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1 Introduction
In RAN#94e, Release-18 new study item on “Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface” is approved, with the revised study item in [1]. One of the study objectives includes the analysis of solutions for CSI feedback enhancements. 
Further in RAN1 #110, for the CSI compression using two-sided model sub-use case, agreements have been achieved to further study potential specification impact on CSI report [2], as is shown below.
	In CSI compression using two-sided model use case, further study potential specification impact on CSI report, including at least
· CSI generation model output and/or CSI reconstruction model input, including configuration(size/format) and/or potential post/pre-processing of CSI generation model output/CSI reconstruction model input. 
· CQI determination
· RI determination



According to discussions in 3GPP RAN1#114 meeting [3], much progress has been made on other aspects of AI/ML for CSI feedback enhancement and some agreements have been reached. However, there are still some remaining issues on other aspects of CSI feedback enhancement to be further discussed. This contribution discusses potential specification impacts of CSI compression using two-sided AI model sub-use case, especially CQI determination.

2 CQI determination
Even though the most of the existing CQI frameworks can be reused when the reconstructed CSI type is a precoding matrix, some enhancements are necessary so that CQI is applicable to the CSI compression. In the current framework, the CQI is calculated by UE assuming that the precoding matrix derived from the reported PMI is applied. If PMI is replaced by the encoded bit information, how to assume a precoding matrix for CQI calculation needs to be specified for CSI compression scenarios. Also, unless the decoder is deployed at UE in addition to the encoder, the reconstructed CSI is not available at UE. In that case, UE is not fully aware of the precoding matrix reconstructed at gNB. In two-sided CSI compression use case, the following agreement was made in RAN1#112 regarding CQI determination [4].
	Agreement:
In CSI compression using two-sided model use case, further study the following options for CQI determination in CSI report, if CQI in CSI report is configured.    
· Option 1: CQI is NOT calculated based on the output of CSI reconstruction part from the realistic channel estimation, including
· Option 1a: CQI is calculated based on target CSI with realistic channel measurement  
· Option 1b: CQI is calculated based on target CSI with realistic channel measurement and potential adjustment 
· Option 1c: CQI is calculated based on legacy codebook
· Option 2: CQI is calculated based on the output of CSI reconstruction part from the realistic channel estimation, including
· Option 2a: CQI is calculated based on CSI reconstruction output, if CSI reconstruction model is available at the UE and UE can perform reconstruction model inference with potential adjustment
· Note: CSI reconstruction part at the UE can be different comparing to the actual CSI reconstruction part used at the NW. 
· Option 2b: CQI is calculated using two stage approach, UE derive CQI using precoded CSI-RS transmitted with a reconstructed precoder.   
· Other options are not precluded
· Note1: feasibility of different options should be evaluated 
· Note2: Gap analyses between the UE side CQI calculation results and the NW side results, as well as the impact on the scheduling performance should be evaluated
· Note3: Complexity of CQI calculation needs to be evaluated, including the computing complexity and potential RS/signaling overhead



According to the above cases for CQI calculation, the detailed analyses of each option are shown as below. Further, we evaluate the performance and necessity of some options.

2.1 CQI determination: Option 2a
For Option 2a, CQI is calculated based on CSI reconstruction output, if CSI reconstruction model is available at the UE and UE can perform reconstruction model inference with potential adjustment. Note that CSI reconstruction part at the UE can be different comparing to the actual CSI reconstruction part used at the NW. Option 2a are proposed to be further categorized into 2 sub-options:
Option 2a: CQI is calculated based on CSI reconstruction output, if CSI reconstruction model is available at the UE and UE can perform reconstruction model inference with potential adjustment
· Option 2a-(a): CQI is calculated based on CSI reconstruction output, where CSI reconstruction part at the UE is the same as the actual CSI reconstruction part used at the NW.
· Option 2a-(b): CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW.
For Option 2a-(a), UE has the CSI reconstruction part used at the NW. In this case, the mismatch of precoding matrix at UE and NW side is eliminated since they use the same AI/ML model for CSI reconstruction. The performance reached the upper-bound with the AI/ML for CSI feedback enhancement architecture. However, as the actual CSI reconstruction part used at the NW tends to be over-complicated for UE, it would increase the computation and storage resource consumption to a large extent at UE side [5].
For Option 2a-(b), UE uses proxy CSI reconstruction model which is different from the actual CSI reconstruction part used at the NW to calculate CQI. The proxy model at UE side is intended to imitate the reconstructed CSI output by the decoder at the NW. Then the CQI is calculated based on the proxy output CSI at UE side. With the proxy model, Option 2a-(b) tries to reach the performance of Option 2a-(a) with acceptable cost. The architecture of Option 2a-(b) is shown in Figure 1.

