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Introduction
In RAN1 #116b meeting, the following on ML based beam management has been agreed.
	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 some discussion on AI/ML based BM.
SD beam prediction
Beam measurement
During the study in Rel-18, it is observed that the measurement error could cause significant performance loss for AI/ML based beam prediction. Therefore, it is necessary to improve the beam measurement accuracy. One possible way is to transmit the SSB/CSI-RS by multiple repetitions, so that UE can measure the L1-RSRP based on a higher measurement accuracy and UE can also identify the best UE beam corresponding to each measured beam. 
Proposal 1: Support SSB/CSI-RS repetition to improve the measurement accuracy for SD beam prediction.
Beam report
The beam report for ML based beam prediction could provide the following functionalities:
· Beam report for NW model training
· Beam report for NW model inference
· Beam report for NW model monitoring
· Beam report based on UE model inference

For beam report for NW model training, the NW may configure the UE to measure all the NW beams, e.g., all SSBs. The UE reports the beam index for the best beam and L1-RSRP for a set of measured beams, e.g., a subset of SSBs. The NW can configure the SSB index(es) for the L1-RSRP report. With regard to the impact from the measurement error, the UE may report a hypothetical measurement error for each beam with L1-RSRP reported. The UE can measure the hypothetical measurement error based on the measured L1-SINR for the beam and its receiver assumption. 
Proposal 2: For beam report for NW model training for SD beam prediction, UE reports the following information:
· SSBRI/CRI with the best L1-RSRP measured
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported

For beam report for NW model inference, the NW can configure a set of SSBs/CSI-RSs. Then UE reports L1-RSRP for all the configured SSBs/CSI-RSs. UE can also report the hypothetical measurement error for the NW to decide whether to use the reported data for beam prediction.
Proposal 3: For beam report for NW model inference for SD beam prediction, UE reports the following information:
· L1-RSRP for a set of SSBs/CSI-RSs configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported

For beam report for NW model monitoring, the UE can report the SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from a set of configured SSBs/CSI-RSs, and the UE can also report the L1-RSRP for the NW predicted beams. The NW can indicate the SSB/CSI-RS corresponding to the NW predicted beams.
Proposal 4: For beam report for NW model monitoring for SD beam prediction, UE reports the following information:
· SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from the SSBs/CSI-RSs configured as CMR
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW

For UE side model inference, in RAN1 #116, the following has been agreed.
	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.



There are several option issues. The first open issue is the definition of the beam information. For BM case 1, for overhead reduction, the NW does not need to transmit the DL RSs from all the NW beams. Instead, the NW only needs to transmit a set of DL RSs based on a subset of NW beams. Then the reported beam information could be based on a set of logical beams, similar to the PMI report based on a codebook. Thus, the beam information can be defined as a beam indicator (BI) according to a configured codebook.
The second open issue is the definition of the predicted top K beams. Similar to legacy beam report, the predicted K beams do not have to be the beams with the highest probability to become the best beam. The UE may report the top K beams based on the probability and the spatial correlation with regard to the diversity as shown in Figure 1. Therefore, similar to the legacy beam report, which beams should be reported is up to UE implementations. The spec should only define the number of reported beams.
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Figure 1: Top-K beam selection based on the probability and spatial correlation for the beams
The third issue is the definition of the RSRP. The RSRP should be defined as a predicted RSRP based on a reference transmission power. It should be noted that the transmission power for the DL RS for the beam measurement could be different. Therefore, a reference transmission power should be considered. One possible way is to configure the SSB transmission power as the reference transmission power.
The last issue is whether to support option 3 and option 4 additionally. The probability information and the confidence information are useful for the network to determine whether to perform TCI switching based on the beam prediction result or not. Therefore, option 3 and option 4 should be supported. 
Proposal 5: For beam report based on UE model inference for SD beam prediction, support the followings on the remaining open issues:
· Beam information is defined as a beam indicator (BI) indicating one of the beams from a configured codebook
· The selection of the “top-K” beams are up to UE implementation
· Spec only defines the number of reported beams
· The reported RSRP should be defined as the predicted RSRP based on a reference transmission power
· Support both option 3 and option 4

