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Introduction
In RAN1#109e meeting, following agreement and conclusion were made.  
	Agreement 
Spatial-frequency domain CSI compression using two-sided AI model is selected as one representative sub use case. 
· Note: Study of other sub use cases is not precluded.
· Note: All pre-processing/post-processing, quantization/de-quantization are within the scope of the sub use case. 

Conclusion
· 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.
· 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.
· Further discuss CSI prediction using one-sided model as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
· Further discuss CSI-RS configuration and overhead reduction as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
· Further discuss resource allocation and scheduling as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion
· Further discuss joint CSI prediction and compression as a possible sub-use case for CSI feedback enhancement after evaluation methodology discussion. 


This contribution discusses on several aspects on AI/ML for CSI feedback enhancement other than evaluation, and provides our view on sub use cases and potential specification impact. 

Discussion
Sub use cases for CSI feedback enhancement 
In the last meeting, spatial-frequency domain CSI compression using two-sided AI model was chosen as one representative sub-use case. As captured in the conclusion above, there are some potential sub-use cases to be representative sub use case. 
The first one is legacy codebook based enhancement. Legacy codebooks such as Type I, Rel-15/Rel-16/Rel-17 Type II CSI employ multi stage codebook structure. For example, Type I CSI and Rel-15 Type II CSI have dual stage structure  where  is base matrix representing spatial domain and  is selection or combining matrix. Rel-16/Rel-17 Type II CSI have where the FD basis , i.e. DFT vector, is utilized for frequency domain compression in order to reduce payload of Rel-15 Type II CSI. Also, in Rel-18 Type II CSI enhancement, it is ongoing discussion on how to reflect the future CSI for the high mobility scenarios, and introducing time domain or Doppler domain matrix can be considered as candidate options. In these codebooks, the accuracy is depending on the granularity of SD/FD/TD/DD basis and the quantization of combining coefficients. Thus, if AI/ML is used to optimize one or more component matrices, increased performance and/or reduced payload can be expected. 
The second one is a time domain CSI prediction. One drawback of current CSI feedback framework is CSI aging problem due to processing and feedback delay. To overcome this deficiency, prediction based CSI reporting can be considered since there is a correlation in time domain in general. Therefore,  AI/ML model can be applied for CSI prediction that proactively predicts CSI from the past channel measurement. As an example, CNN based AI/ML model can be considered in order to compress temporal-spatial-frequency domain CSI, since the channel information is correlated in time, frequency and spatial domain in general.
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Figure 1. Example of CSI-RS overhead reduction
The third one is a spatial domain prediction, i.e., CSI-RS overhead reduction. Currently, NR supports {1, 2, 4, 8, 12, 16, 24, 32}-port CSI-RS, and supported CSI-RS density values are 0.5, 1 and 2. Since CSI-RS can be configured UE/UE-group specifically, the required resources in network perspective become larger especially in case of dense Urban scenarios. So, it would be good to study CSI-RS overhead reduction via AI/ML. As an example, 16 port CSI-RS transmission in Figure 1 can be considered. Based on gNB configuration and/or AI/ML, the actual transmitted CSI-RS can be reduced by 8 (in this example, half of CSI-RS port is reduced) and can be transmitted to UE. Then, UE will measure 8-port CSI-RS and recover the 16-port channel via AI/ML. If a UE can provide improved accuracy by using the same number of CSI-RS, then the UE may provide the similar accuracy by using CSI-RS with lower density. As a result, CSI-RS overhead can be significantly reduced and this can improve overall system performance.
Among above three sub use cases, legacy codebook enhancement and CSI-RS overhead reduction may have relatively low specification impact. Thus, it is preferred to prioritize to further study on legacy codebook enhancement and CSI-RS overhead reduction based on AI/ML. 

Proposal #1: Prioritize to further study on legacy codebook enhancement and CSI-RS overhead reduction based on AI/ML. 

Potential specification impacts for CSI feedback enhancement
In order to support sub use cases for CSI feedback enhancement, the following potential specification impact can be considered. 

