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Introduction
In this contribution, the specification impacts of UE side AI/ML model-based CSI prediction are discussed according to the achieved agreement in the RAN#116-bis meeting.
Discussion on specification impact of UE side AI/ML model based CSI prediction
Data collection
The following observation on data collection for CSI prediction using UE sided model were provided in [4].
	Observation
In CSI prediction using UE sided model use case, at least the following aspects have been proposed by companies on data collection, including: 
· Signaling and procedures for the data collection 
· data collection indicated by NW
· Requested from UE for data collection
· CSI-RS configuration
· Assistance information for categorizing the data, if needed
· The provision of assistance information needs to consider feasibility of disclosing proprietary information to the other side.


Two options on the signalling and procedures for the data collection were proposed by companies. One option is data collection indicated by NW. The other one is data collection requested from UE. Note that the model of CSI prediction is UE sided model. According to description in TR 38.843 [2], the training data for the UE sided model could be generated by the UE, while the termination point for training data may include the UE or a UE-side OTT server. In our view, this implies the UE sided model could be trained at UE or UE-side OTT server. UE clearly knows what kind of training data are requested. Compared with data collection indicated by NW, it is more flexible that data collection is requested by UE for model training. 
Proposal 1: At least requested from UE for data collection of model training should be supported.
For UE sided model based CSI prediction, inference data, training data or performance monitoring data are generated by UE using the downlink pilot, e.g., CSI-RS. Companies have proposed to study the specification impact of CSI-RS configuration. According to SID given in RAN#102 meeting, it needs to further study performance gain over Rel-18 non-AI/ML based approach, i.e., Rel-18 Type II Doppler codebook. Multiple aperiodic CSI-RS (A-CSI-RS) resources and one periodic/semi-persistent CSI-RS could be configured for Rel-18 Type II Doppler codebook. The interval of adjacent A-CSI-RS resources is 1 sot or m slots, where m = 1 or 2.  For fair comparison, the overhead of CSI-RS resource should be same for UE sided AI/ML model based CSI prediction and Rel-18 Type II Doppler codebook. Hence, we suggest the CSI-RS configuration for Rel-18 Type II Doppler codebook could be considered as a starting point for data collection.
Proposal 2: CSI-RS configuration for Rel-18 Type II Doppler codebook could be considered as a starting point for data collection.
Performance monitoring
In [1] and [4], the following agreements on performance monitoring for UE sided AI/ML model based CSI prediction were identified. 
	[bookmark: OLE_LINK2]Agreement
For CSI prediction using UE side model use case, at least the following aspects have been proposed by companies on performance monitoring for functionality-based LCM: 
· Type 1: 
· UE calculate the performance metric(s) 
· UE reports performance monitoring output that facilitates functionality fallback decision at the network
· Performance monitoring output details can be further defined 
· NW may configure threshold criterion to facilitate UE side performance monitoring (if needed). 
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
· Type 2: 
· UE reports predicted CSI and/or the corresponding ground truth  
· NW calculates the performance metrics. 
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting).
· Type 3: 
· UE calculate the performance metric(s) 
· UE report performance metric(s) to the NW
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
· Functionality selection/activation/ deactivation/switching what is defined for other UE side use cases can be reused, if applicable. 
· Configuration and procedure for performance monitoring 
· CSI-RS configuration for performance monitoring
· Performance metric including at least intermediate KPI (e.g., NMSE or SGCS)
· UE report, including periodic/semi-persistent/aperiodic reporting, and event driven report.
· Note: down selection is not precluded.
· Note: UE may make decision within the same functionality on model selection, activation, deactivation, switching operation transparent to the NW. 

Agreement
For performance monitoring for functionality-based LCM, further study on details of type 1, 2 and 3, e.g., potential specification impact, pros/cons aspects. 
