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Introduction
In RAN1 #116 meeting, the following agreements on ML based CSI prediction were agreed.
	Agreement
For Rel-19 study on CSI prediction, consider EVM agreed in Rel-18 CSI prediction based on UE-sided model as a starting point.
· FFS on additional assumptions, e.g., channel estimation error, phase discontinuity, CSI-RS periodicity.
· Note: Rel-18 CSI-RS configuration/reporting can be reused. 
· Note: additional EVM and corresponding template to collect the results can be updated.

Agreement
For Rel-19 study on CSI prediction, companies are encouraged to evaluate throughput performance by comparing performance with non-AI/ML based CSI prediction. 
· R18 eType II doppler codebook is assumed for CSI report for both AI/ML and Non AI/ML prediction. 
· Companies to report the assumption for N4, which could be 1, 2, 4, 8.

Note: Non-AI/ML based CSI prediction (Benchmark 2) can include statistical model based CSI prediction (e.g., based on Kalman filter, Wiener filter, Auto-regression). 


Agreement
For evaluation, to report computational complexity in unit of FLOPs including additional complexity if applicable, e.g., update of filter, and their assumption on non-AI based CSI prediction when performance results are provided. 


Conclusion
For the evaluation of the AI/ML based CSI prediction, it is up to companies to choose the modelling method and companies should report if ‘Channel estimation’ and/or ‘phase discontinuity’ is/are considered by companies.


Agreement
For the evaluation of the AI/ML based CSI prediction, consider following CSI-RS configuration
· Periodic: 5 ms periodicity (baseline), 20 ms periodicity (encouraged) 
· Aperiodic: Optional, CSI-RS burst with K resources and time interval m slots (based on R18 MIMO eType-II)
Note: Companies to report observation window (number/distance) and prediction window (number/distance between prediction instances/distance from the last observation instance to the 1st prediction instance) on their evaluation.

Conclusion
For Rel-19 study on CSI prediction only, consider UE-sided model only.

Agreement
· For CSI prediction evaluations, to verify the generalization/scalability performance of an AI/ML model over various configurations, to evaluate one or more of the following aspects:
· Various UE speeds (e.g., 10km/h, 30km/h, 60km/h, 120km/h)
· Various deployment scenarios
· Various carrier frequencies (e.g., 2GHz, 3.5GHz)
· Various frequency granularity assumptions
· Various antenna port numbers (e.g., 32 ports, 16 ports)
· To report the selected configurations for generalization verification
· To report the method to achieve generalization over various configurations and/or to achieve scalability of the AI/ML input/output, including pre-processing, post-processing, etc.
· To report generalization cases where multiple aspects (e.g., combination of above) are involved in one dataset, if adopted. 
· To report the performance and requirement (e.g., updating filter parameters, convergence of filter) for non-AI/ML-based CSI prediction to handle the various scenarios/configurations.


Agreement
For the evaluation of AI/ML-based CSI prediction using localized models in Release 19, consider the following options as a starting point to model the spatial correlation in the dataset for a local region:
· Option 1: The dataset is derived from UEs dropped within the local region, with spatial consistency modelling as per TR 38.901. 
· E.g., Dropped in a specific cell or within a specific boundary.
· Option 2: By using a scenario/configuration specific to the local region. 
· E.g., Indoor-outdoor ratio, LOS-NLOS ratio, TXRU mapping, etc.
Note: While modelling the spatial correlation, strive to ensure that the dataset distribution also correctly captures the decorrelation due to temporal variations in the channel. To report methods to generate training and testing dataset.





