeasurement) within the legacy CSI reporting framework.

Report Event(s) based on the performance metric(s):
According to TR 38.843, with UE-assisted performance monitoring (Option 2), the UE may alternatively calculate performance metric(s) and report an event to the NW based on the performance metric(s). In this perspective, we expect the need to clearly define the different events related to the performance metric(s). The failure detection and recovery procedures of ML-enabled CSI report can be defined similarly to the Beam Failure Detection (BFD) and Beam Failure Recovery (BFR) mechanisms specified in the current specification. Overall, we see the following directions, 
· Reporting of a failure event can be associated with the multiple performance failures of a functionality or a model (applicable only if models are identified at the NW).
· A failure event shall be triggered only after monitoring performance failures/variations over time (similar to BFD-like procedures), and each performance failure/variation shall be determined by the UE by following measurements for monitoring RS resources (e.g., considering L1-RSRP of monitoring RS resources, determining hypothetical BLER-like metrics based on the RS measurements, etc.). Here, performance failure/variation may also be derived by comparing the monitoring RS resources related measurements to the inference outcome. NW should be able to control the monitoring RS resources, any thresholds considered when determining performance failures, and maximum limits of performance failures to determine any triggered events at the UE.
· Based on any failure event, the UE may report the failures to the NW (similar to BFR-like procedures) via dedicated UL resources and also indicate the information about the failure event for the functionality or model (if applicable). Similar to BFR where candidate beams are reported to the NW, it may also be feasible to define candidate functionalities or fallback functionality when a failure happens for an ongoing functionality. 
Given the above discussion and the arguments presented in support of reusing the current BFD and BFR principles, it is desirable that performance monitoring based on reporting modes and performance monitoring based on events can be enabled separately. On the one hand, performance monitoring based on reporting modes would allow the reporting of intermediate KPIs (more frequently than events) related to the AI/ML, and NW has to decide how to use them. On the other hand, performance monitoring based on events would allow for reducing reporting overheads.
Observation 3: For UE-assisted performance monitoring of a beam prediction related CSI report, it is desirable that performance monitoring based on reporting monitoring related KPIs and performance monitoring based on events can be enabled separately. 
Proposal 10: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for beam prediction related CSI reporting, discuss the following for event-based reporting, 
· Details of monitoring RS resource(s) (in other words, failure detection RS resources) 
· Details of failure events, including the associated configurations to determine the failure instances for a beam prediction related CSI report.
· Details of reporting for failure event, including reporting content 
· Strive to use similar mechanisms as in BFR procedures.

UE-sided performance monitoring
In certain discussions of Rel-18 SI, UE-sided performance monitoring was considered a UE implementation consideration, mainly applicable for model-level monitoring. In further discussions, companies suggested that the UE requests the NW to initiate a performance monitoring session. Following this request, the NW can configure the UE for AI/ML functionality monitoring with dedicated resources that can be measured and used by the UE to calculate performance metrics or relevant KPIs (such as beam prediction accuracy, RSRP differences, etc.). Finally, the UE calculates the performance metric or relevant KPI(s) to determine whether the functionality is suitable or no longer suitable. According to TR 38.843, in this type of performance monitoring, the UE is responsible for making decisions such as model selection, activation, deactivation, switching, and fallback operations.
In this approach, performance monitoring on the UE sided can be evaluated based on performance metrics (KPIs). If the performance metrics degrade, the UE can autonomously perform actions and decide on any model-level operation. Overall, the NW cannot control any model LCM-related operations at the UE. However, it is not desirable to allow the UE to switch to some other functionalities, as it may lead to configuration issues if the UE can perform such functionality switching or transition to legacy beam management autonomously. For example, if the UE decides to switch from the functionality configured for BM-Case1 to legacy beam management, the UE should be configured with a different set of resources to perform all the measurements required for operation with legacy beam management. In this case, the NW will not be able to reconfigure the UE until it has been notified that the functionality is no longer suitable, and a switch is required.
Therefore, for the UE-sided model, it is desirable that the NW is notified of any performance monitoring degradation, as the case of UE-assisted performance monitoring case, or alternatively, the NW can calculate the performance monitoring at the NW side, as in the case of NW-side performance monitoring.
Proposal 11: RAN1 to prioritize work on specifying NW-side performance monitoring and discuss/study different options for UE-assisted performance monitoring. Deprioritize UE-side performance monitoring. 
Data collection (for training)
In RAN1#116 there was no explicit proposal regarding UE-sided data collection (for training). In our view, RAN1 should focus the discussion on configuration and measurement reporting for data collection. In this regard, the legacy beam measurement and reporting frameworks can be largely reused, and UE devices may already be capable of collecting data when configured with legacy CSI measurement and reporting configuration frameworks. Enhancements related to UE data collection should be made taking into account the legacy beam measurement and reporting frameworks. Discussion on the signaling aspects for requesting data collection from UE, e.g. trigger/indication of data collection from UE can be addressed in RAN2.   
[bookmark: _Hlk158647422]Moreover, considerations on signalling aspects related to assistance information can also be made when discussing the different ways of dealing with additional conditions presented in the next section, and in particular when discussing the information and/or indication on NW-side additional conditions presented in Section 2.4.1. 
Observation 4: Enhancements related to UE data collection should be made taking into account the legacy beam measurement and reporting frameworks. Considerations on signalling aspects related to assistance information can be discussed under the section related to information and/or indication on NW-side additional conditions. 
Consistency for UE sided model
	Agreement
Further study, for the consistency of NW-side additional condition across training and inference for UE-sided model for BM-Case 1 and BM Case 2, where the NW-side additional condition may at least impact UE assumption on beams of Set A/Set B:
· Opt1: Based on associated ID (Referring to AI 9.1.3.3)
· FFS on what can be assumed by UE with the same associated ID across training and inference
· FFS on how associated ID is introduced, e.g., within CSI framework, or outside of CSI framework
· Opt 2: Performance monitoring based
· FFS details  
· Other options are not precluded. 




NW-side additional conditions refer to training assumptions that are associated with NW implementation/aspects (e.g., NW-side beam pattern), and UE-sided additional conditions refer to training assumptions associated with UE implementation/aspects (e.g., UE speed, UE-side beam pattern). In the Rel-18 discussions of BM-Case1 and BM-Case2, no details were provided for these additional conditions. However, Rel-18 evaluations on beam prediction under different generalization assumptions can be linked to the additional conditions, where the evaluation on generalization cases reveals that there is a need to address performance issues when the training assumption (e.g., ML model trained with a set of NW/UE-side additional conditions) and inference assumptions (e.g., ML model used when the NW/UE-assumptions do not match the NW/UE-additional conditions) are not aligned, resulting in certain performance degradations.
Proposal 12: For beam prediction use-cases, RAN1 shall support a solution to ensure consistency between training and inference regarding NW-side additional conditions. 
[bookmark: _Ref163114562][bookmark: _Ref158043325]Based on associated ID  
This approach is related to sending information or indications related to NW-sided additional conditions to UE (e.g., as assistance information) where the UE can select a matching ML model based on the received information when supporting a functionality. There could be multiple methods and below options take into account the constraints concerning proprietary information disclosure. 

