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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#116-bis meeting, the Rel-19 NR_AIML_Air WID [1] was discussed. The following was agreed [2] on the topic of specification support for AI/ML-based beam management.  
	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 present our views on specification support for AI/ML-based beam management and proposals for moving forward.

Specification Support for AI/ML-based BM
[bookmark: _Ref52454871]In Rel-18 SI FS_NR_AIML_Air, potential specification impact to support AI/ML-based BM were discussed and a long list of the potential specification changes/impact were captured in technical report TR 38.843 [3].  The physical layer aspects of the potential specification changes/impact were categorized into four areas: performance monitoring related, model inference related, data collection related, and assistance information related. In this section, we discuss the potential specification impact in each of the four areas.  
Performance Monitoring Related
The following four alternatives for performance metrics for performance monitoring of BM-Case1 and BM-Case2 were captured in [3].
· 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
In our view, one design principle of specification support for Rel-19 AI/ML-based BM is that it should reuse the existing CSI framework as much as possible to reduce the required specification effort.  To that end, Alt. 2, especially L1-RSRP (together with the corresponding CRI/SSBRI) which has been well defined in existing CSI framework, seems a better option to be reported over the air for performance monitoring.  On the other hand, Alt. 1 requires defining new performance metrics on beam prediction accuracy related KPI and Alt. 3 requires defining new performance metrics based on input/output data distribution of AI/ML.  Both Alt.1 and Alt. 3 will take significant effort and time of the group to define and agree on these new KPIs, whereas these KPIs may be derived indirectly from L1-RSRP based on network-side (NW) or UE-side implementation.  Regarding Alt. 4, one key drawback is that it may not be applicable to AI/ML model that has not output of predicted L1-RSRP.  Furthermore, for NW-side model, the L1-RSRP difference between measured RSRP and predicted RSRP can be based on NW-side implementation with the UE’s reported L1-RSRP, e.g., Alt. 2.
Regarding performance monitoring related configuration/signaling/report/request, for UE-sided AI/ML model, it was mentioned in [3] that for some options, the UE can either report the performance metric(s) to NW or report an event to NW based on the performance metric(s).  In our view, since L1-RSRP should be reported for performance monitoring and the existing CSI framework should be reused as much as possible, the UE should report the metric (e.g., L1-RSRP) to NW.  On the other hand, reporting an event to NW based on the performance metric(s) should be avoided as it requires defining new event(s) in the spec, which most likely will take significant effort and time of the group to accomplish.  We understand that in Rel. 19 NR_MIMO_Ph5 WID [4] there is one objective to specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency.  While this Rel.19 MIMO objective may involve defining new event, it is unclear yet whether and how much of the outcome over there can be directly applied to Rel-19 AI/ML-based BM.
Based on the above analysis, we propose the following:
Proposal 1: For Rel-19 AI/ML-based BM, support UE reporting L1-RSRP and the corresponding CRI/SSBRI for performance monitoring of BM-Case1 and BM-Case2. 

[bookmark: _Ref157523646]Model Inference Related
Network-sided Model
For network-sided model, model training, inference, and performance monitoring are all conducted at the network side.  The NW can configure the Set A and Set B beams using the existing CSI framework, e.g., through CSI-ResourceConfig, CSI-ReportConfig, and CSI-MeasConfig.  How the Set A and Set B beams are configured, e.g., which resource set is for Set A and which is for Set B beams and how they are associated, are transparent to the UE.  The UE just follows the CSI configurations to report the L1-RSRP(s) and the corresponding CRI/SSBRI(s).  The NW can then use the received L1-RSRP report to perform model training, inference, and/or performance monitoring based on its implementation.
In RAN1 #116 meeting, the following was agreed regarding beam report for network-sided model:
	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 



As indicated in the agreement above, the report content for beam related information is still FFS.  In our view, the existing CSI framework should be reused as much as possible, and in this case, the report content for beam related information should be L1-RSRP and its corresponding CRI/SSBRI.
Regarding the maximum number of reported beam related information in one report, it should be up to UE’s capability.  Increasing the maximum value from the existing “4” to “8” could be a good starting point.
Based on the above analysis, we propose the following:
Proposal 2: For Rel-19 AI/ML-based BM, at least for inference for network-sided AI/ML model of BM-Case1 and BM-Case2, support reporting L1-RSRP(s) and its corresponding CRI/SSBRI(s) as beam related information in L1 signaling.
UE-sided Model
For UE-sided model, model inference is conducted at the UE side.  UE needs to be aware of the configuration of Set A and Set B beams and the association between them in order to perform model inference and report the predicted Top K beam(s) from Set A.  The indication of the association/mapping of beams within Set A and beams within Set B is also helpful to ensure consistency between training and inference at the UE.  
In RAN1 #116-bis meeting, the following was agreed regarding configuration of Set A and Set B for interference results reporting for UE-sided model:
	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. 