TCI activation/indication
Currently, the QCL rule is defined as Figure 2. The TRS (CSI-RS for tracking) is a central RS for QCL indication. The TRS is a periodic RS. Currently, the NW can only use the RRC to update the beam. Usually, the NW configures N TRSs for a cell with N SSBs. The NW provides common configuration for the N TRSs for all the UEs for overhead reduction. For BM case 1, for overhead reduction, the number of SSBs can be smaller than N, which can be, for example, 0.25*N. Then similarly, the TRS overhead reduction should be considered. However, for potential beam switching to a predicted beam, the NW needs to transmit a periodic TRS based on the predicted beam. Therefore, it is better to consider dynamic activation/deactivation for TRS. 
[image: ]
Figure 2: Current QCL rule
Proposal 6: Support dynamic activation/deactivation of periodic TRS with regard to TCI activation/indication based on the predicted beam.
In addition, since the beam indication is always based on unknown TCI state. It is necessary to speed up to TCI switching delay. Otherwise, the activated/indicated TCI state may not be the best one at its action time. To speed up the TCI switching delay for unknown TCI state, one possible way is to trigger aperiodic CSI-RS resources that are QCLed with the SSB/CSI-RS configured as the QCL source in the TCI state and the UE can measure the time/frequency offset and Rx beam based on the aperiodic CSI-RS resources. For joint TCI state, UE can also measure the pathloss based on the aperiodic CSI-RS resources.
Proposal 7: Since the activated/indicated TCI based on SD beam prediction is usually an unknown TCI state, to reduce the latency for TCI activation/indication based on SD beam prediction, support the NW to trigger aperiodic CSI-RS resources QCLed with the SSB/CSI-RS configured as the QCL source in the TCI state.
· UE measures time/frequency offset and Rx beam based on the aperiodic CSI-RS resources
· UE can also measure the pathloss based on the aperiodic CSI-RS resources

Beam failure recovery
For BFR based on NW side model, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report L1-RSRP for a set of SSBs/CSI-RSs configured by the NW. Then the NW can predict the best beam based on the reported L1-RSRP for the set of SSBs/CSI-RSs. Therefore, if the UE cannot identify a candidate beam, it can trigger a UE initiated beam report to report the L1-RSRP for a set of SSBs/CSI-RSs configured by the NW.
Proposal 8: For BFR based on NW side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can trigger a UE initiated beam report
· UE reports L1-RSRP for a set of SSBs/CSI-RSs configured by the NW in the UE initiated beam report
· NW performs beam prediction based on the received L1-RSRP
For BFR based on UE side model, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report N beam index(es) based on a beam codebook. UE can predict the best N beam index(es) based on the measurement of a set of SSBs/CSI-RSs. The UE can report the N beam index(es) by a BFRQ.
Proposal 9: For BFR based on UE side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report N predicted beam index(es) based on a beam codebook by the BFRQ.
Set A RS configuration
In RAN1 #116b, the following has been agreed for the set A configuration.
	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. 



For further down-selection, the first issue is whether the NW shall always configure set A DL RS. If configured, the set A DL RS should be able to cover all the NW beams in the beam grid. Then for each BWP, assuming 128 beams in the NW side, if the configuration of set A DL RS is mandatory, the NW has to configure 128 CSI-RS resources or 128 CSI-RS resource sets. If UE beam refinement is considered, the NW has to configure 8 CSI-RS resources for each CSI-RS resource set. Then the total number of CSI-RS resources for set A DL RS configuration in a BWP could be 128*8=1024 CSI-RS resources. Assuming the NW supports multiple BWPs/CCs, e.g., 16 BWPs/CCs, then it may configure 128*8*16=16384 CSI-RS resources. From RRC configuration’s perspective, one CSI-RS resource would take ~7 bytes as shown in Table 1. Then the set A RS configuration could take ~115 Kbytes memory. Further, with regard to network energy saving, there may be multiple beam patterns corresponding to different antenna on/off status. If 4 patterns are considered, the set A RS configuration could take ~500Kbytes memory. If some advanced features like LTM, inter-cell BM, or inter-cell mTRP are considered, the NW may provide the set A configuration for multiple cells. Assuming 8 cells can be the candidate cell, then the set A RS configuration could take ~2Mbytes memory. Therefore, with regard to the overhead and memory, it is better not to mandate the set A DL RS configuration. Then, as least Alt1 should be supported. Overhead reduction mechanism for set A RS should be studied.
Table 1: RRC overhead for one CSI-RS resource
	Essential RRC parameter in NZP-CSI-RS-Resource
	Overhead