Option 1 (Reuse CSI framework for data collection and inference): As detailed in Section 2.1, the inference operation is operated by applying corresponding configuration parameters in a CSI report, and the NW is not aware of background ML model used by the UE for inference and also training assumptions of such a ML model. In general, it is possible to introduce indicators (identifies) to CSI-RS resource configurations, where the UE gets partial information on whether common or different set of NW assumptions are applicable for the configured CSI-RS resource configurations and such identifiers can be unique to identify a set of NW assumptions even in a later time instances (regardless of any RRC reconfiguration). In other words, the same set of NW assumptions may be identified by the same identifier regardless different CSI-RS configurations applicable for data collection or inference in different times or in different cells. 
· In certain cases, the NW can indicate/configure the associated IDs (measurement IDs or consistency ID, and other naming uses for these identifiers), in both data collection and inference stages (using CSI resource configurations) such that UE can transparently select a matching model (with checking these associated IDs) to resolve any concerns on NW-additional conditions. 
· Alternatively, or additionally, prior to inference operation, the UE can indicate to the NW the information of ML model(s), i.e., associated IDs, to be used during inference. As mentioned before, CSI resource configurations used for data collection shall carry some identifiers (e.g. associated IDs) to ensure the UE is aware of measurement configurations and their relation to the associated IDs. Based on the UE report, the NW may compare the received identifier with the CSI resource configuration to be used by the UE during inference, and if there is a match, the NW may indicate to the UE that the current RS configuration and/or UE-sided model may be used by the UE during inference. On the other hand, if there is no match, the NW can indicate to the UE that the current RS configuration and/or UE-sided model cannot be used by the UE during inference, so that the UE can perform an action on the ML model upon receiving such an indication, e.g. switching to another model.

Option 2 (Different framework for data collection): Another option could be to consider a separate DL RS configuration(s) for data collection, where the NW could configure the UE with a specific RS configuration(s) for data collection. The details on this may be up to RAN2. The RS configuration for data collection may contain all the elements necessary for the UE to measure RS resources, as in the legacy CSI resource configuration. In addition, as in Option 1, some identifiers (e.g. associated IDs) may be included in the RS configuration for data collection to make it easier for the UE to categorize the data according to the RS configuration for data collection. 

In both options, we see that some new indication may be needed to consider differentiate or relate NW-additional conditions. 

Proposal 13. For beam prediction use cases, to ensure consistency between training and inference regarding NW-side additional conditions, consider introducing an identifier (associated ID) in the CSI-RS resource configuration or measurement resource sets defined within the CSI-RS resource configuration. 
· The purpose of the identifier is to differentiate or relate NW-side assumptions used in the CSI-RS or SSB transmissions associated with different CSI-RS resource configurations. 
· Assigning identifiers (associated ID) shall be left to NW-implementations. 

[bookmark: _Hlk158995748]Performance Monitoring Based
For the last option mentioned in the TR, i.e., consistency assisted by monitoring (by UE and/or NW, the performance of UE-side candidate models/functionalities to select a model/functionality), there can be multiple flavors on how performance monitoring addresses this consistency issue. Here, we do not assume model identification, and model discussed in the below options are not visible to the NW side. 

Option 1: UE-sided performance assessment at the model level and selecting a suitable (e.g., best available) model at the UE to run the inference. Here, models are not identified at the NW, and selecting a suitable model which fits with the NW-assumptions used in the inference stage is a UE implementation choice (i.e., UE expected to select a model that having NW-additional conditions consistent with the NW-assumptions), and no spec changes are expected. 

Option 2: UE-sided performance assessment on functionality level (active and inactive functionalities) and applicable functionalities are reported to the NW. Here, inactive models, which are applicable for supporting ongoing functionality (CSI report) or other functionality (CSI reports), are assessed by the UE, and corresponding performances are mapped back to the functionality level. The UE can perform assessment via monitoring the performance of candidate functionalities, leading to the selection of a functionality. Based on the UE’s assessment, the UE may indicate applicable functionalities (CSI reporting configurations) to the NW. Here, models are not identified, and selecting the best model (s) per functionality is a UE implementation choice.

Option 3: NW-sided performance assessment on functionality level (active and inactive functionalities). Here, the approach is to facilitate consistency between training and inference by monitoring at the NW, and the NW selects the best functionality according to the observations at the NW. In general, this is more NW implementation option.

For both Option 2 and Option 3, there can be certain enhancements/consideration that are common. 
· When UE or NW is handling performance monitoring at the CSI report configuration level (functionality level, if the assessed performance is low for a CSI reporting configuration). For option 3, the NW may configure/indicate the DL RS repetitions (or extend Set B beam related RS transmission) to allow UE to consider more measurements. For Option 2, the UE may also request this sort of additional measurement. With more measurements being available, the UE can improve the UE-sided model performance to achieve more accurate results. The NW may maintain the configuration with repeated measurements until the beam prediction performance improves. In general, it is good to investigate RS resource set related changes to ensure reliable monitoring procedures. 
· When supporting ML operations, NW can use similar principles as OLLA (outer loop link adaptation) when activating different CSI reports. For example, considering two different CSI reports (e.g., one prediction report contains Set B beam of size 32 and Set A beam of size 64 and another CSI report contains Set B beam of size 8 and Set A beam of size 64), the UE can be activated with the first CSI report (Set B beam of size 32 and Set A beam of size 64). As the UE will be able do inactive performance monitoring of the second CSI report (Set B beam of size 8 and Set A beam of size 64, assuming Set B 8 refer to a subset in first Set B 32 beams). For Option 2, if the background model assessment within the second CSI report is having a good performance, the UE can indicate the possibility of supporting the second CSI report. Overall, the UE may be defined with some basic set of CSI reporting configurations where more conservative beam prediction and another set of CSI reporting configuration which are more advance ways of supporting beam prediction. For the second set, the UE can consider applicable functionality reporting (based on assessment as mentioned above). 