Regarding Alt 1, since there is no explicit configuration for Set A, information about Set A needs to be derived from Set B.  To our understanding, in Alt 1, Set B has a set of wide beams (e.g., SSB resources), and Set A is determined as the set of CSI-RS (e.g., with narrow beams) that is QCLed with the SSBs in Set B with respect to QCL-TypeD.  However, in our opinion, Alt 1 has too stringent restriction on the configuration of Set A and Set B, and it is unclear to us how it works for the case where Set B is a subset of Set A. 
Regarding Alt 2, with one CSI-ResourceConfigId configured for both Set A and Set B, there are a few options to configure Set A and Set B in CSI-ResourceConfig. 
The first option is to configure two resource sets in one CSI-ResourceConfig, one for Set A and one for Set B, respectively.  For example, the first resource set configured in CSI-ResourceConfig is for Set B and the second one configured in the same CSI-ResourceConfig is for Set A.  The association of Set A and Set B is implicitly indicated by the fact that these two resource sets are configured in the same CSI-ResourceConfig.  
The second option can be applied when Set B is a subset of Set A.  In this option, one resource set, which is for Set A, is configured in one CSI-ResourceConfig.  The indication of Set B and its association with Set A can be simplified by taking advantage of the fact that Set B is a subset of Set A.  For example, Set B can be indicated by a bitmap, where each bit in the bitmap is associated with each beam (e.g., CSI-RS/SSB resource) in Set A, respectively.  The value of “1” or “0” of each bit in the bitmap indicates whether the associated beam in Set A is for Set B or not.  This bitmap can be included in the CSI-ResourceConfig that configures the resource set for Set A to indicate the association/mapping of Set A and Set B.  In another example, if Set B is obtained by sampling Set A with a regular interval, Set B can be indicated by the starting offset of the sampling within Set A and the sampling interval.  For example, let’s assume there are a total of 32 beams in Set A and they are labeled as Beams [#0, #1, … #31].  Furthermore, there are 8 beams in Set B, and they are obtained by sampling the beams in Set A with an interval of 4.  A Set B that includes Beams [#1, #5, #9, …, #29] can then be indicated by the starting offset Beam #1 together with the sampling interval of 4.  Similarly, the starting offset and sampling interval can be included in the CSI-ResourceConfig that configures the resource set for Set A to indicate the association/mapping of Set A and Set B.  
Comparing the first option and the second option, the second option can reduce the signaling overhead in the case where Set B is a subset of Set A.  
From the above, Alt 2 can work for both cases in BM-Case1 and BM-Case2 that either Set A and Set B are different, or Set B is a subset of Set A.
Regarding Alt 3, with two CSI-ResourceConfigIds configured for Set A and Set B separately, to establish the association between Set A and Set B, some sort of explicit indication is needed.  For example, the CSI-ResourceConfigId of Set A can be indicated in the same CSI-ReportConfig for Set B.
Regarding Alt 4, one CSI-ResourceConfigId is configured for Set B, and Set A is configured using separate resource set(s) other than that represented by CSI-ResourceConfigId.  In our view, Alt 4 is unnecessarily complicated as it requires developing new scheme for resource set configuration while the existing CSI resource set configuration mechanism can still be used. 
Based on the above analysis, we propose the following:
Proposal 3: For Rel-19 AI/ML-based BM, for UE-sided model at least for BM Case-1, CSI-ReportConfig is used for the configuration of inference results reporting.  On the details in the CSI-ReportConfig, further consider Alt 2 and Alt 3:
· Alt 2: one CSI-ResourceConfigId is configured for both Set A and Set B.
· Alt 3: two CSI-ResourceConfigId s are configured for Set A and Set B separately.
In RAN1 #116 and #116-bis meeting, the following was agreed regarding content in the report of inference results for UE-sided model:
	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 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.



