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Introduction
In RAN1 #110b, the following agreements on evaluation of AI/ML based CSI have been achieved.
	Conclusion 
Joint CSI prediction and CSI compression is NOT selected as one representative sub-use case for CSI feedback enhancement use case.


Conclusion
CSI accuracy enhancement based on traditional codebook design is NOT selected as one representative sub-use case for CSI feedback enhancement use case.


Conclusion
Temporal-spatial-frequency domain CSI compression using two-sided model is NOT selected as one representative sub-use case for CSI enhancement use case. 

• 	Up to each company to report whether past CSI is used as model input for spatial-frequency domain CSI compression



Agreement

In CSI compression using two-sided model use case, study potential specification impact for performance monitoring including: 
· NW-side performance monitoring:  NW monitors the performance and make decisions of model activation/ deactivation/updating/switching    
· UE-side performance monitoring: UE monitors the performance and reports to Network, NW makes decisions of model activation/ deactivation/updating/switching    

Agreement
In CSI compression using two-sided model use case, further study potential specification impact related to assistance signaling and procedure for model performance monitoring. 

Agreement
In CSI compression using two-sided model use case, further study potential specification impact related to potential co-existence and fallback mechanisms between AI/ML-based CSI feedback mode and legacy non-AI/ML-based CSI feedback mode.


Agreement
In CSI compression using two-sided model use case, further study at least the following options for performance monitoring metrics/methods:
· Intermediate KPIs as monitoring metrics (e.g., SGCS)
· Eventual KPIs (e.g., Throughput, hypothetical BLER, BLER, NACK/ACK).
· Legacy CSI based monitoring: schemes using additional legacy CSI reporting
· Other monitoring solutions, at least including the following option:
· Input or Output data based monitoring: such as data drift between training dataset and observed dataset and out-of-distribution detection


Agreement
In CSI compression using two-sided model use case, further study at least use cases of the following potential specification impact on quantization method alignment between CSI generation part at UE and CSI reconstruction part at gNB: 
· Alignment of the quantization/dequantization method and the feedback message size between Network and UE




In this contribution, we provide some discussion on enhancement of AI/ML based CSI.
AI/ML based CSI Compression
Framework for CSI compression
Since Rel-15, a CSI framework has been introduced for CSI measurement and report. Based on the CSI framework, the gNB can configure one or multiple CSI-reportConfig with CMR(s)/IMR(s) for channel and interference measurement. In addition, the gNB can configure metric for a CSI measurement and report by indicating different value of reportQuantity. The AI/ML based CSI compression should still be a kind of CSI report, which should be based on current CSI framework.
Proposal 1: The study of AI/ML based CSI compression should be based on the CSI framework in Rel-17.
Input for CSI compression
A possible input for CSI compression could be raw channel matrix H or the eigenvectors of the ray channel matrix V. If raw channel matrix is used as input, the eigenvectors calculation operation needs to be done in gNB side, which could increase the complexity in gNB side. In addition, raw channel matrix contains some unnecessary information for precoder selection, which may lead to higher feedback overhead compared to eigenvectors based operation. However, if eigenvectors are used as input, UE needs to perform the SVD for channel matrix, which could be N3 SVDs for a matrix with the dimension like 4x32, where N3 indicates the number of subbands.
Thus no matter whether raw channel matrix or eigenvectors of the raw channel matrix would be used, the N3 SVDs for a matrix with the dimension like 4x32 needs to be implemented either in gNB side or UE side. The complexity for such operation could be quite high. Figure 1 illustrates the procedure for AI/ML based CSI compression with raw channel as input. It can be observed that this could increase the computing complexity in gNB side. Figure 2 illustrates the procedure for AI/ML based CSI compression with eigenvector from raw channel as input. It can be observed that the UE complexity is high as UE needs to calculate the SVD for several 4x32 matrix.


Figure 1: Procedure for AI/ML based CSI compression with raw channel as input


Figure 2: Procedure for AI/ML based CSI compression with eigenvector from raw channel as input
One possible way to reduce the complexity for AI/ML based CSI compression is to reduce the dimension of the matrix for eigenvector calculation, where the input eigenvectors can be calculated as follows:

Where N indicates the number of CSI-RS resource elements for subband S;  is the estimated channel based on CSI-RS at resource element k; W1 is wideband SD basis, which can be the same as the Type2 codebook. Then the complexity for the eigenvector calculation for each subband can be reduced.
Assuming number of beams for SD basis L=2, number of CSI-RS ports is 32, number of Rx ports is 4, and the subband size is 8 for a 100 PRBs CSI-RS, the complexity for eigenvectors calculation based on raw channels could be , and the complexity for eigenvectors calculation based on the wideband precoded channel can be . Thus, the 99.2% computing complexity can be reduced. 
As shown in Figure 3, the complexity for AI/ML based CSI processing can be reduced, as UE does not need to perform the SVD for high-dimension matrix.