Option 4: UE and NW may do joint performance assessment (combination of Option 1-3) for functionalities and models. This joint assessment (in other words, a performance monitoring process) may require signalling support to ensure that the UE and NW refer to the same background model assessment (here, we note that functionality assessment anyways associated to a background model(s)) and the consistency may be achieved by doing joint assessments for multiple models at the UE.  
· If the UE supports parallel or sequential performance assessment/monitoring for different models/functionalities, we can expect that there may be still a limit on the maximum number of performance assessment processes that can be handled by the UE (same limitation can also come per UE from a NW perspective). Assuming such a limit (e.g., N number of performance monitoring processes supported by the UE), the UE can map each performance monitoring process to a functionality and a logical model (models may not be visible to the NW). 
· The UE can transparently assess up to N performance monitoring processes, and report any UE-sided assessment metrics (e.g., relative assessment value or monitoring KPI) associated with applicable performance monitoring processes. Additionally, some extra information can be reported, such as applicable functionalities of the performance monitoring process, correlation among different reports for a given performance monitoring process (to distinguish model updates or use of an older model), and other details. 
· If the NW can also assess performance under one or more of these monitoring processes, further information can also be sent to the UE, with some information like NW-metrics (NW perspective of the performance). 
· Over time, the UE and NW may get more insights on which performance monitoring processes works best, and it allows the flexibility to indirectly control UE’s ML functionality/model (via indirectly referring to performance monitoring process) when ensuring compatibility in training and inference operations. As long as model updates that UE gets are less frequent (even in model updates, the OTT server can give an initial assessment, which UE can report to the NW), the monitoring framework can resolve any issues that come under additional conditions.  

Proposal 14: For beam prediction use cases, the performance monitoring/assessment framework shall ensure consistency between training and inference regarding NW-side additional conditions, further discuss the following options, 
· Option 1: UE-sided model assessment in a NW-transparent manner (e.g., UE is doing performance assessment to select suitable UE models when supporting beam prediction under different NW assumptions). No spec impacts. 
· Option 2: UE-sided functionality assessment and reporting the functionality assessment (e.g., as applicable functionality reporting)
· Consider enhancements to enable monitoring of multiple beam prediction related CSI reporting configurations and reporting of applicable CSI report configuration IDs.
· Option 3: NW-sided functionality assessment (e.g., NW implementation option where NW selects suitable functionalities based on its own assessments). This option can either be UE-transparent (with no spec impact) or UE-assisted (with some spec impact on RS measurements).  
· For UE-assisted operations, consider the changes required on RS measurement and reporting framework. 
· Option 4: Joint model and functionality assessment by UE and NW. This can be considered as a combination of options 1-3. 
· FFS: further discuss details of signalling support. 

LCM aspects
Functionality corresponding to CSI Reporting Configuration
CSI reporting framework capability (TS 38.306 clause 4.2.7) describes the capability of the UE to support CSI reporting. It includes parameters defining the maximum number of periodic/aperiodic CSI reports that can be configured per CC (Component Carrier) and per BWP (Bandwidth Part). Moreover, it specifies the concurrent CSI reports per CC that the UE can measure and process, including periodic, semi-persistent, and aperiodic CSI, including beam reports.
The UE capability reporting framework should be used as the baseline when supporting UE related features on beam prediction in Rel-19. Reusing the existing capability framework with some additional UE capabilities associated with beam prediction, the NW can configure some CSI reporting configurations to enable BM-Case1 or BM-Case2 beam prediction, and other CSI reporting configurations to enable legacy-like reports. To allow some freedom in the functionality LCM, it is expected that a list of beam prediction related CSI reports configured for the UE.
Observation 5: UE capability reporting framework in TS 38.306 is also relevant as the baseline when enabling CSI configurations applicable to both BM-Case1 and BM-Case2 beam prediction.
As mentioned in Section 2.1.1, CSI reports for both BM-Case1 and BM-Case2 can operate periodic, Semi-persistent, or aperiodic like in case of legacy CSI reporting. Table 2.5‑1 depicts alternatives for beam prediction related CSI reports.
[bookmark: _Ref166073921]Table 2.5‑1: Alternatives for beam prediction related CSI reports.
	Reporting mode
	Mode/Type of activation (triggering)
	How this map to Functionality LCM

	Aperiodic CSI reporting
	DCI based triggering of CSI report.
(Trigger states are configured)
	DCI signalling to select/activate a functionality from list of functionalities (configured list of CSI reports)

Fallback CSI report can be triggered as needed (there is no restriction when configuring a fallback CSI report in the list of CSI reports)

No extra change is needed for functionality LCM signalling

	Semi-Persistent CSI reporting
	MAC-CE based activation from list of trigger state list. 
	Similar to the AP-CSI reporting, selection/activation/fallback of different CSI reports are possible with legacy (MAC-CE) signalling. 

No extra change is needed for functionality LCM signalling

	Periodic CSI reporting
	RRC configured
	RRC configured CSI report.

To select a different CSI report to be the periodic CSI report, reconfiguration is needed.

Overall, there is no limitation on using AP-CSI, SP-CSI, P-CSI at the same time, where flexibility of functionality LCM can still be supported via overall flexibility in the signalling framework 


If beam prediction related CSI report is configured to be aperiodic, it is expected that such a CSI report also has a corresponding reportConfigId within associatedReportConfigInfoList. If the beam prediction CSI report is configured to be SP, RRC based configuration or reusing the MAC activation/deactivation message can be reused. Beam prediction CSI report can also be configured to be periodic based on RRC.    
Considering the fact that NW may need the freedom to decide on switching to another CSI report (possibly based on performance monitoring), it is desirable to select/switch/activate/de-activate beam prediction functionalities to maintain flexibility for the configuration of different existing periodicity operations in the legacy CSI reporting. 
Observation 6. Selecting/switching/activating/de-activating of beam prediction CSI reports can already be supported by legacy signalling.
Proposal 15: There is no additional requirement for defining any new signalling for functionality LCM for beam prediction use case. 