· CSI-RS/CSI reporting configurations 
In order to support spatial-frequency domain CSI compression or legacy codebook based enhancement, it is required to define CSI reporting configurations. Especially for spatial-frequency domain CSI compression, it should be first determined that whether it is based on the explicit feedback or implicit feedback. Traditionally, LTE and NR employed implicit feedback where RI/CQI/PMI are reported to gNB instead of raw channel matrix or channel covariance matrix. The one motivation for employing implicit feedback is due to its low feedback overhead compared to that of explicit feedback. Meanwhile, explicit feedback reports the raw channel information such as eigenvector or channel covariance matrix, so their feedback payload is normally large. If AI/ML is utilized for CSI payload reduction, raw channel information can be compressed and feed-backed to gNB. Thus, it may lead to explicit feedback and its expected specification impact seems larger compared to implicit feedback based scheme. In order to support such AI/ML based CSI reporting, for example, new CSI reporting quantity representing CSI generated by AI/ML can be defined. Also, signal/channel carrying AI/ML based CSI and some rules such as CSI priority rule, CSI omission rule, and CSI dropping rule need to be discussed, if specified. For spatial domain CSI prediction, it may need to define new CSI-RS configuration as the actually measured CSI-RS are different from configured # of CSI-RS ports. In this sub use case, CSI-RS port mapping rule and CSI-RS density can be enhanced. 

Proposal #2: Consider enhancement of CSI-RS/CSI reporting configurations for AI/ML based CSI feedback. 

· CSI processing unit (CPU) and CSI reference resource
In NR, CPU is defined to efficiently process CSI reports at UE. For CPU, the UE reports the number of supported simultaneous CSI calculation per CC and across CC. Based on the reported value and pre-defined CPU occupancy rule, UE determines whether to process triggered CSI reports or not. AI/ML based CSI calculation/reporting is quite different from the legacy CSI calculation/reporting in terms of computational complexity. In addition, we may consider employing multiple AI/ML models at the same time, and it may consider independent life cycle management for each of AI/ML model. In this situation, re-using legacy CSI processing criteria may not be sufficient. So, it needs to be discussed whether AI/ML based CSI calculation/reporting can be handled within legacy CSI processing criteria.
In case of CSI prediction based on the AI/ML model, the CSI reference resources also needs to be enhanced as multiple channel measurement and/or multiple future CSI reporting is considered. So, it is needed to re-define CSI reference resource. In the current specification, the CSI reference resource is defined as the time before CSI reporting. So, channel aging would be caused by the difference between the time for CSI reference resource and for PDSCH transmission. Based on AI/ML based CSI prediction, CSI reference resource can be modified to be based on the resource after CSI reporting, e.g., PDSCH transmission time. Fortunately, similar discussion is ongoing in Rel-18 MIMO. Thus, we can postpone the discussion until there are meaningful related outcome in Rel-18 MIMO CSI enhancement. 

Proposal #3: Consider enhancement of UE CSI processing procedure including CPU and CSI reference resource for AI/ML based CSI reporting.

· Fallback operation
[bookmark: _GoBack]Since AI/ML is data-driven model, its performance depends on the trained dataset. In this sense, if the channel statistic is changed, the AI/ML based CSI reporting may not be valid. Regarding this issue, there is discussion on life cycle management in the frame work agenda. Normally, LCM is a process of model deployment, training, inference, monitoring and update. If the AI/ML model is not valid or outdated, the model needs to be re-trained or updated which may require a long processing time. In this case, UE needs to fallback to legacy CSI reporting. Therefore, it is worthwhile to discuss on the fallback operation when the AI/ML based CSI reporting is not valid. 

Proposal #4: Consider fallback operation when AI/ML based CSI reporting is not valid.


Conclusion
In this contribution, we discussed on several aspects on AI/ML for CSI feedback enhancement other than evaluation. Based on the above discussion, we have the following proposals. 
Proposal #1: Prioritize to further study on legacy codebook enhancement and CSI-RS overhead reduction based on AI/ML. 
Proposal #2: Consider enhancement of CSI-RS/CSI reporting configurations for AI/ML based CSI feedback. 
Proposal #3: Consider enhancement of UE CSI processing procedure including CPU and CSI reference resource for AI/ML based CSI reporting.
Proposal #4: Consider fallback operation when AI/ML based CSI reporting is not valid.
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