Figure 3: Procedure for AI/ML based CSI compression with a wideband-precoded raw channel as input
It can be observed that compared to eigenvector from raw channel as the input, the eigenvector from wideband-precoded raw channel as the input for AI/ML based CSI compression can reduce the UE complexity quite a lot.  Meanwhile, it does not require much additional complexity in gNB side. The gNB only needs to perform some matrix multiplication to recover the eigenvectors for each subband. Therefore, it is necessary to study the AI/ML based CSI compression with eigenvectors from the raw channel with a wideband precoder as input.
Proposal 2: The input of CSI compression based on the eigenvectors of the raw channel with a wideband precoder selected as SD basis, e.g. HW1. 
Proposal 3: The output of CSI compression should be the compressed eigenvectors for the raw channel with a wideband precoder selected as SD basis, e.g. HW1.
Proposal 4: The CSI report for CSI compression should comprise the beam index(es) for W1 selection and compressed eigenvectors for the raw channel with a wideband precoder selected as SD basis, e.g. HW1.
Report of Compressed CSI
After calculating the compressed CSI, UE needs to report the CSI to gNB and gNB can perform decompression to recover the CSI. Similar to current CSI report, in addition to the compressed precoder related information, UE may need to report RI/CQI/LI accordingly. Since this AI/ML based CSI is still a type of CSI report, it is possible to use current CSI report mechanism, where the CSI is reported in in two parts in PUSCH. 
Proposal 5: The study of the report of compressed CSI should be based on Rel-15 CSI report mechanism, where the CSI is reported in two parts in PUSCH.
Priority of AI/ML based CSI report
Sometimes, a UE may be triggered with multiple CSI reports. The UE needs to determine the priority of the multiple CSI reports so that it needs to determine whether some CSI reports need to be dropped or some portions of the CSI part 2 for some CSI reports need to be omitted. When a UE is triggered with multiple AI/ML based CSI reports and non-AI/ML based CSI reports, the priority for such AI/ML based and non-AI/ML based CSI report need to be decided. Usually the non-AI/ML based CSI report could be a possible way for gNB to accomplish the performance validation, it could be better that non-AI/ML based CSI report could have a higher priority than AI/ML based CSI report.
Proposal 6: Study the priority rule for AI/ML based CSI report and non-AI/ML based CSI report with regard to CSI collision handling and CSI omission.
Possible implementation options for AI/ML based CSI report
The AI/ML based CSI compression requires UE to perform inference for CSI encoder. A high-performance UE may use dedicated hardware, neural processing unit (NPU), to process the CSI encoder. However, a low-performance UE may use general processing unit (GPU) to handle the CSI compression. The high-performance UE may be able to calculate the CSI with a short processing delay, but it may not be able to process multiple AI/ML based CSI reports since the number of NPUs could be limited. The low-performance UE may be able to process multiple AI/ML based CSI reports as it does for non-AI/ML based CSI reports, where a UE may support multiple CPUs. However, the low-performance UE may not be able to calculate the AI/ML based CSI with a small delay. For AI/ML based CSI compression, the following UE types should be considered:
· Type 1 UE (low performance UE): CSI compression is based on general processing unit (GPU)
· Type 2 UE (high performance UE): CSI compression is based on neural processing unit (NPU)
For each type of UE, the CPU occupancy rule and minimal processing delay should be studied. 
Proposal 7: The AI/ML based CSI compression should consider the following types of UE: 
· Type 1 UE (low performance UE): CSI compression is based on general processing unit (GPU)
· Type 2 UE (high performance UE): CSI compression is based on neural processing unit (NPU)
AI/ML model adaptation
For AI/ML based CSI compression, another study point is the AI/ML model selection. The first issue is to identify the necessity for multiple AI/ML models. Different AI/ML models may lead to different compression ratio. With regard to CSI omission as a result of payload size restriction for CSI feedback, the AI/ML model adaptation can be considered. The UE can select the AI/ML model with the lowest compression ratio that can fit for the payload size restriction with regard to CSI omission.
Figure 4 shows one example for AI/ML model adaptation for CSI compression. With regard to potential CSI omission, the UE can choose a CSI report with the best compression ratio that can fit for the payload size restriction for a CSI report. Thus, the AI/ML model adaptation with regard to the CSI compression ratio and CSI omission rule can be studied.


