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Introduction
As part of Rel-18 Study Item on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface [1], 3GPP has agreed to study the framework for AI/ML for air-interface corresponding to target use cases considering aspects such as performance, complexity, and potential specification aspects. One of the identified use cases include:
CSI feedback enhancement, e.g., overhead reduction, improved accuracy, prediction [RAN1]
For each of the use cases, one of the objectives is to 
· Finalize representative sub use cases for each use case for characterization and baseline performance evaluations by RAN#98
· The AI/ML approaches for the selected sub use cases need to be diverse enough to support various requirements on the gNB-UE collaboration levels


In RAN#109e [2], the following agreements were reached.[bookmark: _Hlk115245225]Agreement 
Spatial-frequency domain CSI compression using two-sided AI model is selected as one representative sub use case. 
1. Note: Study of other sub use cases is not precluded.
2. Note: All pre-processing/post-processing, quantization/de-quantization are within the scope of the sub use case. 
Conclusion
Step 1. Further discuss temporal-spatial-frequency domain CSI compression using two-sided model as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion.
Step 2. Further discuss improving the CSI accuracy based on traditional codebook design using one-sided model as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion.
Step 3. Further discuss CSI prediction using one-sided model as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
Step 4. Further discuss CSI-RS configuration and overhead reduction as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
Step 5. Further discuss resource allocation and scheduling as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
Step 6. Further discuss joint CSI prediction and compression as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion. 




In RAN1#110[3] the following conclusion was reached 
Conclusion
CSI-RS configuration and overhead reduction is NOT selected as one representative sub-use case for CSI feedback enhancement use case.

Conclusion
Resource allocation and scheduling is NOT selected as one representative sub-use case for CSI feedback enhancement use case.

Representative sub use cases for CSI feedback enhancement

In RAN1#109e, spatial-frequency domain CSI compression using two-sided AI model was selected as one representative sub use case for CSI feedback enhancement. In RAN1#110 it was concluded that CSI-RS configuration and overhead reduction and resource allocation and scheduling are not selected as representative use cases for CSI feedback enhancement. 

[bookmark: _Int_F1OGPpcb]With the RAN#98 deadline to finalize the sub-use cases, it is critical to complete the selection of sub-use cases on CSI feedback enhancements in this meeting, so that companies can concentrate their efforts on the approved sub-use cases. 

Proposal 1: Finalize the representative sub-use case to be considered for the CSI feedback enhancement.

We believe that the CSI prediction using a one-sided AI/ML model should be selected as a representative sub-use case for CSI feedback enhancements.  Unlike the CSI compression sub-use case that has been selected, which is a two-sided AI model, the CSI prediction use case is a one-sided model that is significantly unique from the CSI compression sub-use case and can considerably improve the overall performance of the system. 

AI/ML based CSI prediction

[bookmark: _Int_o75XrT4B]In the CSI feedback procedure deployed by the current systems, the CSI measurement and the DL transmission based on the CSI measurement are performed at different time steps. Using this out-of-date CSI information for downlink scheduling reduces the spectral efficiency for the DL transmission, especially for high mobility UEs. CSI prediction can be seen as a key enabler to combat channel aging for use cases such as MU-MIMO pairing and precoding, and massive MIMO deployments that require adaptive precoding across multiple often distributed transmission points, and rely on accurate channel information for precoding. Therefore, an AI/ML based CSI prediction is crucial to be selected to predict the CSI at the time of transmission based on the past CSI. 
[image: ]
Figure 1: Out of date channel state measurement from time t used for scheduling at time t+n.
The AI/ML CSI prediction model is designed to predict the future CSI as output while using the historical CSI as an input. The CSI prediction can mitigate the issue of out-of-date CSI information (channel aging) and thereby significantly improving the spectral efficiency. AI/ML CSI prediction can reduce the CSI overhead for users with relatively stable CSI (low mobility UEs). Unlike non-AI based CSI prediction models, it can utilize non-CSI related information (e.g., trajectory information) to improve the prediction accuracy, it can further be made flexible to predict the channel for any arbitrary future time slot. It is also important to consider the CSI prediction use case as the CSI compression use case will likely lead to an increase in CSI processing delay that might increase channel aging.
While there is a concern regarding simultaneous study of AI based CSI prediction in this agenda item and rel. 18 type II codebook enhancements in the MIMO WI, the two items are distinct for the following reasons. 
· Firstly, the AI/ML based CSI prediction has the capability to predict CSI for any given time step. However, the AI/ML based CSI prediction would require more specific details regarding CSI monitoring (may need to include changes to CSI-RS or CSI report configuration), inputs and outputs to the model, generalization, model lifecycle management etc. 
· Secondly, the CSI prediction in R18 MIMO focuses on codebook enhancements for type II Rel. 16/Rel. 17 codebook while AI/ML based CSI prediction can be used regardless of the codebook, as an independent block (which can also be optionally combined with CSI compression). 
· Lastly, as AI/ML based CSI prediction have several unique enhancements that are not present in the R18 MIMO enhancement item, it can be considered in parallel. For the evaluation methodology, we can use the same baseline as the Rel. 18 type II CSI enhancements item to evaluate the performance of the AI/ML based CSI prediction. The use of the enhanced model currently being specified in the MIMO work item can be discussed after the conclusion of R18 MIMO work. 

Observation 1: There are several unique improvements in AI/ML CSI prediction that are not covered by the R18 MIMO CSI enhancement.