NW-sided BM-Case1 & BM-Case 2
Inference Operation
Supported Modes of beam prediction – Top-1 vs Top-k
For model inference related operations with the NW sided model, the use of AI/ML based DL Tx beam prediction has several similarities with the legacy P-1 and P-2 Tx beam sweeping procedures. RAN1, during Rel-18 SI, considered signalling enhancements to allow reporting of beam measurements to enable inference in the NW sided AI/ML model. On the other hand, the legacy Rx beam sweeping procedure (P-3) could be maintained to identify the best Rx beam corresponding to the best Tx beam. 
[bookmark: _Hlk158652662][bookmark: _Hlk158650638]Given the above discussion, with BM-Case1, the NW sided AI/ML based DL Tx beam prediction can be integrated to partially replace and/or optimize the legacy P-1 and P-2 procedures for Tx beam management. For example, the following options can be assumed in the discussion when identifying the specification impacts,
· Option 1-1: In P-1 the UE measures the SSB resources corresponding to the Set B beams and reports the corresponding L1 RSRP measurements to the NW so that they can be used for NW sided model inference. In P-2, the NW can configure the UE to measure the CSI-RS resources corresponding to the predicted Top-K beams and report the best beam among the Top-K beams. This allows the NW to indicate the best beam to the UE. 
· Option 1-2: As in Option 1-1, in P-1 the UE measures the SSB resources corresponding to the Set B beams and reports the associated L1 RSRP measurements to the NW for inference using the NW sided model. P-2 can be further optimized with respect to Option 1-1 by indicating to the UE the Top-1 beam predicted by the NW sided model. 
· Option 1-3: In this option, P-1 is as in legacy and P-2 can be enhanced by configuring the UE to measure CSI-RS resources corresponding to Set B beams. The UE is configured to report the corresponding L1-RSRP measurements to the NW for use in NW sided model inference. Given the beams predicted by the NW, the NW can indicate the Top-1 beam predicted to the UE. 
BM-Case2 relates more to the periodic transmission of RS resources. SSBs are transmitted periodically and can be measured as in P-1. Like in BM-Case1, P-2 can consider the Top-K beams predicted by NW sided model. The following options can be assumed in the discussions when identifying the specification impacts,
· Option 2-1: The UE measures and reports the SSB resources corresponding to the Set B beams as in P-1 for multiple observation instances. The NW uses the corresponding historical measurements as input of the NW sided model to predict Top-K beams for N future time instance(s). Similar to BM-Case1, in P-2, the NW can configure the UE to measure and report the CSI-RS of Top-K beams. This allows the NW to indicate the best beam to the UE. 
· Option 2-2: As in Option 1-1, the UE measures and reports the SSB resources corresponding to the Set B beams.  The NW uses the corresponding historical measurements as input of the NW sided model to predict Top-K beams for N future time instance(s). The NW can indicate the Top-1 beam predicted. 
· Option 2-3: In this option, P-1 is as in legacy and the NW configures the UE to measure and report CSI-RS resources corresponding to Set B beams for multiple observation instances. The NW uses the corresponding historical measurements as input to the NW sided model to predict Top-K beams for N future time instance(s). Given the beams predicted by the NW, the NW can indicate to the UE the Top-1 predicted beam. 
· Option 2-4: As in Option 2-3, P-1 is as in legacy. In this option, the NW configures the UE to measure and report CSI-RS resources corresponding to Set A beams for multiple observation instances. The NW uses the corresponding historical measurements as input of the NW sided model to predict Top-K beams for N future time instance(s). Based on the prediction outcome, the NW can indicate to the UE the Top-1 predicted beam. 
Observation 7: The NW sided AI/ML based DL Tx beam prediction can be integrated to partially replace and/or optimize the legacy P-1 and P-2 procedures for Tx beam management. RAN1 shall identify different options for BM-Case1 and BM-Case2.  

[bookmark: _Ref158828049]Reporting of beam measurements
	[bookmark: _Hlk161768357]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 




In RAN1#116 was agreed to increase the reporting of the beam related information per reporting instance beyond 4 beams to allow the reporting of the Set B beam measurements to be used as input to the model at the NW side. 
If the set of RS resources configured for channel measurements (and associated with Set B beams) is the same of the number of beams reported in one reporting instance, then some overhead reduction approach can be adopted for instance by avoiding the report of the CRI/SSBRI and maintaining the report of all the L1-RSRP/differential L1-RSRP values. The mapping of beams in the report can follow the order of the RS resources configured so that the NW can interpret the CSI report correctly. On the other hand, if the set of RS resources configured for channel measurements (and associated with Set B beams) is greater than N_max, the UE reports the N best received beams and the remaining beams are omitted from the report. In this case, the NW sided model may not perform optimally due to the omitted measurements in the report.. Overall, some enhancements to the current specifications can be considered for BM-Case1 to reduce the UCI overhead, including,
· Change the CRI/SSBRI report behavior: This option may apply if set of RS resources configured for channel measurements is equal to the number of beams configured for reporting. For the NW to interpret the report payload properly, the UE can consider a mapping of beams in the report that follow the order of the configured RS resources. Some overhead reduction techniques can also be used, e.g. the UE can report the L1-RSRP of the best beam and report the differential L1-RSRP for all other beams, following the order of the configured RS resources.

· Set B is a subset of the measured beams Set C: This option (Opt 2D discussed during SI) considers to reduce the number of beams to be reported by the UE in one instance. As discussed in clauses 6.3.2.3 and 6.3.2.5 of TR 38.843, companies have shown that reporting part of the measurements of Set C (e.g., Top K=1/2, 1/4, 1/8) it may cause some limited performance degradation (e.g., <10% Top-1 beam prediction accuracy loss based on most of results), comparing with using all measurements from Set C. On the other hand, the UCI reporting overhead for inference inputs can be reduced (e.g., 1/2 to 7/8 UCI reporting overhead reduction) comparing with reporting all measurements of the fixed beam Set C. Enhancements may consider reporting part of the Set C measurements where justified by the reduction in UCI reporting overheads.

· [bookmark: _Hlk158653855][bookmark: _Hlk158653948]Set B quantization: According to clause 6.3.2.3 of TR 38.843, the existing quantization granularity of L1-RSRP (i.e., 1 dB for the best beam, 2 dB for the difference to the best beam) causes a minor loss in beam prediction accuracy compared to unquantized L1-RSRPs of beams in Set B. To reduce UCI reporting overhead, some companies shown that increasing the differential L1-RSRPs in the report to 4 dB quantization step with the existing quantization range results in less than 5% loss in terms of Top-1 beam prediction accuracy compared to unquantized L1-RSRPs of beams in Set B. Therefore, enhancements can consider to introduce a more compressed and efficient RSRP quantization compared to legacy approach.

· Set B beam selection/omission: In the legacy reporting configuration, the NW configures the number of beams per reporting instance (i.e., N) and the UE is required to report N beams based on the implementation. In other words, the UE is not required to report specific beams/RS from the configured set of reference signals. Enhancements can consider reporting on the basis of specific beams/RSs indicated by the NW. In addition, beams in Set B can be reported if they have an L1 RSRP(s)/SNR higher than a threshold. The remaining beams can be omitted from the report, resulting in a reduction in UCI overhead.
For BM-Case2 with a NW-side AI/ML model, in RAN1#116 was discussed the possibility to extend the reporting to include information on measurements of multiple past time instances in one reporting instance. Also in this case, the UCI reporting overhead (e.g., number of UCI reports and UCI payload size) can potentially become large, so enhancements to measurement reporting should take the UCI overhead into account. To differentiate measurements of multiple past time instances in one reporting instance, was discussed the addition to the report of information related to the time stamp corresponding to the time instance(s) associated with the measured beam(s) information. For the latter, we do not consider beneficial the introduction of further reporting overhead, whenever time stamp information can be derived from the report based on the NW sided AI/ML model configuration (observation window and prediction window).
In summary, for BM-Case2 we expect the need to extend the current specifications taking into account the enhancements mentioned for BM-Case1, in addition to considering enhancements to allow the NW to configure/indicate the UE reporting of multiple past time instances in one reporting instance.
Proposal 16: Consider the following for a CSI report that enables beam prediction at the NW,
· For BM-Case1 and BM-Case2, when reporting beam related information for N>4 beams for each reporting instance, support
· Option 1: Beam related information can be N > 4 CRIs/SSBRIs and corresponding L1-RSRPs of one measurement resource set.
· Option 2: Beam related information can be an indication of resource subset and corresponding L1-RSRP of the resources within the resource subset. The UE may be configured with multiple resource subsets (e.g., can corresponding to fixed beam patterns considered by the NW) for reporting. 
· For BM-Case1 and BM-Case2, consider enhancements for L1-RSRP quantization, increasing the differential L1-RSRPs in the report to X dB quantization step.
· FFS: Value(s) of X (larger than legacy X>2dB) to reduce UCI reporting overhead.
· For BM-Case2, consider enhancements to report multiple past time instances in one reporting instance
· FFS: Number of consecutive measurements of beams/RSs to be made between reporting instances.
· FFS: whether specific beams/RSs can be reported for each reporting instance, including beam selection and/or beam omission. 
· FFS: whether for BM-Case2 time stamp information can be derived from report based on report configuration.