· To clarify the boundary between type 1 and type 3
To clarify definition of monitoring output and performance metric


There are three types on performance monitoring for functionality-based LCM in the agreements. The procedure of Type 1 and Type 3 is similar. The performance metric is calculated by UE for Type 1 and Type 3.  The difference is the reported content of Type 1 and Type 3. In our understanding, for Type 1, the performance monitoring output reported by UE is used to help NW to make decision of functionality fallback operation. Thus, the performance monitoring output is one bit indication information. According to above agreement, the performance metric could be SCGS or NMSE. In order to make the monitoring result be robust, the average of SGCS or NMSE of predicted N slots. The value of N could be further studied. NW makes decision of functionality fallback operation according to the received performance metric or monitoring result. 
For Type 2, the performance metric is calculated by NW which utilizes the predicted CSI and/or the corresponding ground truth CSI reported by UE. This overhead of predicted CSI and/or ground truth CSI is obvious larger than that of performance monitoring output and performance metric (e.g., intermediate KPI). Hence, compared with Type 1 and Type 3, Type 2 needs a lot of feedback overhead. The advantage of Type 2 is that it can save computation complexity of UE. However, the calculation complexity of intermediate KPI is less than Rel-18 Type II Doppler codebook. If Rel-18 Type II Doppler codebook could be supported by UE, the computation complexity of performance metric could be affordable for the user.
Proposal 3: Type 1 (UE calculates the performance metrics and reports performance monitoring output for NW making decision) or Type 3 (UE calculates the performance metrics and reports the metrics for NW making decision) could be supported for performance monitoring.
Proposal 4: For Type 1, the performance monitoring output could be one bit indication information which is used to help NW to make decision of functionality fallback operation. For Type 3, the reported performance metric could be average of SGCS or NMSE of predicted N slots, where the value N could be FFS. 
Due to channel variation experienced by UE, performance degradation may be not incurred by AI/ML model. For two-sided AI/ML model based CSI compression, in order to make the performance monitoring be more robust, it has agreed that legacy CSI feedback is used as a reference. Rel-18 Type II Doppler codebook is one of legacy CSI feedback，in which non-AI/ML approach is adopted to predict future CSI. Hence, for UE side AI/ML model based CSI prediction, Rel-18 Type II Doppler codebook could be considered as a reference to make performance monitoring be robust. 
Proposal 5: Rel-18 Type II Doppler codebook could be considered as a reference for performance monitoring of the UE side AI/ML model based CSI prediction.
Model inference
In [1], the following agreements on AI/ML model inference for CSI prediction were identified.
	Agreement
For AI/ML based CSI prediction, at least for inference, legacy CSI-RS configuration can be a starting point. Further study on whether there is a need for specification enhancement. 
Agreement
· At least for inference, for UE-sided model based CSI prediction, legacy feedback mechanism using codebook type set to “typeII-Doppler-r18” is a starting point of discussion. Study the necessity and potential specification impacts including at least following aspects:
· CSI processing criteria and timeline


In current specification [3], when CSI report reportQuantity is configured as 'cri-RI-PMI-CQI' and with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18', the value of OCPU is related with the time domain behaviour type of CSI-RS resources for channel measurement and the number of CSI-RS resources. If the CSI-RS resource is aperiodic,   for  and  for , where  is reported by UE capability indication and K is the number of CSI-RS resources in a CSI-RS resource set. If the CSI-RS resource is periodic or semi-persistent,  for  and ) for , where  is length of Doppler domain basis vector, and is reported by UE capability indication. Note that only one CSI-RS resource is configured. According to above agreement, legacy CSI-RS configuration and Rel-18 Type II Doppler codebook used for CSI feedback are considered as a starting point of discussion. Hence, the value of  for Rel-18 Type II Doppler codebook could be reused. 