Figure 1 Architecture of Option 2a-(b): CQI is calculated based on proxy CSI reconstruction output
The proxy reconstruction model is necessary for minimizing the precoding matrix mismatch at the UE and NW sides. Figure 2 shows the SGCS performance of a well-trained AI/ML model and its proxy model over 20 random samples, named “Real SGCS” and “Predicted SGCS”. As analyzed in performance monitoring, although the average SGCS is 0.74, the SGCS over samples fluctuates between 0.54 and 0.82. For the 19th sample, Option 1a of using target CSI would lead to a large mismatch since its SGCS is only 0.54. However, with the application of Option 2a-(b), the proxy reconstruction model shares similar SGCS with the actual CSI reconstruction part used at the NW, reducing the precoding matrix mismatch to a large extent.

Figure 2 SGCS comparison of reconstruction model at NW and proxy model at UE
The proxy reconstruction model is evaluated to achieve more accurate CQI selection. Figure 3 shows the CQI comparison based on target CSI, actual reconstructed CSI and proxy reconstructed CSI for 13 subbands. Take CQI based on actual reconstructed CSI as benchmark, the calculation accuracy of CQI based on target CSI (i.e., Option 1a) is 38%, while the calculation accuracy of CQI based on proxy reconstructed CSI (i.e., Option 2a-(b)) is 92%. Proxy model can increase the CQI accuracy by 54%.

Figure 3 CQI comparison based on target CSI, actual reconstructed CSI and proxy reconstructed CSI
The effective rate is evaluated to increase with the application of proxy reconstruction model at the UE side. Figure 4 shows the comparison of effective rate in four scenarios:
· Scenario (1) target-target CSI: UE calculates CQI based on target CSI with realistic channel measurement. NW also obtains precoder based on target CSI with realistic channel measurement. It is the ideal but unrealistic upper-bound for CQI calculation.
· Scenario (2) target-actual CSI: UE calculates CQI based on target CSI with realistic channel measurement. However, NW obtains precoder based on actual reconstructed CSI by the reconstruction model. It is CQI calculation Option 1a.
· Scenario (3) actual-actual CSI: UE calculates CQI based on actual reconstructed CSI by the reconstruction model. NW also obtains precoder based on actual reconstructed CSI by the same model. It is Option 2a-(a), the upper-bound with the introduction of AI/ML for CSI feedback enhancement.
· Scenario (4) proxy-actual CSI: UE calculates CQI based on reconstructed CSI by the proxy reconstruction model. However, NW obtains precoder based on actual reconstructed CSI by the reconstruction model. It is the proposed CQI calculation Option 2a-(b).
It is shown that Option 2a-(b) can achieve the same level of effective rate as Option 2a-(a) without large computation and storage resource consumption for the actual CSI reconstruction part used at the NW. Comparatively, the effective rate of Option 1a is only 71% of the effective rate of Option 2a-(a).