As indicated in the first agreement above, Opt 1 and Opt 2 are supported while Opt 3 and Opt 4 are still FFS.  Both Opt 3 and Opt 4 require defining new metrics in the spec, e.g., probability information of predicted Top K beam(s) and confidence information for the RSRP for Opt 3 and Opt 4, respectively.  In our views, it is difficult to define and test these new metrics and it will take significant effort and time of the group to agree on these new metrics while the benefit of reporting these new metrics is unclear.     
Based on the above analysis, we propose the following:
Proposal 4: For Rel-19 AI/ML-based BM, for UE-sided model, at least for BM-Case1, for content in the report of inference results, do not support Opt 3 and Opt 4.
· 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
· 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
Regarding the RSRP of predicted Top K beam(s) in the report of inference results, Option A in the second agreement above is to always report predicted RSRP while Option B is to report measured L1-RSRP when it is available and predicted RSRP otherwise.  In our view, measured L1-RSRP is in general more accurate than the predicted RSRP and therefore should be reported when available.
Based on the above analysis, we propose the following:
Proposal 5: For Rel-19 AI/ML-based BM, 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, support Option B
· 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.
Data Collection Related
It was mentioned in [3] that for UE-sided AI/ML model, UE should report to NW its supported/preferred configurations of DL RS transmission.  While we support this new signaling, we prefer a simple mechanism to reduce the complexity related to an otherwise large number of possible DL RS configurations and the related signaling overhead.  For example, NW can provide/signal multiple possible configurations of DL RS transmission to the UE and the UE can then report its supported/preferred one(s) out of these configurations.  A few bits should be sufficient for the related signaling overhead from the UE reporting. 
Based on the above analysis, we propose the following:
Proposal 6: For Rel-19 AI/ML-based BM, for data collection for UE-sided AI/ML model of BM-Case1 and BM-Case2, support that NW provides/signals multiple possible configurations of DL RS transmission to the UE and the UE reports its supported/preferred one(s) out of the multiple configurations.
Regarding data collection related signaling/configuration/measurement/report, there has been a discussion in Rel-18 SI FS_NR_AIML_Air on defining new assistant information, e.g., TX beam ID, for data collection.  In our view, this new TX beam ID is not necessary and instead, the RS ID should be used as implicit indication of the beam ID.  In general, we prefer reusing the legacy L1-RSRP reporting including CRI and/or SSBRI as much as possible.       
Based on the above analysis, we propose the following:
Proposal 7: For Rel-19 AI/ML-based BM, for data collection for AI/ML model of BM-Case1 and BM-Case2, support using RS ID as implicit indication of beam ID and reusing L1-RSRP reporting as much as possible.

Assistance Information Related
Regarding assistance information, it was mentioned in [3] that RAN1 has no consensus to support information such as UE location, UE moving direction, UE Rx beam shape/direction, NW-side beam shape information, etc.  On the other hand, it was mentioned that for BM-Case1 and BM-Case2 with a UE-sided AI/ML model, consistency / association of Set B beams and Set A beams across training and inference is beneficial from performance perspective.  This is similar to what we discussed in Section 2.2 and we agreed with this assessment and will not repeat the discussion here.

Conclusions
In this contribution, we present our views on specification support for AI/ML-based beam management.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For Rel-19 AI/ML-based BM, support UE reporting L1-RSRP and the corresponding CRI/SSBRI for performance monitoring of BM-Case1 and BM-Case2. 
Proposal 2: For Rel-19 AI/ML-based BM, at least for inference for network-sided AI/ML model of BM-Case1 and BM-Case2, support reporting L1-RSRP(s) and its corresponding CRI/SSBRI(s) as beam related information in L1 signaling.
Proposal 3: For Rel-19 AI/ML-based BM, for UE-sided model at least for BM Case-1, CSI-ReportConfig is used for the configuration of inference results reporting.  On the details in the CSI-ReportConfig, further consider Alt 2 and Alt 3:
· Alt 2: one CSI-ResourceConfigId is configured for both Set A and Set B.
· Alt 3: two CSI-ResourceConfigId s are configured for Set A and Set B separately.
Proposal 4: For Rel-19 AI/ML-based BM, for UE-sided model, at least for BM-Case1, for content in the report of inference results, do not support Opt 3 and Opt 4.
· 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
· 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
Proposal 5: For Rel-19 AI/ML-based BM, 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, support Option B
· 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.
Proposal 6: For Rel-19 AI/ML-based BM, for data collection for UE-sided AI/ML model of BM-Case1 and BM-Case2, support that NW provides/signals multiple possible configurations of DL RS transmission to the UE and the UE reports its supported/preferred one(s) out of the multiple configurations.
Proposal 7: For Rel-19 AI/ML-based BM, for data collection for AI/ML model of BM-Case1 and BM-Case2, support using RS ID as implicit indication of beam ID and reusing L1-RSRP reporting as much as possible.
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