Figure 4: AI/ML model adaptation for CSI compression
Proposal 8: Study the AI/ML model adaptation for CSI compression, where different AI/ML models may be with different compression ratio.
AI/ML model monitoring
The CSI compression cannot always produce perfect performance. It is necessary to consider AI/ML model monitoring. There can be the following options for model monitoring:
· Option 1: NW-based model monitoring, where the performance for the model is monitored by the gNB and the UE may report some assistant information
· Option 2: UE-based model monitoring, where the performance for the model is monitored by the UE and the UE can report an indication to the NW if it identifies an AI/ML model performance failure
The model monitoring should be based some measurements, which can be directly based on the input of CSI compression and output of the CSI decompression, e.g., SCS for both matrixes, or based on some performance related metrics measured based on a downlink signal, e.g., hypothetical BLER measured from precoded CSI-RS with the precoder selected from the decompressed CSI. If the SCS is lower than a threshold or the hypothetical BLER is higher than a threshold, a model performance failure can be declared.
Proposal 9: Study the AI/ML model monitoring for CSI compression based on the following options:
· Option 1: NW-based model monitoring, where the performance for the CSI compression is monitored by the gNB and the UE may report some assistant information
· Option 2: UE-based model monitoring, where the performance for the CSI compression is monitored by the UE and the UE can report an indication to the NW if it identifies an AI/ML model performance failure
Proposal 10: Study the metric for AI/ML model monitoring for CSI compression based on the following options:
· Option 1: SCS between the input of CSI compression and output of the CSI decompression
· Option 2: Hypothetical BLER measured from precoded CSI-RS with the precoder selected from decompressed CSI in the most recent ML based CSI report

CSI prediction
Different from CSI compression, the CSI prediction does not require 2-side mode. There can be the following implementation options for CSI prediction:
· Option 1: CSI prediction is deployed in NW side
· Option 2: CSI prediction is deployed in UE side
Currently Rel-18 MIMO supports CSI prediction in UE side, but does not support non-transparent CSI prediction in gNB side. Therefore, the AI/ML based CSI prediction should at least study the CSI prediction in NW side.
Proposal 11:  At least the AI/ML based CSI prediction in NW side should be selected as a sub-use case.
Conclusion
In this contribution, we provided discussion on evaluation of AI/ML based CSI compression. Based on the discussion, the following proposals have been achieved.
Proposal 1: The study of AI/ML based CSI compression should be based on the CSI framework in Rel-17.
Proposal 2: The input of CSI compression based on the eigenvectors of the raw channel with a wideband precoder selected as SD basis, e.g. HW1. 
Proposal 3: The output of CSI compression should be the compressed eigenvectors for the raw channel with a wideband precoder selected as SD basis, e.g. HW1.
Proposal 4: The CSI report for CSI compression should comprise the beam index(es) for W1 selection and compressed eigenvectors for the raw channel with a wideband precoder selected as SD basis, e.g. HW1.
Proposal 5: The study of the report of compressed CSI should be based on Rel-15 CSI report mechanism, where the CSI is reported in two parts in PUSCH.
Proposal 6: Study the priority rule for AI/ML based CSI report and non-AI/ML based CSI report with regard to CSI collision handling and CSI omission.
Proposal 7: The AI/ML based CSI compression should consider the following types of UE: 
· Type 1 UE (low performance UE): CSI compression is based on general processing unit (GPU)
· Type 2 UE (high performance UE): CSI compression is based on neural processing unit (NPU)
Proposal 8: Study the AI/ML model adaptation for CSI compression, where different AI/ML models may be with different compression ratio.
Proposal 9: Study the AI/ML model monitoring for CSI compression based on the following options:
· Option 1: NW-based model monitoring, where the performance for the CSI compression is monitored by the gNB and the UE may report some assistant information
· Option 2: UE-based model monitoring, where the performance for the CSI compression is monitored by the UE and the UE can report an indication to the NW if it identifies an AI/ML model performance failure
Proposal 10: Study the metric for AI/ML model monitoring for CSI compression based on the following options:
· Option 1: SCS between the input of CSI compression and output of the CSI decompression
· Option 2: Hypothetical BLER measured from precoded CSI-RS with the precoder selected from decompressed CSI in the most recent ML based CSI report
Proposal 11:  At least the AI/ML based CSI prediction in NW side should be selected as a sub-use case.
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