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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
AI/ML enabled beam management has been evaluated in Rel-18 and based on the evaluation results collected in TR38.843, AI/ML inference can provide significant gains in some cases for the identified use cases. Given such justification, it was approved to support the AI/ML enabled beam management in NR Rel-19 with the following objective [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



The following agreements were achieved in RAN1#116[3]
	Agreement
For NW-sided model, for inference, in a beam report initiated by network, based on one measurement resource set, support the report of more than 4 beam related information in L1 signaling
· Note: Purpose, such as above “For NW-sided model, for inference”, will not be specified in RAN 1 specifications
· FFS on the report content for beam related information 
· FFS on max number of reported beam related information in one report 
Agreement
For UE-sided model, at least for BM-Case1, for content in the report of inference results, support 
· Opt 1: Beam information on predicted Top K beam(s) among a set of beams
· Opt 2: Beam information on predicted Top K beam(s) among a set of beams and RSRP of predicted Top K beam(s) among a set of beams
· At least K=1 and more, FFS on max value
· FFS on beam information 
· FFS on the definition of predicted Top K beam(s)
· FFS on definition of reported RSRP when applicable
· FFS on other information in the report with potential down selection among the following options 
· Opt 3: Beam information on predicted Top K beam(s) among a set of beams and probability information of predicted Top K beam(s) among a set of beams
· FFS on the quantization method of probability information
· Probability information is the probability of the beam to be the Top 1 or Top K beam
· Opt 4: Beam information on predicted Top K beam(s) among a set of beams, RSRP of predicted Top K beam(s) among a set of beams, and confidence information of the RSRP
· FFS on definition of reported RSRP 
· FFS on the definition and quantization method of confidence information
· Other options are not precluded.
where the set of beams is Set A, i.e., the beams for UE prediction.

Agreement
For NW-sided model and for UE-sided model, beam indication is based on unified TCI state framework
· FFS on whether/how potential enhancement is needed
Conclusion
For UE sided model at least for inference, for measurement, the configuration of Set B, 
· take the current CSI framework as the starting point



The following agreements were reached in RAN1#116bis
	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

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

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.

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.

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. 

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. 



 
In this contribution, we provide our views on the specification support for AI/ML enabled beam management.

Discussion
Data collection for model training
Basically, for beam prediction, SSB, CSI-RS for beam management and SRS for beam management, which are used for traditional beam management, should be at least used for the data collection for model training and model inference. 
For UE-side AI/ML inference, one typical case is that the AI/ML model is trained at the UE side. The training data is available for the UE with the legacy beam measurement and beam report framework based on CSI-ReportConfig. In NR Rel-18, the beam measurement and report behavior are fully controlled by the NW. However, for UE-side model training, the UE should have the permission to trigger/request a beam measurement procedure for data collection at least for model training. For example, the gNB can transmit a larger set of RSs with proper periodicity to the UE for data collection according to UE’s request. This can be achieved by configure a CSI-ReportConfig for data collection for model training without beam report. The UE can obtain the model input and the labeled data according to the measurement on the received RSs.
Proposal 1:  Support UE initiated beam management procedure for data collection for UE-side model training.
To support NW-side model inference, RAN1 agreed to support the feature on reporting more than 4 beams in a beam report based on one measurement beam set. For example, the NW can configure a CSI-ReportConfig for a UE to report the measurement results on all the RS resources that are configured as the channel measurement resource (CMR) for model inference or model training. However, the beam report overhead may be larger when the number of RS resources configured for CMR are larger. Beam report with overhead reduction should be further considered. According to observation achieved in the study phase, at least for model inference, UE may omit some the beams with very lower measure quality, e.g., with smaller measured L1-RSRP/SINR value. On the other hand, the measurement results for adjacent measurement instances may be highly correlated, and the UE only needs to report some of them. The beam report overhead can be reduced by exploiting this information. As a result, the UE can report the measurement results of a subset of the set of beams which are configured to be measured. In other words, the beam report with variable size can be supported.
Proposal 2:  Support procedures that enable a UE to transmit a subset of the set of measured/collected samples from the environment (e.g., more informative samples among all samples).