Configuring/indicating Set B
	Agreement
For network-sided AI/ML model for BM-Case1 and BM-Case2, 
· support using existing CSI framework for configuration of Set A as the starting point
· support using existing CSI framework for configuration of Set B as the starting point
· Note: Purpose, such as above “For NW-sided model, for BM-Case1 and BM-Case2” and “Set A” and “Set B”, will not be specified in RAN 1 specifications 



The current beam measurement and reporting framework allows to configure the UE with a resource set including the RS resources corresponding to Set B beams. The reporting configuration may also include the RS resource set corresponding to the Set B beams or part of Set B beams. Also, legacy CSI reporting framework have multiple options for configuring different time behaviors like aperiodic (AP), periodic (P), or semi-persistent (SP). For example, the UE can be configured with a periodic beam report where the beam report includes quantities such as SSBRI-RSRP or CRI-RSRP. 
As agreed in RAN1 #116b, it is desirable to adopt the legacy beam measurement and reporting framework to configure the UE with a resource set corresponding to the Set B beams. 
For the BM-Case1 functionalities, assuming DL Tx beam prediction, the NW can configure the UE with measurement RS set (Set B) as follows,
· In Alt. i) Set A and Set B are different (Set B is NOT a subset of Set A), the NW can configure the UE to measure on a SSB Resource Set corresponding to Set B beams and to report the SSBRI and the L1-RSRP corresponding to the beams configured/indicated by the NW. Enhancements to the report considered for BM-Case1 in Section 3.1.2 may apply. 
· In Alt. ii): Set B is a subset of Set A, the NW can configure the UE to measure on a CSI-RS Resource Set corresponding to Set B beams and to report the CRI and L1-RSRP corresponding to the beams configured/indicated by the NW. Enhancements to the report considered for BM-Case1 in Section 3.1.2 may apply.
For the BM-Case2 functionalities, assuming DL Tx beam prediction, the NW can configure the UE with measurement RS set (Set B) as follows,
· In Alt. i): Set A and Set B are different (Set B is NOT a subset of Set A), similar to BM-Case1, the NW can configure the UE to measure on an CSI-RS Resource Set corresponding to Set B beams and to report the SSBRI and the L1-RSRP corresponding to the beams configured/indicated by the NW. Enhancements to the report considered for BM-Case2 in Section 3.1.2 may apply. 
· In Alt. ii): Set B is a subset of Set A (Set A and Set B are not the same), similarly to BM-Case1, the NW can configure/indicate the UE to measure on a CSI-RS Resource Set corresponding to Set B and to report the CRI and L1-RSRP corresponding to the beams configured/indicated by the NW. Enhancements to the report considered for BM-Case2 in Section 3.1.2 may apply.
· In Alt. iii): Set A and Set B are the same, the NW can configure the UE to measure the same CSI-RS Resource Set configured for the inference and to report the CRI and the L1-RSRP corresponding to the beams configured/indicated by the NW. Enhancements to the report considered for BM-Case2 in Section 3.1.2 may apply. 
Observation 8: For NW-sided inference, the UE may need to measure Set B and report the measured beams to the NW, e.g., considering enhancements for reporting beam measurements. The NW can use a CSI report to get such beam measurements and reuse legacy RS resource set (resourcesForChannelMeasurement) as the RS set applicable for Set B beams. 
Beam Indication
	[bookmark: _Hlk161769175]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




In RAN1#116 was agreed to adopt the unified TCI state framework as in legacy beam management. It was also indicated to further study potential enhancements if needed.
Considering BM-Case1, in one option, the NW can determine whether any changes are required to the set of active TCI states, and if so, the NW can adapt the set of active TCI states based on the prediction outcome of the NW-sided model.  The NW can make sure that the RS resource corresponding to the activated/indicated beams have been measured by the UE prior any beam indication takes place corresponding to a predicted RS resource. As the UE is not involved with any prediction activity, it is hard to assume that the UE knows spatial Rx information for a predicted beam by the NW. As in the legacy procedures, if the indicated beam is associated with a measured RS resource, there is a lower delay in applying the beam after the indication. On the other hand, if it is associated with a predicted RS resource, the NW may take into account the delay required by the UE to measure the RS resource before applying the corresponding beam. 
Observation 9: For BM-Case1 with the NW-sided model, as the UE may not know spatial Rx information and/or UE may not have reported the L1-RSPR of beams predicted by NW, it is hard to introduce change for the legacy UE behaviors when applying the TCI indication (i.e., no enhancements to the legacy behavior). 

In BM-Case2, the discussion related to Release-18 SI mainly focused on mobility scenarios, hence the timelines and delays for measuring a predicted RS resource may be even more stringent than in BM-Case1, and the BM-Case2 discussion should consider the changes/limitations to the applicability of beam indication and timelines taking into account a scenario with mobility.
At the same time, similar to the case of the UE-side AI/ML model, RAN1 shall investigate, for BM-Case2, how to indicate multiple beams for multiple future time instances via one beam indication. For example, the best beams may be indicated to the UE together with the corresponding application time information. Overall, it is preferable to extend the existing TCI State indication to multiple beams. As the prediction happens at the NW, similar to the case of BM-Case1, it is hard to expect that the UE can apply the beam indications if the RS resources corresponding to the beam indication are not measured according to the timelines defined by RAN4. 