[bookmark: _Hlk166152126][bookmark: OLE_LINK3]According to illustration in [3], if a CSI-RS resource is referred N times by one or more CSI Reporting Settings not configured with higher layer parameter csi-ReportSubConfigList, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. For Rel-18 Type II Doppler codebook-based CSI feedback, different time domain behaviour of CSI-RS resources leads to different active CSI-RS resource counting. In [3], for a periodic or semi-persistent CSI-RS resource in a CSI-RS resource set for channel measurement linked to a CSI-ReportConfig configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18', the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted  times, where the value of  is indicated by UE capability. For AI-based CSI prediction, such legacy CSI processing criteria could be used.
For Rel-18 Type II codebook-based CSI feedback, the CSI computation time is indicated by two UE capability reporting according to the value of N4 and the CSI-RS resource type. For AI based CSI prediction, two UE capability indication reporting could be supported as well. Considering the CSI processing time difference between AI based and no-AI based CSI prediction, the time line will be slightly different. The details could be further discussed. 
Proposal 6: For AI/ML based CSI prediction, legacy CSI processing criteria for Rel-18 Type II Doppler codebook could be reused, and CSI computation time can be determined by UE capability indication.
Model/functionality selection
As discussed in section 3.2, three types are given for monitoring UE side AI/ML functionality performance. Then, NW makes decision of functionality fallback operation for functionality-based LCM. Assume that multiple AI/ML functionalities for CSI predication have been deployed at UE side. NW may also make decision of functionality selection. For Type 1 or Type 3, UE needs to calculate the performance monitoring result or performance metric for each functionality. The computation complexity of UE will increase as the number of AI/ML functionalities increases at UE side. It is necessary to study how to reduce such computation complexity of monitoring functionality performance.
The valuation results on model generation for CSI prediction in TR 38.843 have been provided in [2]. For generalization Case 2 where the AI/ML model is trained with dataset from a different UE speed#A, generalized performance may be achieved for some certain combinations of UE speed#A and UE speed#B but not for others. This implies that different AI/ML functionalities for CSI prediction should be trained for different UE speeds. It is well known that different mobile speeds of UE lead to different time domain channel property (TDCP), which has been discussed and specified during Rel-18 evolution MIMO [3]. TDCP is measured by using TRS and aperiodically reported by UE. If each trained AI/ML functionalities is associated with a value or range of TDCP, UE could only monitor these AI/ML functionalities which is associated with the value or range of TDCP. Therefore, it is not necessary to monitor all AI/ML functionalities, such that the computation complexity of performance monitoring could be reduced. TDCP which could be used as an assistance information is reported to NW for making decision of functionality or model selection.
Proposal 7: In addition to performance monitoring output or performance metric reporting, the assistance information, e.g., TDCP, could be reported to NW as well by UE for NW making decision of UE sided model/functionality selection.
Conclusions
In this contribution, the proposals on UE side AI/ML model based CSI prediction are summarised as follows:
Proposal 1: At least requested from UE for data collection of model training should be supported.
Proposal 2: CSI-RS configuration for Rel-18 Type II Doppler codebook could be considered as a starting point for data collection.
Proposal 3: Type 1 (UE calculates the performance metrics and reports performance monitoring output for NW making decision) or Type 3 (UE calculates the performance metrics and reports the metrics for NW making decision) could be supported for performance monitoring.
Proposal 4: For Type 1, the performance monitoring output could be one bit indication information which is used to help NW to make decision of functionality fallback operation. For Type 3, the reported performance metric could be average of SGCS or NMSE of predicted N slots, where the value N could be FFS. 
Proposal 5: Rel-18 Type II Doppler codebook could be considered as a reference for performance monitoring of the UE side AI/ML model based CSI prediction.
Proposal 6: For AI/ML based CSI prediction, legacy CSI processing criteria for Rel-18 Type II Doppler codebook could be reused, and CSI computation time can be determined by UE capability indication.
Proposal 7: In addition to performance monitoring output or performance metric reporting, the assistance information, e.g., TDCP, could be reported to NW as well by UE for NW making decision of UE sided model/functionality selection.
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