Model inference
As indicated in TR38.843, an enhanced or new CSI report configuration is needed to facilitate the AI/ML model inference. Two options can be considered for NW-side inference as well as UE-side inference with both use cases, where one option is to reuse the legacy CSI-ReportConfig and another option is to use a new CSI-ReportConfig, e.g., AI-CSI-ReportConfig. However, the corresponding enhancements may be different for UE-side and NW-side inference. In the following sections we will discuss the enhancements for UE side inference and NW side inference, respectively.
For UE-side AI/ML inference
Legacy CSI framework via CSI-ReportConfig is preferred to be enhanced for AI/ML based beam report. An indication is needed to tell the UE to select proper AI/ML model for the corresponding AI/ML inference for UE side inference. How to determine the AI/ML model may be up to UE implementation, however, considering that different AI/ML models may correspond to different prediction beam set A, it’s important to align the understanding on the reported beams which are selected from the prediction beam set A. This issue was discussed in RAN1#116bis and the following agreements were achieved:
	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. 

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.



In our understanding, if the UE has multiple AI/ML models/functionalities for a use case, an ID, e.g., an AI/ML model ID, an AI/ML functionality ID, data set ID or other ID, can be associated with a CSI-ReportConfig or be associated with the CMR of a CSI-ReportConfig for AI/ML based beam report. Regarding to the determination of the Set A beams, it should be enough to associate a Set A beam to each of the Set B beams which can be configured as the CMR of a CSI-ReportConfig.  The UE and the NW can determine a proper AI/ML model and the Set A beams based on the associated ID and the configured CMR for AI inference to ensure the consistency across training and inference. 
Proposal 3:  [bookmark: _Hlk157783658]An indication is needed for the UE to select proper AI/ML model for AI/ML inference for a CSI-ReportConfig with AI/ML inference. 
Proposal 4:  Associate a prediction beam Set A for a measurement beam Set B for the UE to determine the Set A beams for a CSI-ReportConfig with AI/ML inference and the Set A beams are not needed to be explicitly configured for the CSI-ReportConfig.
When the scenario or the applicable condition is changed, for example the UE speed is changed from low-speed scenario to high speed scenario, the associated AI/ML model/functionality for AI inference may not be suitable for the current scenario, then the UE may need to switch to another AI/ML model/ functionality or even fall back to the non-AI/ML based beam measurement/report. Therefore, dynamic switching between AI/ML based beam prediction and non-AI/ML based beam report and dynamic switching between different AI/ML models/functionalities for a CSI report configuration with AI inference should be supported.
Proposal 5:  [bookmark: _Hlk157783669]Dynamic switching between AI/ML based beam prediction and non-AI/ML based beam report schemes as well as dynamic switching between different AI/ML models/functionalities for a CSI report configuration with AI inference should be supported.
Regarding the two use cases:
· [bookmark: OLE_LINK1]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”)
For BM-Case1, the UE only need to input the measurement results of Set B of beams in one measurement instance to the AI/ML model, and the predicted beams for Set A, i.e., the model output, shall be used to obtain the beam report. For BM-Case2, the UE inputs the measurement results of Set B of beams in multiple measurement instances to the AI/ML model, and the AI/ML model outputs the predicted beam for Set A for multiple future time instances, which shall be used for the UE to obtain the beam report. 
Measurement beam Set B is different from the prediction beam Set A for BM-Case1, while Set B maybe the same as Set A for BM-Case2. BM-Case1 can be seen as a specific case of BM-Case2 with single measurement instance and single prediction instance. With this observation, a common beam report framework can be specified to support both BM-Case 1 and BM-Case 2 for UE-side inference.
Proposal 6:  [bookmark: _Hlk157783677]Specify a common beam report configuration to support both BM-Case1 and BM-Case2 for UE-side inference.
The RS resources corresponding to measurement Set beams can be configured as the channel measurement resource (CMR) for a CSI-ReportConfig for AI based beam report and the UE can determine a prediction beam Set A, which is associated with the beam Set B configured as CMR, for beam report. Similar with legacy beam report, periodic beam report, semi-persistent beam report on PUCCH, semi-persistent beam report on PUSCH, aperiodic beam report should be supported for the beam report with AI prediction.
Proposal 7:  Support periodic beam report, semi-persistent beam report on PUCCH, semi-persistent beam report on PUSCH, aperiodic beam report with AI prediction.
Regarding the content of beam report with AI inference, the following two options were provided in RAN1#116bis:
· 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.
In our understanding, option A should be the baseline. Considering that the measured RSRP and the predicted RSRP for  a  beam may be different, it might be confusing for the UE how to determine the top-K beams for reporting in the beam report with option B. For example, the beam sort may be different by comparing the predicted RSRP and by comparing the predicted and measured RSRP. 
Proposal 8:  [bookmark: _Hlk157783684]Support to report the predicted RSRP for the reported beams in a beam report with AI inference for BM-Case 1 .
Regarding the beam report for BM-Case 2, we prefer to confirm the following working assumption because the UE cannot obtain the measured RSRP for the beams corresponding to the future time instance.
[bookmark: OLE_LINK3]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.
Proposal 9:  Confirm the following working assumption 
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.
To support AI/ML inference for BM-Case2, the UE needs the measurement results corresponding to multiple historic measurement instances as the model input to obtain the prediction results corresponding to multiple future time instance. The NW should provide necessary signaling for the UE to obtain the model input and provide correct results for the beam report. Similar with the Doppler domain CSI prediction specified in Rel-18, as example on the association between the measurement instance and the prediction instance for BM-Case 2 is provided in Figure 1.