Proposal 17: For BM-Case2 with the NW-sided model, consider extending the Rel-17 TCI state activation/indication signalling methods to activate/indicate N TCI states corresponding to future time N instances.
Performance monitoring
As discussed in the RAN1 #116, “For NW-sided model, study whether the mechanism for data collection for training or measurement report for inference can be re-used for performance monitoring” most companies suggested to reuse mechanisms discussed for data collection for training and measurement reporting for inference. In general, would be beneficial to define a common mechanism for measurement reporting for inference and for data collection for monitoring and training. On the other hand, there are specific aspects related to the performance monitoring that we address as follows.
For the NW-sided performance monitoring of beam prediction at the NW, similar to the NW-sided performance monitoring of the UE-sided model, it is desirable for the NW to configure/indicate a RS resource set for the monitoring RS resources such that the UE performs the measurements of the configured/indicated RS resources and reports them back to the NW. Thus, the NW can calculate performance metrics or relevant KPIs (such as beam prediction accuracy, RSRP differences, etc.) using a combination of the reported measurements corresponding to the monitoring RS resources, in addition to the beam prediction results obtained with the NW-sided model that use measurements reported for inference. 
For the BM-Case1 and BM-Case2 performance monitoring functionalities, the NW may need to configure the UE with a different reporting configuration to report performance monitoring related measurements depending on the case, including, 
· Alt. i) Set A and Set B are different (Set B is NOT a subset of Set A): The NW shall configure the UE with a different CSI-RS Resource Set corresponding to Set A beams or part of Set A beams and configure the UE to report the N best received beam information such as CRI or CRI/RSRP, depending on the performance metric to be calculated. Enhancements to the report considered for BM-Case1/ BM-Case2 in Section 3.1.2 may apply. 
· Alt. ii) Set B is a subset of Set A: there could be alternatives,
· Similar to Alt. i), the NW shall configure the UE with a different CSI-RS Resource Set corresponding to Set A beams or part of Set A beams.
· The NW may configure the UE with a same CSI-RS Resource Set corresponding to Set A beams or part of Set A beams and configures the UE to report beams measurements for inference as well as measurements for performance monitoring. Enhancements to the report considered for BM-Case1 in Section 3.1.2 may apply. 
· Alt. iii) Set A and Set B are the same (applies to BM-Case2 only): In this case, the inference related measurements can be used to calculate performance metrics or relevant KPIs. It is therefore reasonable to assume that only one CSI report configuration is needed.
[bookmark: _Hlk158657430]Observation 10: For NW-sided performance monitoring for beam prediction at the NW, the NW may configure a single CSI report for both inference and monitoring, where an additional RS set may be required to be considered as the monitoring RS resource set. This may make the performance monitoring visible to the UE. 
Monitoring may not be visible if the NW configures a different CSI report as in the legacy beam measurement and reporting frameworks.
Observation 11: For NW-sided performance monitoring for beam prediction at the NW, the NW may configure a different CSI report configuration for monitoring. Monitoring may not be visible if the NW configures a different CSI report. 
Proposal 18: For BM-Case1 and BM-Case2 with the NW-sided model, to enable the NW-sided performance monitoring, further discuss following variants, 
· Case1: No enhancement is needed to support NW-sided performance monitoring. 
· E.g., the NW can use a different CSI report to get beam measurements/reporting for a monitoring RS resource set (as NW prefer) within the legacy CSI reporting framework.  
· Case 2: NW is using the same CSI reporting configuration for monitoring and inference. 
· Monitoring RS resource set is configured/indicated separately from Set B. For the monitoring RS resource set, the NW may configure separate reporting timelines and reporting quantities. 

Data collection (for training)
One of the discussion points suggested to be addressed during RAN1#116b is to consider the data collection for the NW sided model. The discussion may cover the following aspects: Definition of purpose, whether data collection is for training or performance monitoring, container such as L1 signalling report or higher layer signalling report, and the content of the report in each case. Finally, any new assumption on Rx at the UE sided to obtain the measurement can also be clarified. 
· [bookmark: _Hlt163114703][bookmark: _Hlt163114704]We expect RAN1 to prioritize improvements related to reporting. In addition, enhancements related to UE data collection should be made taking into account the existing beam measurement and reporting frameworks. In particular, the enhancements to the report considered for BM-Case1/ BM-Case2 in Section 3.1.2 should be considered when discussing the data collection aspects for NW-sided BM-Case1 and BM-Case2. 
Observation 12: NW-sided data collection should be made taking into account the existing beam measurement and reporting frameworks. Enhancements discussed for reporting beam measurements should be considered when discussing the data collection aspects.
· In our view, L1 signaling mechanisms are likely to be discussed for measurement reporting for inference, for data collection for monitoring. Therefore, it would be beneficial to reuse those mechanisms also in the case of data collection for training. Details and whether higher layer signaling can be additionally used may be left to RAN2 discussion. RAN1 could focus to define the content of the report. For BM-Case1, three options were presented during the RAN1#116 discussion, including, 
· Opt 1: “L1-RSRPs based on one (FFS: two) measurement resource set and L1-RSRPs from the resource for Set B of beams which only included when Set B is different from Set A.”
This option can be introduced for the NW-sided model for regression, where the output is the predicted L1-RSRP. In addition, this option can also be considered for the model for classification, as the NW can derive the ground truth value of the best Top-1 beam over the Set A beams. Similar considerations as described in Section 3.1.2 to avoid reporting of CRI can be made in this case. For the alternative, where Set B is different from Set A, the configuration can be made with one or two measurement resource sets as discussed in the monitoring report. 
· [bookmark: _Hlk163128509]Opt 2: “L1-RSRPs from the resource for Set B of beams, and beam information for Top 1 (FFS: Top K) beam(s) among Set A of beams.”
This option can be used when training a NW-sided model for classification, where the output is the Top-K predicted CRI. For the alternative, where Set B is different from Set A, configuration can be done with one or two measurement resource sets as discussed in the monitoring report. 

· Opt 3: “A subset of L1-RSRPs from the resource for Set A of beams, all or a subset of L1-RSRPs from the resource for Set B of beams, and beam information for Top 1 (FFS: Top K) beam(s) among Set A of beams.”
This option may only be applicable to specific type of NW-sided models for regression, however, NW-sided model for classification do not require a subset of L1-RSRPs from Set A of beams. In general, reporting the subset of L1-RSRPs from the resource for Set A can reduce the reporting overhead. Nevertheless, techniques for reducing reporting overhead can be defined in common with measurement reporting for inference. 
· [bookmark: _Hlk163128862]Rx beam assumption: For the NW side, there is no mechanism to ensure that the UE selects the best Rx beam when measuring Tx beams. Non-optimal Rx beam selection can lead to inaccurate L1-RSRP measurements reporting, as shown in the in the evaluation results where the accuracy of the prediction dropped significantly when a random Rx beam selection was assumed. One possibility for the NW-sided model is that the “best” or “Quasi-optimal” Rx beam should be selected by the UE and assumed at the NW as current Rx beam assumption for a measurement report. If such a possibility is not practical as it increases the measurement overhead for the UE, other mechanisms can be considered to align NW and UE about the Rx beam assumption considered for the reported measurements. 

Proposal 19: For BM-Case1 and BM-Case2, support NW-sided data collection (for training) for beam prediction related CSI reporting, and further discuss the following options, 
· Option 1: Use CSI report to report L1-RSRPs for all resources in one or two measurement resource sets. 
· NW assumptions on Set B and Set A combinations may decide whether it is one or two sets.  
· Option 2: Use CSI report to report L1-RSRPs for all resources in a first measurement resource set, and Top-1/K beam information in a second measurement set. 
· FFS: how to indicate assumption on Rx beams in the CSI report.
· “best” or “Quasi-optimal” Rx beam should be selected by the UE and reflected in the measurement reports.