[bookmark: _Hlk115273761]Proposal 2: CSI prediction is selected as a representative sub-use case for CSI feedback enhancements. 

Proposal 3: Use same baseline for AI/ML CSI prediction as in R18 MIMO CSI enhancement.
Possible Specification Impact for CSI prediction 

For CSI prediction we should consider using one sided model both at gNB or UE as both implementations are significantly unique from each other and will have different specification impact.
For the UE based CSI prediction, the UE will report the capability of CSI prediction model (processing time, number of time slots with x% accuracy) to gNB. The gNB decides the activation, deactivation, configuration and any other adjustment to CSI prediction. The UE can also report its priority of activation and deactivation of AI/ML model to the gNB. Furthermore, the gNB and UE should also need to align their time regarding the time of historical CSI and future CSI prediction. Therefore, more study is needed to understand how to define “time ID” so that the gNB and UE can have same understanding of the time for historic CSI measurement and future CSI prediction so that sufficient time can be given to the UE to provide the predicted CSI. 
While a UE based CSI prediction algorithm can achieve better estimate for future CSI as compared to a gNB-based implementation, there are several advantages to having a gNB side AI/ML CSI prediction. A gNB sided AI/ML model can improve the accuracy of the CSI prediction by using information such as Doppler or trajectory/location information as an input to the AI/ML model. Additionally, the gNB-based CSI prediction does not require some of the signalling overhead (as the scheduling delay) that is required by the UE-based model. Furthermore, unlike the UE devices which are often power/energy constrained, the gNB have more flexible energy/power constraints. Unlike the UE based implementation the gNB based model can reduce the CSI reporting frequency based on the accuracy of the predicted CSI. As CSI is typical correlated over time, we can compress multiple CSI measurements for transmission and decompress them and use them as input to CSI prediction to reduce the CSI overhead as shown in Figure 2. Finally, the gNB based model can also be used to support legacy devices with limited feedback and improve their performance. 

Proposal 4: For the CSI prediction sub-use case, both a gNB-side model and a UE-side model should be considered

[image: ]
Figure 2: Multi-CSI measurement reporting 
The AI/ML model will need to do continuous performance monitoring of the predicted CSI and actual CSI report. This is important for the gNB based implementation to ensure that the predicted CSI remains within the expected bounds. In the event of significant mismatch between the predicted and actual channel we can deactivate the model based on the performance of the system. We can also use a fallback mechanism in the event of significant mismatch between the predicted and actual channel state.


Proposal 5: Study the specification impact of both gNB and UE-sided CSI prediction.

Proposal 6: For the UE sided CSI prediction, the following specification impacts need to be studied,
· Reporting model capability of CSI prediction (processing time, max future predicted time step, etc)
· potential specification for life-cycle management procedure, e.g., model selection, model configuration, model activation/de-activation, model switching across various configurations/scenarios.
· Timing alignment information for UE and gNB for prediction model
· CSI reporting (e.g., Batch CSI report for current and past CSI) and CSI periodicity
· [bookmark: _Hlk115357889]NW-based AI model performance monitoring and UE-based AI model performance monitoring 
· Co-existence and fall-back mechanisms between AI/ML mode and legacy non-AI/ML mode. 

Proposal 7: For the gNB sided CSI prediction the following specification impacts need to be studied,
· Reporting of additional information such as Doppler to be used as input to the CSI prediction model.
· CSI reporting (e.g., Batch CSI report for current and past CSI) and CSI periodicity
· NW-based AI model performance monitoring and UE-based AI model performance monitoring 
· Performance monitoring KPIs
· Assisted information and performance report
· Co-existence and fall-back mechanisms between AI/ML mode and legacy non-AI/ML mode. 

Conclusion
In this contribution, we discussed a sub-use case on CSI feedback enhancements related to MU-MIMO scheduling optimization. We made the following observations and proposals.

Observation 1: There are several unique improvements in AI/ML CSI prediction that are not covered by the R18 MIMO CSI enhancement.

Proposal 1: Finalize the representative sub-use case to be considered for the CSI feedback enhancement.

Proposal 2: CSI prediction is selected as a representative sub-use case for CSI feedback enhancements. 

Proposal 3: Use same baseline for AI/ML CSI prediction as in R18 MIMO CSI enhancement.

Proposal 4: For the CSI prediction sub-use case, both a gNB-side model and a UE-side model should be considered

Proposal 5: Study the specification impact of both gNB and UE-sided CSI prediction.

Proposal 6: For the UE sided CSI prediction, the following specification impacts need to be studied,
· Reporting model capability of CSI prediction (processing time, max future predicted time step, etc)
· Potential specification for life-cycle management procedure, e.g., model selection, model configuration, model activation/de-activation, model switching across various configurations/scenarios.
· Timing alignment information for UE and gNB for prediction model
· CSI reporting (e.g., Batch CSI report for current and past CSI) and CSI periodicity
· NW-based AI model performance monitoring and UE-based AI model performance monitoring 
· Co-existence and fall-back mechanisms between AI/ML mode and legacy non-AI/ML mode. 

Proposal 7: For the gNB sided CSI prediction the following specification impacts need to be studied,
· Reporting of additional information such as Doppler to be used as input to the CSI prediction model.
· CSI reporting (e.g., Batch CSI report for current and past CSI) and CSI periodicity
· NW-based AI model performance monitoring and UE-based AI model performance monitoring 
· Performance monitoring KPIs
· Assisted information and performance report
· Co-existence and fall-back mechanisms between AI/ML mode and legacy non-AI/ML mode. 
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