[bookmark: _Ref155174902]Figure 1 Illustration of measurement instance and the prediction instance
The UE can determine a measurement window to obtain the results corresponding to multiple measurement instances and determine a prediction window to determine the prediction results corresponding to multiple prediction instances. For example, the measurement window  can be determined by , where  is the periodicity of the CSI-RS resources configured in the CMR and  is the number of required historic measurement instances. The prediction window may correspond to multiple slot and can be after the CSI reference resource or the slot for beam report according to UE capability. 
Proposal 10:  [bookmark: _Hlk157783693]Study the mechanism for the UE to determine the measurement window and a prediction window for BM-Case2.
In addition, due to the definition of BM-case2, beam measurement may occur in measurement window only, while beam measurement during the prediction window should be avoided to reduce RS and measurement overhead. Based on the evaluation captured in TR 38.843, the predicted result for instances/slots further away from the measurement window maybe not reliable due to the channel condition fluctuation. If UE is aware of low confidence of the predicted result according to the confidence output of AI/ML model, the predicted result perhaps not be reported by UE. As a result, the measurement window needs to be advanced in the next prediction so that gNB can obtain proper beam in time for beam indication for transmission. An example is illustrated in Figure 2. In previous configuration, UE should report predicted beam of future four time instances based on four historical beam measurements (case1), however, once only two time instances are reported by UE, the RS transmission pattern is adapted to advance measurement window (case2). Therefore, RS configuration should be enhanced to support discontinuous RS transmission and adaptation. 
[image: ]
[bookmark: _Ref163035126]Figure 2 Illustration of discontinuous RS transmission and adaptation
Proposal 11:  RS configuration should be enhanced to support discontinuous RS transmission and adaptation for BM-Case 2. 
From the hardware point of view, each AI/ML model corresponds to a set of hardware resources including memories and MACs (Multiplier and adder). Therefore, each AI/ML model can only be used for one AI/ML prediction operation at a time instance. NW and UE should align the occupation of all the available AI/ML models for higher efficient AI/ML operation.  CSI process units are specified in NR Rel-15 to align the resource management for CSI processing according to UE capability. A similar concept, e.g., AI process unit (APU), may be needed for the AI/ML related operation. 
Proposal 12:  [bookmark: _Hlk157783698]Introduce AI process units for beam report with AI/ML inference at UE-side.
When one or more AI/ML models are deployed at the UE side and one AI/ML model is associated with a CSI report for beam report, for spatial domain beam prediction, the UE can measure the beams configured in measurement beam set B and predict the top-K beams in prediction beam set A. However, considering that the AI/ML model associated with the beam report may not be available for the inference instance, for example the associated AI/ML model is in use by another ongoing beam report or the AI function is deactivated by the UE for power saving, a mechanism for the beam report is needed for those cases.
Proposal 13:  [bookmark: _Hlk157783708]Study the mechanism on how to determine the reported beams for beam report with AI/ML inference if there is no available AI/ML model inference processing resource.
Take the BM-Case 1 as an example, where, a CSI report associated with AI/ML inference may be configured with two resource set, e.g., a beam set A comprises a set of beams for prediction and a beam set B comprises a set of beams for measurement. The measurement beam set B configures a set of beams for the UE to measure and the measurement results are used as the AI/ML model input for beam prediction from prediction set A. When there are available AI/ML models for this beam report, the UE can report the predicted beams selected from prediction beam set A. however, when there is no available AI/ML model for this CSI report, two options can be considered as follows:
· Option 1: The UE shall not report the corresponding beam report
· Option 2: The UE report the measurement result of beams in measurement beam set B
Both options can be considered, and option 2 can be seen as a fallback operation and the report is still useful for gNB scheduling. While, since the gNB may have no idea on the AI/ML model status deployed at the UE side, the UE may need to indicate that the reported beams are predicted beams, i.e., beams selected form prediction beam Set A, or measured beams, i.e., beams selected from measurement beam set B.
Proposal 14:  [bookmark: _Hlk157783714]For a beam report associated with AI inference, the UE indicates that the reported beams are predicted beams or measured beams in the beam report.
For NW-side AI/ML inference
When AI/ML model is deployed at the NW side for spatial domain beam prediction, the gNB may configure or trigger a beam measurement and beam report procedure on measurement beam set B to obtain the AI/ML model input for AI/ML inference. One typical AI/ML model inputs are all the measurement results of beams or beam pairs in measurement beam set B. To support those type of operation, gNB can configure a CSI report for the UE to report the L1-RSRP of all be beams associated with this CSI report.
Proposal 15:  [bookmark: _Hlk157783724]To Support NW-side AI/ML inference, the gNB can configure one or more CSI reports for the UE to report the L1-RSRPs of all the beams configured in the CMR associated with the CSI report.
For BM-Case2 with NW-side AI inference, the UE can report the measurements of multiple past time instances in a beam report corresponding to one AI/ML model input. For this case, the UE may be indicated to report all the measurement results of set B beams in N time instances. When the number of beams in set B is larger, the total number of reported beams are larger with a larger N. How to reduce the UCI overhead should be studied. Based on the evaluation results in [2], the measurement results of a same beam in different time instance are very similar in some scenarios, especially the measurement results of a same beam in adjacent time instance. New differential scheme can be considered for UCI overhead reduction. For example, we can use the differential RSRP for the same beam pair in adjacent time instance with less than 4 quantization bits other than the global differential RSRP among all the reported beams (e.g., for the first or middle time instance).
Proposal 16:  [bookmark: _Hlk157783729]Study schemes on differential RSRP report for UCI overhead reduction for larger number of beam reports in a beam report.
It can be observed that larger size of Set B had better performance, e.g., higher beam prediction accuracy based on the evaluation results provided by companies in RAN1#113. However, larger size of set B also corresponds to higher RS and UCI report overhead. On one hand, when the number of beams in Set B are above a threshold for the AI/ML Model input, the performance gain of increasing the Set B size is limited. On the other hand, it can also be observed that only some of the strong beams in Set B have dominating effort on the prediction performance. In other words, the size of Set B or the selected beams for AI/ML model input can be adapted/changed to reduce the measurement RS overhead and/or the UCI report overhead. To support such feature, another beam set C can be introduced to adjust the Set B configuration.
Proposal 17:  [bookmark: _Hlk157783735]Study mechanism to adapt/change the Set B configuration or the beam selection for AI/ML model input for RS and UCI report overhead reduction.