Conclusion
In this contribution, we discuss details of ML for beam management use case and have the following proposals and observations, 
UE-sided model
Proposal 1: For BM-Case1, consider the following for a CSI report that enables beam prediction at the UE,
· For the supported Opt.1 and Opt.2,  
· K = 1, 2, and 4. K is configurable to the UE.
· Beam information refer to CRIs corresponding to Set A 
· RSRP of predicted Top K beam(s) reported similar to legacy L1-RSRP reporting. 
· For the case of Set B is subset of Set A, RSRP of predicted Top K beam(s) can be corresponding to the measured or predicted L1-RSRP, and NW can determine it based on corresponding CRI. 
· Study further details on Opt. 3, where reporting content shall be “Top-K Predicted-CRIs, probability info” corresponding to a Set A. 
· K = 1, 2, and 4. K is configurable to the UE.
· Beam information shall refer to CRIs corresponding to Set A
· Probability information shall be the probability of the beam to be the Top 1. 
· FFS: how to report probability information (e.g., quantization method of probability information of predicted Top K beam(s)). 
· Do not support Opt.4. 
· FFS: whether measured beam related quantities (CRIs, L1-RSRP) of Set B can be configured to report within the same beam report. 

Proposal 2: For BM-Case2, support reporting of “Top-K Predicted-CRIs for N time periods” or “Top-K Predicted-CRIs, predicted L1-RSRPs for N time periods” corresponding to a Set A, where K and N are configurable to UE. 
· K = 1, 2, and 4
· N = 1, 2, 3, and 4
· FFS: Other overhead reduction options to apply when K and N values are large, including changes to the reporting format.

Proposal 3: Consider the following when configuring Set A beams in a beam prediction related CSI report, 
· For BM-Case1 and BM-Case2, considering the case of Set B is a subset of Set A, support Alt2 (one CSI-ResourceConfigId is configured for both Set A and Set B) as a basic case to configure/indicate a second RS resource set associated with the CSI report configuration to consider as Set A.  
· For BM-Case1 and BM-Case2, considering the case of Set A and Set B are different, support the following options.  
· Option 1: Configure/Indicate a second RS resource set associated with the CSI report configuration (Alt2: one CSI-ResourceConfigId is configured for both Set A and Set B).
· Option 2: UE determines Set A based on QCL relations between Set B and configured CSI-RS resources (Alt1: one CSI-ResourceConfigId is configured for Set). 
· Option 2 may be applied when there is no second resource set configured by the NW
· For BM-Case2, considering Set A and Set B are the same, the legacy RS resource set (resourcesForChannelMeasurement) applicable to both Set B and Set A. 
· For BM-Case1 and BM-Case2, consider Alt.4 as an optional alternative depending on the discussions related to data collection and performance monitoring.

Proposal 4: For BM-Case1 with the UE-sided model, consider following enhancements/limitations/changes related to the applicability of the beam indication. 
· The applicability of the TCI indication for a channel/signal may be depended on whether the TCI indication is associated with a measured RS resource or predicted RS resource. E.g., extend followUnifiedTCI-State. 
· The UE considers a TCI indication associated with a predicted RS resource as known TCI state. 
· Check the feasibility of this with RAN4

Proposal 5: For BM-Case2 with the UE-sided model, extend the Rel-17 TCI state activation/indication signalling methods to activate/indicate N TCI states which are corresponding to future time N instances. 
· FFS: maximum number for N 
· FFS: Time periods that each indicated TCI state is applicable. 

Proposal 6: For BM-Case2 with the UE-sided model, consider enhancements/limitations/changes related to applicability of the beam indication. 
· The applicability of the TCI indications for a channel/signal may be depended on whether the TCI indications are associated with measured RS resources or predicted RS resources. E.g., extend followUnifiedTCI-State. 
· The UE considers TCI indications associated with predicted RS resources as known TCI state. 
· Check the feasibility of this with RAN4

Observation 1: For NW-sided performance monitoring of a beam prediction related CSI report, the UE may need to measure Set A or subset of Set A and report the measured beams (e.g., Top-1/4 strongest beams) to the NW. The NW can use a different CSI report to get such beam measurements within the legacy CSI reporting framework. 
Proposal 7: For BM-Case1 and BM-Case2, support NW-sided performance monitoring for beam prediction related CSI reporting, and further discuss the following variants, 
· Case1: No enhancement is needed to support NW-sided performance monitoring. 
· E.g., the NW can use a different CSI report to get beam measurements/reporting for a monitoring RS resource set (as preferred by the NW) within the legacy CSI reporting framework.  
· Case 2: Enhancements when using the same CSI reporting configuration for monitoring and inference. 
· Option 1: Consider monitoring RS resource set = Set A (same RS resource set for inference and monitoring). 
· Option 2: Monitoring RS resource set is configured/indicated separately from Set A. 
· Option 3: Monitoring RS resource set is determined by the UE based on active TCI states or inference outcome(s). 
· For Options 1-3, the NW configures (associated to the CSI report) the reporting timelines and reporting quantities for the monitoring RS resource set. 

Proposal 8: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for a beam prediction related CSI reporting, discuss whether the following options can be used for the reporting of performance monitoring related KPIs, 
· Option 1: reporting of “Top-K beam prediction accuracy” corresponding to predicted Top-K beam IDs, where K is configurable to the UE.  
· Option 2: reporting of “L1-RSRP difference” corresponding to Top-1 predicted beam. 
· Option 3: reporting of “L1-RSRP difference predicted” corresponding to predicted L1-RSRP of Top-1 predicted beam, if predicted L1-RSRP is supported by AI/ML model output. 
· Note: The UE shall refer to the KPIs definition contained in TR 38.843, more realistic assumptions for ideal L1-RSRP and genie-aided beam shall be described if any of the above metrics are defined in the normative specifications. 

Observation 2: For UE-assisted performance monitoring of a beam prediction related CSI report, the UE may need to measure Set A or subset of Set A, and report the performance monitoring related KPIs to the NW. 
Proposal 9: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for a beam prediction related CSI reporting, study whether the same CSI report (CSI report that used for inference) or a different CSI report should be used.  
· For the case where the same CSI report is used for monitoring and inference. Discuss following variants, 
· Option 1: Consider monitoring RS resource set = Set A (same RS resource set for inference and monitoring). 
· Option 2: Monitoring RS resource set is configured/indicated separately from Set A. 
· Option 3: Monitoring RS resource set is determined by the UE based on active TCI states or inference outcome(s). 
· For Options 1-3, the NW configures (associated to the CSI report) the reporting timelines and monitoring KPIs for the monitoring RS resource set. 
· For the case where different CSI reports are used for monitoring and inference, NW can configure/indicate the monitoring RS resource set (resourcesForChannelMeasurement) within the legacy CSI reporting framework.