	Nzp-CSI-RS-ResourceId
	10 bits (assuming maximum number of CSI-RS resources is increased to 1024)

	resourceMapping
	~ 31 bits (assuming only 1-port CSI-RS is supported)

	powerControlOffset
	5 bits

	scramblingID
	10 bits



Proposal 10: AI/ML based beam prediction should not mandate the configuration of set A DL RS. 
· For model inference, Alt1 should be supported where UE can derive the set A beam information based on the associated ID
· Study overhead reduction mechanism for set A RS configuration

Further, for Set A configuration and transmission, with regard to the UE beam refinement, it is better to consider some enhancement for the fast UE beam tracking. For example, the NW configures 1-port CSI-RS as the set A RS and does not multiplex any other DL signal in the same symbol with the 1-port CSI-RS. Then the CSI-RS can be transmitted based on IFDMA structure, which can create multiple repetitions within a symbol. UE can receive different intra-symbol repetition by different beams for fast UE beam tracking. 
Proposal 11: For Set A RS, support the NW configures 1-port CSI-RS and UE shall not expect the NW multiplex any other DL RS in the same symbol with the set A RS.
· The NW transmits the set A RS based on IFDMA structure for fast UE beam refinement

In addition, with regard to the large overhead for the set A RS, usually the NW does not transmit the set A RS frequently. One possible way is to transmit the set A RS in aperiodic manner. Such set A RS should be shared by UEs supporting the AI/ML based BM. Then the NW can trigger the set A RS by a group-cast DCI. Thus, such UEs can measure the set A RS at the same time.
Proposal 12: Support to configure aperiodic CSI-RS as set A RS, which is triggered by a group-cast DCI.

Temporal beam prediction
Beam measurement
Similar to SD beam prediction, it is necessary to reduce the measurement error for some beams for temporal beam prediction. Then the NW can transmit the SSB/CSI-RS based on multiple repetitions. 
Proposal 13: Support SSB/CSI-RS repetition to improve the measurement accuracy for temporal beam prediction.

Beam report
The beam report for ML based beam prediction could provide the following functionalities:
· Beam report for NW model training
· Beam report for NW model inference
· Beam report for NW model monitoring
· Beam report based on UE model inference

For beam report for NW model training, compared to the beam report for SD beam prediction, the temporal beam prediction could require the UE to report the beam report for multiple time instances. One way is to report the beam information for one instance. The other way is to report the beam information for multiple instances in one report. To reduce the beam report overhead, it is better to report the beam information for multiple instances by one report.
Proposal 14: For beam report for NW model training for temporal beam prediction, UE reports the following information:
· SSBRI/CRI with the best L1-RSRP measured for each of the measured slots configured by the NW
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW for each of the measured slots configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported

For beam report for NW model inference, the NW can configure a set of SSBs/CSI-RSs. Then UE reports L1-RSRP for all the configured SSBs/CSI-RSs for multiple instances. UE can also report the hypothetical measurement error for the NW to decide whether to use the reported data for beam prediction.
Proposal 15: For beam report for NW model inference for temporal beam prediction, UE reports the following information:
· L1-RSRP for a set of SSBs/CSI-RSs configured by the NW for each of the measured slots configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported

For beam report for NW model monitoring, the UE can report the SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from a set of configured SSBs/CSI-RSs for one or multiple slots, and the UE can also report the L1-RSRP for the NW predicted beams. The NW can indicate the SSB/CSI-RS corresponding to the NW predicted beams.
Proposal 16: For beam report for NW model monitoring for temporal beam prediction, UE reports the following information:
· SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from the SSBs/CSI-RSs configured as CMR for one or multiple slots configured by the NW
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW

For UE side model inference, the UE can predict one or multiple beams. Therefore, the UE can report one or multiple beam indexes from a configured beam codebook for one or multiple predicted slots configured by the NW. The NW can configure a set of SSBs/CSI-RSs as CMR and the beam index for each SSB/CSI-RS. 
Proposal 17: For beam report based on UE model inference for temporal beam prediction, UE reports the following information:
· N beam index(es) for one or multiple configured predicted slot(s) based on a configured beam codebook and measurement of a set of SSBs/CSI-RSs configured as CMR

Further in RAN1 #116, the following on the time instance(s) for one report has been agreed.
	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