Performance monitoring
AI/ML model monitoring is one of the important parts of life cycle management, which is used to monitor the model performance to evaluate whether the current AI/ML model is appliable to the current scenario with the current condition. AI/ML model/functionality switching, or fallback operation is expected when the model performance deteriorates. 
NW-side model performance monitoring
For NW-side AI/ML inference, the model performance should be monitored at the NW-side because the model inference, and LCM operation are performed by the NW itself. One example is that the NW can trigger an aperiodic beam measurement and beam report on a set of predicted beams. NW can assess whether the current AI/ML model works well based on the performance gap between the measured results(reported by the UE) and the predicted results for a same set of beams. To support such operation, some enhancement may be needed at least for the case that the predicted Tx beam(s) are output among all the UE’s Rx beam. For example, the NW may need to repeat a same Tx beam for UE-side Rx beam switching to obtain the best L1-RSRP.
Proposal 18:  [bookmark: _Hlk157783739]For NW-side AI/ML model performance monitoring, support Tx beam repetition for the UE to report the best L1-RSRP of a Tx beam among all its Rx beams.
UE-side model performance monitoring
For UE-side AI/ML inference, the following methods were provided in TR38.843.
· Alt1. UE-side Model monitoring
· UE monitors the performance metric(s) 
· UE makes decision(s) of model selection/activation/ deactivation/switching/fallback operation
· Alt2. NW-side Model monitoring
· NW monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation
· Alt3. Hybrid model monitoring
· UE monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation
Different from NW-side AI/ML inference, beam prediction is inferenced by UE for UE-side inference, and it can be reported to the NW depending on the beam reporting configuration. Ideally, performance monitoring is expected to be done based on same set of beams or beam pairs. For example, the NW can trigger an aperiodic beam measurement on the predicted beams which is reported by the UE. The UE can monitor the performance gap on the same set of beams, i.e., the predicted beams, at least when the L1-RSRP of the predicted beams are available based on the AI/ML model. Considering the predicted beams may change in different time instance, the beams configured in the beam set for model monitoring should updated as well. It should be noted that the measurement results are not needed to be reported to the NW since the potential model switching and fallback operation may be controlled by the UE itself. The procedure can be applied to NW-side performance monitoring as well by enabling the UE to report the measurement results to the NW. 
Proposal 19:  [bookmark: _Hlk157783747]For UE-side AI/ML inference, support aperiodic beam measurement for performance monitoring and dynamic beam updating within the beam set associated with the aperiodic trigger state for beam measurement. 
Another aspect is performance metric(s) of AI/ML performance monitoring and the following alternatives were provided for in the TR38.843:
· Alt.1: Beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy
· Alt.2: Link quality related KPIs, e.g., throughput, L1-RSRP, L1-SINR, hypothetical BLER
· Alt.3: Performance metric based on input/output data distribution of AI/ML 
· Alt.4: The L1-RSRP difference evaluated by comparing measured RSRP and predicted RSRP 
The selection of the performance metric should ensure that the metric can reflect the “the performance of the AI/ML Model”. In other words, ideally, the variation of the selected performance metric should only depend on the model performance. With this principle, Alt.1 and Alt.4 should be prioritized since both Alt.2 and Alt.3 do not accurately reflect the model performance as the KPIs under Alt. 2 and Alt. 3 will also get affected by other factors. For example, the throughput or hypothetical BLER of the communication link can degrade when the channel condition is worse, but the predicted best beam is just the ideal best beam.
Proposal 20:  [bookmark: _Hlk157783753]Select Alt 1 and Alt 4 as the performance metric(s) of AI/ML model monitoring.
· Alt.1: Beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy.
· Alt.4: The L1-RSRP difference evaluated by comparing measured RSRP and predicted RSRP.
An example for UE-side performance monitoring based on differential RSRP is provided as follows.