Observation 3: For UE-assisted performance monitoring of a beam prediction related CSI report, it is desirable that performance monitoring based on reporting monitoring related KPIs and performance monitoring based on events can be enabled separately. 
Proposal 10: For BM-Case1 and BM-Case2, considering UE-assisted performance monitoring for beam prediction related CSI reporting, discuss the following for event-based reporting, 
· Details of monitoring RS resource(s) (in other words, failure detection RS resources) 
· Details of failure events, including the associated configurations to determine the failure instances for a beam prediction related CSI report.
· Details of reporting for failure event, including reporting content 
· Strive to use similar mechanisms as in BFR procedures.

Proposal 11: RAN1 to prioritize work on specifying NW-side performance monitoring and discuss/study different options for UE-assisted performance monitoring. Deprioritize UE-side performance monitoring. 

Observation 4: Enhancements related to UE data collection should be made taking into account the legacy beam measurement and reporting frameworks. Considerations on signalling aspects related to assistance information can be discussed under the section related to information and/or indication on NW-side additional conditions. 
Proposal 12: For beam prediction use-cases, RAN1 shall support a solution to ensure consistency between training and inference regarding NW-side additional conditions. 
Proposal 13. For beam prediction use cases, to ensure consistency between training and inference regarding NW-side additional conditions, consider introducing an identifier (associated ID) in the CSI-RS resource configuration or measurement resource sets defined within the CSI-RS resource configuration. 
· The purpose of the identifier is to differentiate or relate NW-side assumptions used in the CSI-RS or SSB transmissions associated with different CSI-RS resource configurations. 
· Assigning identifiers (associated ID) shall be left to NW-implementations. 

Proposal 14: For beam prediction use cases, the performance monitoring/assessment framework shall ensure consistency between training and inference regarding NW-side additional conditions, further discuss the following options, 
· Option 1: UE-sided model assessment in a NW-transparent manner (e.g., UE is doing performance assessment to select suitable UE models when supporting beam prediction under different NW assumptions). No spec impacts. 
· Option 2: UE-sided functionality assessment and reporting the functionality assessment (e.g., as applicable functionality reporting)
· Consider enhancements to enable monitoring of multiple beam prediction related CSI reporting configurations and reporting of applicable CSI report configuration IDs.
· Option 3: NW-sided functionality assessment (e.g., NW implementation option where NW selects suitable functionalities based on its own assessments). This option can either be UE-transparent (with no spec impact) or UE-assisted (with some spec impact on RS measurements).  
· For UE-assisted operations, consider the changes required on RS measurement and reporting framework. 
· Option 4: Joint model and functionality assessment by UE and NW. This can be considered as a combination of options 1-3. 
· FFS: further discuss details of signalling support. 

Observation 5: UE capability reporting framework in TS 38.306 is also relevant as the baseline when enabling CSI configurations applicable to both BM-Case1 and BM-Case2 beam prediction.
Observation 6. Selecting/switching/activating/de-activating of beam prediction CSI reports can already be supported by legacy signalling.
Proposal 15: There is no additional requirement for defining any new signalling for functionality LCM for beam prediction use case. 
NW-sided model
Observation 7: The NW sided AI/ML based DL Tx beam prediction can be integrated to partially replace and/or optimize the legacy P-1 and P-2 procedures for Tx beam management. RAN1 shall identify different options for BM-Case1 and BM-Case2.  
Proposal 16: Consider the following for a CSI report that enables beam prediction at the NW,
· For BM-Case1 and BM-Case2, when reporting beam related information for N>4 beams for each reporting instance, support
· Option 1: Beam related information can be N > 4 CRIs/SSBRIs and corresponding L1-RSRPs of one measurement resource set.
· Option 2: Beam related information can be an indication of resource subset and corresponding L1-RSRP of the resources within the resource subset. The UE may be configured with multiple resource subsets (e.g., can corresponding to fixed beam patterns considered by the NW) for reporting. 
· For BM-Case1 and BM-Case2, consider enhancements for L1-RSRP quantization, increasing the differential L1-RSRPs in the report to X dB quantization step.
· FFS: Value(s) of X (larger than legacy X>2dB) to reduce UCI reporting overhead.
· For BM-Case2, consider enhancements to report multiple past time instances in one reporting instance
· FFS: Number of consecutive measurements of beams/RSs to be made between reporting instances.
· FFS: whether specific beams/RSs can be reported for each reporting instance, including beam selection and/or beam omission. 
· FFS: whether for BM-Case2 time stamp information can be derived from report based on report configuration.

Observation 8: For NW-sided inference, the UE may need to measure Set B and report the measured beams to the NW, e.g., considering enhancements for reporting beam measurements. The NW can use a CSI report to get such beam measurements and reuse legacy RS resource set (resourcesForChannelMeasurement) as the RS set applicable for Set B beams. 
Observation 9: For BM-Case1 with the NW-sided model, as the UE may not know spatial Rx information and/or UE may not have reported the L1-RSPR of beams predicted by NW, it is hard to introduce change for the legacy UE behaviors when applying the TCI indication (i.e., no enhancements to the legacy behavior). 

Proposal 17: For BM-Case2 with the NW-sided model, consider extending the Rel-17 TCI state activation/indication signalling methods to activate/indicate N TCI states corresponding to future time N instances.
Observation 10: For NW-sided performance monitoring for beam prediction at the NW, the NW may configure a single CSI report for both inference and monitoring, where an additional RS set may be required to be considered as the monitoring RS resource set. This may make the performance monitoring visible to the UE. 
Observation 11: For NW-sided performance monitoring for beam prediction at the NW, the NW may configure a different CSI report configuration for monitoring. Monitoring may not be visible if the NW configures a different CSI report. 
Proposal 18: For BM-Case1 and BM-Case2 with the NW-sided model, to enable the NW-sided performance monitoring, further discuss following variants, 
· Case1: No enhancement is needed to support NW-sided performance monitoring. 
· E.g., the NW can use a different CSI report to get beam measurements/reporting for a monitoring RS resource set (as NW prefer) within the legacy CSI reporting framework.  
· Case 2: NW is using the same CSI reporting configuration for monitoring and inference. 
· Monitoring RS resource set is configured/indicated separately from Set B. For the monitoring RS resource set, the NW may configure separate reporting timelines and reporting quantities. 

Observation 12: NW-sided data collection should be made taking into account the existing beam measurement and reporting frameworks. Enhancements discussed for reporting beam measurements should be considered when discussing the data collection aspects.
Proposal 19: For BM-Case1 and BM-Case2, support NW-sided data collection (for training) for beam prediction related CSI reporting, and further discuss the following options, 
· Option 1: Use CSI report to report L1-RSRPs for all resources in one or two measurement resource sets.
· NW assumptions on Set B and Set A combination may decide whether it is one or two sets.  
· Option 2: Use CSI report to report L1-RSRPs for all resources in a first measurement resource set, and Top-1/K beam information in a second measurement set. 
· FFS: how to indicate assumption on Rx beams in the CSI report.
· “best” or “Quasi-optimal” Rx beam should be selected by the UE and reflected in the measurement reports.


	
	
	