The open issue is the value of N (number of future time instances) in one report. Some UEs should be able to predict the beam status for multiple future time instances. Therefore N>1 should be supported. The maximum value of N can be based on the UE capability. Although UE can predict the beam(s) for multiple future time instances, the time instances for the beam prediction can be dynamically reported by the UE, since the predicted beam status for some time instances could be the same. Then it is unnecessary for the UE to report the beam prediction results for all the future time instances.
Proposal 18: Support the UE to report prediction results for multiple time instances, i.e., N>1 is supported
· Support the UE to report the beam report for a subset of future time instances from the future time instances configured by the NW

TCI activation/indication
For temporal beam prediction, the NW can indicate the action time or action delay for predicted TCI state. The NW can also indicate whether the TCI state is based on beam prediction or not. One possible way is to configure different TCI state pools. One TCI state pool is used for legacy beam indication and the other TCI state pool is used for beam prediction. 
Proposal 19: To differentiate the TCI state for legacy beam indication and TCI state for beam prediction, support to configure separate TCI state pools for legacy beam indication and TCI state for beam prediction.
Proposal 20: Support to configure the action delay for the TCI state for beam prediction.
For temporal beam prediction, performance validation is necessary. Current beam from an indicated TCI can be a reference for performance validation. If none of the predicted beam(s) can provide better beam quality than current beam plus an offset, it can be assumed the beam prediction cannot pass the performance validation. Thus, although gNB may provide a TCI based on the predicted beam for beam prediction, in addition to the ACK/NACK for the TCI update signaling, some additional UE feedback before the beam action time can be studied for performance validation for predicted beams.
Figure 3 shows the procedure for UE feedback on performance validation for time domain beam prediction. The UE’s movement/rotation and blockage may cause some abrupt beam change. Then the previously indicated predicted beam could get invalid. Therefore, in addition to the ACK for the TCI update signaling, before the action time for the predicted beam, UE can report some information on performance validation for the predicted beam. If the predicted beam passes the performance validation, the gNB and UE can switch to the predicted beam at the action time; otherwise, gNB can send an updated TCI indication to the UE to overwrite or withdraw the previously indicated predicted beam. 


Figure 3: UE feedback on performance validation for time domain beam prediction
Proposal 21: For temporal beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Proposal 22:  Support UE feedback before the beam action time for performance validation for predicted beam in addition to the ACK/NACK for the TCI update signaling for temporal beam prediction.

Beam failure recovery
For BFR based on NW side model, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report L1-RSRP for a set of SSBs/CSI-RSs configured by the NW for multiple measured slots. Then the NW can predict the beam for further slots, and the NW can indicate the beam for future slots by BFRR.
Proposal 23: For BFR based on NW side model for temporal beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can trigger a UE initiated beam report
· UE reports L1-RSRP for a set of SSBs/CSI-RSs configured by the NW for multiple measured slots in the UE initiated beam report
· NW performs beam prediction based on the received L1-RSRP
For BFR based on UE side model, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report the predicted beam in one or multiple future slots. The UE can report the beam index(es) for future slot(s) by a BFRQ.
Proposal 24: For BFR based on UE side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report predicted beam index(es) in one or multiple future slots by the BFRQ.

Event triggered beam prediction report
The event driven beam report is a good complimentary to network triggered beam report. Usually, the UE knows better on when a beam report is necessary or not. Especially with the help of ML based beam prediction, the UE can predict when the beam status may change and the beam report could be necessary. Therefore, it is necessary to study the ML based beam prediction to facilitate the event triggered beam report.
Proposal 25: Study the ML based beam prediction to facilitate the event triggered beam report.