[bookmark: _Ref140395125]Figure 3 Illustration of UE-side AI/ML inference and performance monitoring procedure
· Step 1: The NW provide Set B beam transmission for the UE to obtain the model input for AI/ML inference. 
· Step 2: UE perform AI/ML inference to predict top-K beams from Set A and report them to the NW.
· Step 3: The NW transmit a set of beams with the same Tx beams reported by the UE to the UE.
· Step 4: The UE measure the beams transmitted by the NW with the RX beam corresponding to the predicted RSRP and further calculate the differential RSRP for a same predicted beam pair.
· Step 5: Based on the differential RSRP, determine whether to report a AI/ML Model/Functionality failure event to the NW.
· Step 6: With the received event, the NW indicate the UE to perform Model/Functionality switch or fallback to non-AI operation.
Step 1 and step 2 can be supported by Rel-17 beam management procedure, e.g., periodic/semi-persistent/aperiodic CSI-RS transmission. Step 3~Step 6 can be supported by specific enhancement on Rel-17 beam management procedure.
To obtain the actual L1-RSRP of the same TX-RX beam pair predicted by UE-side AI/ML models, the NW should transmit a set of beams in step 3 with the same Tx beams reported by the UE in step 2. The NW configures a NZP CSI-RS resource set transmission associated with a beam report with AI/ML inference. And the UE assumes the beams, i.e., the NZP CSI-RS resources, in the beam set are transmitted with the same Tx beam as the latest beams reported by the UE in the associated beam report.
An example is provided in Figure 4. A UE is configured with a periodic beam report#n corresponding to a CSI-ReportConfig#n associated with a AI/ML model/functionality for spatial domain beam prediction, and the UE will reports the predicted Tx beams in …,T1, T2, …, T8, … Further, the UE is configured with a periodic beam transmission corresponding to a CSI-ResourceConfig#m, and CSI-ResourceConfig#m is associated with CSI-ReportConfig#n. The UE will receive the beams in …, S1, S2, S3, S4, …The CSI-RS resources does not expect to be configured with qcl-Info or TCI state, or the UE shall ignore the qcl-Info or TCI state configured for each of the CSI-RS resource.
With the association, the UE shall assume the NZP CSI-RS resources corresponding to CSI-ResourceConfig#m are transmitted with the same Tx beams reported by the UE in the latest beam report corresponding to CSI-ReportConfig#n before each of the NZP CSI-RS resource set transmission. 
For example, the CSI-ResourceConfig#m configures a NZP CSI-RS resource set containing 4 NZP CSI-RS resources, e.g., NZP CSI-RS resources#0, NZP CSI-RS resources#1, NZP CSI-RS resources#2, NZP CSI-RS resources#3. The UE is configured to report 4 beams, i.e., CRI#0, CRI#1, CRI#2 and CRI#3, in each beam report corresponding to CSI-ReportConfig#n. In the example provided in Figure 4, the UE assumes NZP CSI-RS resources#0, NZP CSI-RS resources#1, NZP CSI-RS resources#2, NZP CSI-RS resources#3 transmitted in S1 are transmitted with the same Tx beam as the beams corresponding to  CRI#0, CRI#1, CRI#2 and CRI#3 report in T1; and the UE assumes NZP CSI-RS resources#0, NZP CSI-RS resources#1, NZP CSI-RS resources#2, NZP CSI-RS resources#3 transmitted in S2 are transmitted with the same Tx beam as the beams corresponding to  CRI#0, CRI#1, CRI#2 and CRI#3 report in T3; and so on. 
With the received NZP CSI-RS resources corresponding to CSI-ResourceConfig#m, the UE shall calculate the different RSRP between the actual RSRP and the predicted RSRP of each of the same Tx-Rx beam pair to determine whether to report a AI/ML failure event. To determine the beam report associated with each NZP CSI-RS resource set transmission, a minimal time gap G may be required for the gNB to determine the Tx beam for each of the NZP CSI-RS resources as shown in Figure 4. 