In this contribution, we provide some discussion on AI/ML based CSI prediction.
Discussion
CSI-RS configuration
Since the CSI prediction is agreed to be based on UE side model only, the input for CSI prediction should be based on the received CSI-RS instances. It is unnecessary to specify the exact input for CSI prediction. But the further study should focus on the CSI-RS configuration for the UE to measure the input for CSI prediction.
Different from the Rel-18 CSI, the UE may only support CSI prediction for CSI-RS with a certain configuration, e.g., a certain interval between every two consecutive CSI-RS instances, and number of CSI-RS instances for a CSI prediction. Thus, it is necessary for the NW to know the UE supported configuration for the CSI-RS for CSI prediction. Otherwise, there could be a CSI-RS configuration mismatch as shown in Figure 1.
[image: ]
Figure 1: CSI-RS configuration mismatch for CSI prediction
Proposal 1: Support the UE reports the preferred CSI-RS configuration for CSI prediction including at least the preferred intervals between every two consecutive CSI-RS instances and minimum number of CSI-RS instances for CSI prediction.
CSI report content
Currently the Type1 codebook is widely implemented, which is a mandatory feature for Rel-15 UE. The CSI report in Rel-18 MIMO is based on Type2 codebook, which result in large report overhead and UE complexity. The CSI prediction in AI/ML could consider the Type1 codebook as the starting point, which is more practical from UE implementations perspective. The output for the CSI prediction could the predicted PMI based on a Type1 codebook. Then the CSI prediction could become a classification issue instead of a regression issue. 
Further, with the help of the CSI prediction, the UE can also predict the CSI dwelling time, which could be much helpful for the network to determine when to trigger the CSI feedback. It is also helpful for the network to determine whether to trigger SRS to estimate the DL CSI or trigger a CSI report. Thus, for CSI prediction, it is necessary to consider the CSI dwelling time as an output.
In addition, for Type2 codebook, in addition to what is supported in Rel-18, one possible option is to report both predicted W1 and W2, since the AI/ML is able to predict CSI far from current CSI reference slot. It is possible that W1 could be different in different prediction slots.
Proposal 2: Support the following types of CSI report for AI/ML based CSI prediction:
· Type 1: Predicted RI/PMI/CQI based on Type1 codebook
· Type 2: Predicted RI/PMI/CQI based on Rel-16 eType2 codebook
· Type 3: Predicted RI/PMI/CQI based on Rel-18 eType2 codebook for PMI prediction (already supported)
· Type 4: Predicted CSI dwelling time

UE side data collection 
Similar to the UE side data collection for CSI compression, UE can also perform data collection for UE-side model training, finetuning, monitoring and so on for CSI prediction. Such data collection could require additional UE complexity. The NW still needs to know when the UE needs to perform the measurement for UE side data collection, as the NW needs to aware the additional UE complexity, e.g., additional CPU, for measurement for UE side data collection. Therefore, it is necessary to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection, which can be based on NW configuration or UE request CSI-RS for data collection.
Proposal 3: Support to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection for CSI prediction based on the following options:
· Option 1: The measurement for UE side data collection for CSI prediction is configured by the NW
· Option 2: UE request CSI-RS for data collection for CSI prediction
Proposal 4: Corresponding CPU(s) are occupied when UE performs CSI measurement for data collection
Conclusion
In this contribution, we provided discussion on AI/ML based CSI prediction. Based on the discussion, the following proposals are provided.
Proposal 1: Support the UE reports the preferred CSI-RS configuration for CSI prediction including at least the preferred intervals between every two consecutive CSI-RS instances and minimum number of CSI-RS instances for CSI prediction.
Proposal 2: Support the following types of CSI report for AI/ML based CSI prediction:
· Type 1: Predicted RI/PMI/CQI based on Type1 codebook
· Type 2: Predicted RI/PMI/CQI based on Rel-16 eType2 codebook
· Type 3: Predicted RI/PMI/CQI based on Rel-18 eType2 codebook for PMI prediction (already supported)
· Type 4: Predicted CSI dwelling time
Proposal 3: Support to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection for CSI prediction based on the following options:
· Option 1: The measurement for UE side data collection for CSI prediction is configured by the NW
· Option 2: UE request CSI-RS for data collection for CSI prediction
Proposal 4: Corresponding CPU(s) are occupied when UE performs CSI measurement for data collection
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