Conclusion
In this contribution, we provided discussion on AI/ML based BM. Based on the discussion, the following proposals are provided.
Proposal 1: Support SSB/CSI-RS repetition to improve the measurement accuracy for SD beam prediction.
Proposal 2: For beam report for NW model training for SD beam prediction, UE reports the following information:
· SSBRI/CRI with the best L1-RSRP measured
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported
Proposal 3: For beam report for NW model inference for SD beam prediction, UE reports the following information:
· L1-RSRP for a set of SSBs/CSI-RSs configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported
Proposal 4: For beam report for NW model monitoring for SD beam prediction, UE reports the following information:
· SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from the SSBs/CSI-RSs configured as CMR
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW
Proposal 5: For beam report based on UE model inference for SD beam prediction, support the followings on the remaining open issues:
· Beam information is defined as a beam indicator (BI) indicating one of the beams from a configured codebook
· The selection of the “top-K” beams are up to UE implementation
· Spec only defines the number of reported beams
· The reported RSRP should be defined as the predicted RSRP based on a reference transmission power
· Support both option 3 and option 4
Proposal 6: Support dynamic activation/deactivation of periodic TRS with regard to TCI activation/indication based on the predicted beam.
Proposal 7: Since the activated/indicated TCI based on SD beam prediction is usually an unknown TCI state, to reduce the latency for TCI activation/indication based on SD beam prediction, support the NW to trigger aperiodic CSI-RS resources QCLed with the SSB/CSI-RS configured as the QCL source in the TCI state.
· UE measures time/frequency offset and Rx beam based on the aperiodic CSI-RS resources
· UE can also measure the pathloss based on the aperiodic CSI-RS resources
Proposal 8: For BFR based on NW side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can trigger a UE initiated beam report
· UE reports L1-RSRP for a set of SSBs/CSI-RSs configured by the NW in the UE initiated beam report
· NW performs beam prediction based on the received L1-RSRP
Proposal 9: For BFR based on UE side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report N predicted beam index(es) based on a beam codebook by the BFRQ.
Proposal 10: AI/ML based beam prediction should not mandate the configuration of set A DL RS. 
· For model inference, Alt1 should be supported where UE can derive the set A beam information based on the associated ID
· Study overhead reduction mechanism for set A RS configuration
Proposal 11: For Set A RS, support the NW configures 1-port CSI-RS and UE shall not expect the NW multiplex any other DL RS in the same symbol with the set A RS.
· The NW transmits the set A RS based on IFDMA structure for fast UE beam refinement
Proposal 12: Support to configure aperiodic CSI-RS as set A RS, which is triggered by a group-cast DCI.

Proposal 13: Support SSB/CSI-RS repetition to improve the measurement accuracy for temporal beam prediction.
Proposal 14: For beam report for NW model training for temporal beam prediction, UE reports the following information:
· SSBRI/CRI with the best L1-RSRP measured for each of the measured slots configured by the NW
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW for each of the measured slots configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported
Proposal 15: For beam report for NW model inference for temporal beam prediction, UE reports the following information:
· L1-RSRP for a set of SSBs/CSI-RSs configured by the NW for each of the measured slots configured by the NW
· Hypothetical measurement error for the subset of SSBs/CSI-RSs with L1-RSRP reported
Proposal 16: For beam report for NW model monitoring for temporal beam prediction, UE reports the following information:
· SSBRI/CRI and L1-RSRP for the best SSB/CSI-RS from the SSBs/CSI-RSs configured as CMR for one or multiple slots configured by the NW
· L1-RSRP for a subset of SSBs/CSI-RSs configured by the NW
Proposal 17: For beam report based on UE model inference for temporal beam prediction, UE reports the following information:
· N beam index(es) for one or multiple configured predicted slot(s) based on a configured beam codebook and measurement of a set of SSBs/CSI-RSs configured as CMR
Proposal 18: Support the UE to report prediction results for multiple time instances, i.e., N>1 is supported
· Support the UE to report the beam report for a subset of future time instances from the future time instances configured by the NW
Proposal 19: To differentiate the TCI state for legacy beam indication and TCI state for beam prediction, support to configure separate TCI state pools for legacy beam indication and TCI state for beam prediction.
Proposal 20: Support to configure the action delay for the TCI state for beam prediction.
Proposal 21: For temporal beam prediction, the beam quality for current beam from an indicated TCI can be used for performance validation, and if none of the predicted beam(s) can provide better beam quality than current beam, the predicted beam(s) are assumed to fall to pass the performance validation.
Proposal 22:  Support UE feedback before the beam action time for performance validation for predicted beam in addition to the ACK/NACK for the TCI update signaling for temporal beam prediction.
Proposal 23: For BFR based on NW side model for temporal beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can trigger a UE initiated beam report
· UE reports L1-RSRP for a set of SSBs/CSI-RSs configured by the NW for multiple measured slots in the UE initiated beam report
· NW performs beam prediction based on the received L1-RSRP
Proposal 24: For BFR based on UE side model for SD beam prediction, after UE declares beam failure, if the UE cannot identify a candidate beam, it can report predicted beam index(es) in one or multiple future slots by the BFRQ.
Proposal 25: Study the ML based beam prediction to facilitate the event triggered beam report.
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