[bookmark: _Ref140477320]Figure 4 Periodic NZP CSI-RS transmission for performance monitoring
For performance monitoring of UE-side model based on beam prediction accuracy, beam measurement for Set B and beam measurement for benchmark/reference are necessary to calculate performance metric. If the performance monitoring is performed at UE side, the number of samples and performance target for performance monitoring should be configured to facilitate UE decide whether functionality/model is suitable. To guarantee the accuracy of performance monitoring, UE needs to determine the samples used for monitoring according to a few configured constrains. An important constrain is the association of the beam measurement for Set B and the beam measurement for benchmark/reference in a sample. Due to the time-varying channel condition, beam measurement of a same beam will be varying with time as well as the best beam at certain time instance. Therefore, for a monitoring sample, the association of the beam measurement for Set B and the beam measurement for benchmark/reference should be ensured. For example, gap of the CSI-RS occasion associated with beam measurement for Set B and the CSI-RS occasion associated with beam measurement for benchmark/reference should be satisfied with a predefined threshold.
Proposal 21:  For a monitoring sample, the association of the beam measurement for Set B and the beam measurement for benchmark/reference should be ensured.
Semi-persistent and aperiodic CSI-RS transmission can also be supported for performance monitoring by associated with a CSI report for beam report associated with a AI/ML model/functionality. Considering that the AI/ML inference is performed by the UE and the UE may know the AI/ML model/functionality may not be suitable in advance, e.g., based on the predicted RSRP and the measured SINR based on CSI-RS resources for CSI acquisition for CQI report. It’s better to support UE initiate a beam measurement procedure to obtain the actual RSRP of certain Tx beams. This feature can be implemented by introduce additional field in each beam report associated with AI/ML models/functionality. The NZP CSI-RS resources corresponding to the CSI resource configuration associated with this CSI report configuration are only transmitted when the UE send a request in the beam report. For example, an aperiodic CSI resource transmission can be triggered when the UE report a request for beam measurement in a beam report.
Based on the obtained difference RSRP for a set of beam pairs, the UE shall determine whether the current AI/ML model/functionalities are applicable. BFR-like procedure can be designed for this purpose. For example, dedicated SR+MAC CE based AI/ML model failure report can be considered.
Proposal 22:  [bookmark: _Hlk157783760]Support BFR-like AI/ML model failure report for hybrid performance monitoring for UE-side AI/ML model