Figure 3 Comparison of effective rate in four scenarios
In addition to the effectiveness evaluated above, specification impact about feasibility for training collaboration should be taken into consideration. For Type 1 training, it may only need additional transparent delivery of the proxy model. For Type 2 training, it demands additional data to be sent from NW to UE side in each loop. And for UE-first Type 3 training, there are three steps for model training: CSI generation model at UE, CSI reconstruction model at NW and CSI proxy model at UE. Additional dataset needs to be sent to UE side for proxy model training. For NW-first Type 3 training, additional dataset transmission is also necessary. As for the complexity of proxy model, it should be further discussed. On one hand, performance and complexity trade-offs need to be achieved to relieve the computation and storage burden at UE side. On the other hand, the complexity can be diverse according to the channel state. Therefore, we propose to further study potential specification impact on the CQI determination based on the output of proxy CSI reconstruction part at the UE.
According to initial evaluations on performance and specification impacts, the following down-selections are proposed: 
•	Prioritize the specification impact discussions on Option 2a-(b).
•	No further discussion on specification impacts for Option 2a-(a).
Observation 1: For CQI is calculated based on CSI reconstruction output, where CSI reconstruction part at the UE is the same as the actual CSI reconstruction part used at the NW, the performance reached the upper-bound with the AI/ML for CSI feedback enhancement architecture. However, it would increase the computation and storage resource consumption to a large extent at UE side.
Observation 2: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that the proxy reconstruction model is necessary for minimizing the precoding matrix mismatch at the UE and NW sides.
Observation 3: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that the proxy reconstruction model is evaluated to achieve more accurate CQI selection. Compared to CQI calculated based on actual reconstructed CSI, this method achieves high CQI accuracy of 92%. Compare to CQI calculated based on target CSI, this method increases the accuracy by 54%.
Observation 4: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that it can achieve the same level of effective rate as the upper-bound without large computation and storage resource consumption for the actual CSI reconstruction part used at the NW.
Observation 5: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, feasibility and complexity of this method should be further discussed in addition to the effectiveness evaluated above.
Proposal 1: Option 2a is further categorized into 2 sub-options as follows:
Option 2a: CQI is calculated based on CSI reconstruction output, if CSI reconstruction model is available at the UE and UE can perform reconstruction model inference with potential adjustment
· Option 2a-(a): CQI is calculated based on CSI reconstruction output, where CSI reconstruction part at the UE is the same as the actual CSI reconstruction part used at the NW.
· Option 2a-(b): CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW.

2.2 CQI determination: Option 1 and Option 2b
· For Option 1a, CQI is calculated based on target CSI with realistic channel measurement. It is a simplistic way for CQI calculation as UE is not aware of the reconstructed CSI by the decoder at NW without additional overhead. However, one issue needs to be considered is that there exists a gap between the target CSI and the reconstructed CSI. For a well-trained AI/ML model, the reconstruction loss (e.g., 1-SGCS) cannot be small enough for nearly perfect CSI reconstruction [6]. The simulation result in Figure 2 shows that the SGCS fluctuates drastically over samples, and this method results in unneglectable gap in CSI reconstruction in many cases. The gap may be more obvious for generalized scenarios. Further, the CQI accuracy collapses as shown in Figure 3. If CQI is calculated based on the target CSI with realistic channel measurement, UE tends to over-estimate the channel condition and reconstructed PMI and CQI are not matched. In this way, NW may always need to make some adjustment on UE-reported CQI according to outer loop link adaptation.
· For Option 1b, CQI is calculated based on target CSI with realistic channel measurement and potential adjustment. Considering the issue of Option 1a that it would lead to over-estimated CQI, Option 1b introduces potential adjustment to calculate a more accurate CQI. The potential adjustment needs to be further categorized and discussed. For adjustment based on prior information at NW (e.g., previous CSI reconstruction output), the latency caused by feedback or other transmission should be evaluated. For adjustment based on local information at UE (e.g., CQI calculated with added AWGN [7]), the mechanism and performance should also be clarified.
· For Option 1c, CQI is calculated based on legacy codebook. However, as there is a large mismatch between precoding matrix selected from the traditional codebook and precoding matrix reconstructed by the AI/ML model at NW, CQI calculated following Option 1c is more likely to be inaccurate. Moreover, UE needs to support traditional codebook-based and AI/ML-enabled CSI feedback scheme simultaneously, which is unnecessary as for complexity.
· For Option 2b, CQI is calculated using two stage approach, UE derive CQI using precoded CSI-RS transmitted with a reconstructed precoder. In the first step, UE receives CSI-RS and reports the PMI compressed by AI/ML model. In the second step, NW transmits a precoded CSI-RS based on the reconstructed PMI and then UE reports the CQI determined by precoded CSI-RS. Such a procedure would introduce additional latency and overhead. Also, this method encounters CQI aging problem because of fast fading channels.
Based on the above analysis, the following down-selections are proposed: 
•	Prioritize the specification impact discussions on Option 1b.
•	No further discussion on specification impacts for Option 1a, Option 1c and Option 2b.
Observation 6: For CQI is calculated based on target CSI with realistic channel measurement, simulation results show that this method results in fluctuating and unneglectable gap in CSI reconstruction SGCS. Further, simulation result shows that the CQI accuracy collapses If CQI is calculated based on the target CSI with realistic channel measurement, as UE tends to over-estimate the channel condition and reconstructed PMI and CQI are not matched.
Observation 7: For CQI is calculated based on target CSI with realistic channel measurement and potential adjustment, this method calculates more accurate CQI compared to CQI calculated based on target CSI with realistic channel measurement. However, the potential adjustment needs to be further categorized and discussed.
Observation 8: For CQI is calculated based on legacy codebook, as there is a large mismatch on precoding matrix, CQI is more likely to be inaccurate. Moreover, it is unnecessary for UE to support traditional codebook-based and AI/ML-enabled CSI feedback scheme simultaneously for complexity.
Observation 9: For CQI is calculated using two stage approach, where UE derives CQI using precoded CSI-RS transmitted with a reconstructed precoder, it would introduce additional latency and overhead. Also, this method encounters CQI aging problem because of fast fading channels.