Conclusion
In this contribution, we provide the following proposals to discuss.
Proposal 1: 	Support UE initiated beam management procedure for data collection for UE-side model training.
Proposal 2: 	Support procedures that enable a UE to transmit a subset of the set of measured/collected samples from the environment (e.g., more informative samples among all samples).
Proposal 3: 	An indication is needed for the UE to select proper AI/ML model for AI/ML inference for a CSI-ReportConfig with AI/ML inference. 
Proposal 4: 	Associate a prediction beam Set A for a measurement beam Set B for the UE to determine the Set A beams for a CSI-ReportConfig with AI/ML inference and the Set A beams are not needed to be explicitly configured for the CSI-ReportConfig.
Proposal 5: 	Dynamic switching between AI/ML based beam prediction and non-AI/ML based beam report schemes as well as dynamic switching between different AI/ML models/functionalities for a CSI report configuration with AI inference should be supported.
Proposal 6: 	Specify a common beam report configuration to support both BM-Case1 and BM-Case2 for UE-side inference.
Proposal 7: 	Support periodic beam report, semi-persistent beam report on PUCCH, semi-persistent beam report on PUSCH, aperiodic beam report with AI prediction.
Proposal 8: 	Support to report the predicted RSRP for the reported beams in a beam report with AI inference for BM-Case 1 .
Proposal 9: 	Confirm the following working assumption 
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.
Proposal 10: 	Study the mechanism for the UE to determine the measurement window and a prediction window for BM-Case2.
Proposal 11: 	RS configuration should be enhanced to support discontinuous RS transmission and adaptation for BM-Case 2. 
Proposal 12: 	Introduce AI process units for beam report with AI/ML inference at UE-side.
Proposal 13: 	Study the mechanism on how to determine the reported beams for beam report with AI/ML inference if there is no available AI/ML model inference processing resource.
Proposal 14: 	For a beam report associated with AI inference, the UE indicates that the reported beams are predicted beams or measured beams in the beam report.
Proposal 15: 	To Support NW-side AI/ML inference, the gNB can configure one or more CSI reports for the UE to report the L1-RSRPs of all the beams configured in the CMR associated with the CSI report.
Proposal 16: 	Study schemes on differential RSRP report for UCI overhead reduction for larger number of beam report in a beam report.
Proposal 17: 	Study mechanism to adapt/change the Set B configuration or the beam selection for AI/ML model input for RS and UCI report overhead reduction.
Proposal 18: 	For NW-side AI/ML model performance monitoring, support Tx beam repetition for the UE to report the best L1-RSRP of a Tx beam among all its Rx beams.
Proposal 19: 	For UE-side AI/ML inference, support aperiodic beam measurement for performance monitoring and dynamic beam updating within the beam set associated with the aperiodic trigger state for beam measurement.
Proposal 20: 	Select Alt 1 and Alt 4 as the performance metric(s) of AI/ML model monitoring.
· Alt.1: Beam prediction accuracy related KPIs, e.g., Top-K/1 beam prediction accuracy.
· Alt.4: The L1-RSRP difference evaluated by comparing measured RSRP and predicted RSRP.
Proposal 21: 	For a monitoring sample, the association of the beam measurement for Set B and the beam measurement for benchmark/reference should be ensured.
Proposal 22: 	Support BFR-like AI/ML model failure report for hybrid performance monitoring for UE-side AI/ML model
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