On the whole, we agree that the performance, feasibility, complexity and other concerning aspects of all the CQI determination options should be concluded in work item. According to the discussion in 2.1 and 2.2, we have the following proposals.
Proposal 2: the performance, feasibility, complexity and other concerning aspects of all the CQI determination options should be concluded in work item.
Proposal 3: According to initial evaluations on performance and specification impacts, the following down-selections are proposed:  
•	Prioritize the specification impact discussions on Option 1b and Option 2a-(b).
•	No further discussion on specification impacts for Option 1a, Option 1c, Option 2a-(a) and Option 2b.

3 Conclusion
In this contribution, we provide our view on the sub use case for AI/ML-based CSI feedback enhancement and discuss the evaluations and specification impacts. The following observations and proposals were made:
Observation 1: For CQI is calculated based on CSI reconstruction output, where CSI reconstruction part at the UE is the same as the actual CSI reconstruction part used at the NW, the performance reached the upper-bound with the AI/ML for CSI feedback enhancement architecture. However, it would increase the computation and storage resource consumption to a large extent at UE side.
Observation 2: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that the proxy reconstruction model is necessary for minimizing the precoding matrix mismatch at the UE and NW sides.
Observation 3: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that the proxy reconstruction model is evaluated to achieve more accurate CQI selection. Compared to CQI calculated based on actual reconstructed CSI, this method achieves high CQI accuracy of 92%. Compare to CQI calculated based on target CSI, this method increases the accuracy by 54%.
Observation 4: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, simulation result shows that it can achieve the same level of effective rate as the upper-bound without large computation and storage resource consumption for the actual CSI reconstruction part used at the NW.
Observation 5: For CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW, feasibility and complexity of this method should be further discussed in addition to the effectiveness evaluated above.
Proposal 1: Option 2a is further categorized into 2 sub-options as follows:
Option 2a: CQI is calculated based on CSI reconstruction output, if CSI reconstruction model is available at the UE and UE can perform reconstruction model inference with potential adjustment
· Option 2a-(a): CQI is calculated based on CSI reconstruction output, where CSI reconstruction part at the UE is the same as the actual CSI reconstruction part used at the NW.
· Option 2a-(b): CQI is calculated based on proxy CSI reconstruction output, where CSI reconstruction part at the UE is different from the actual CSI reconstruction part used at the NW.
Observation 6: For CQI is calculated based on target CSI with realistic channel measurement, simulation results show that this method results in fluctuating and unneglectable gap in CSI reconstruction SGCS. Further, simulation result shows that the CQI accuracy collapses If CQI is calculated based on the target CSI with realistic channel measurement, as UE tends to over-estimate the channel condition and reconstructed PMI and CQI are not matched.
Observation 7: For CQI is calculated based on target CSI with realistic channel measurement and potential adjustment, this method calculates more accurate CQI compared to CQI calculated based on target CSI with realistic channel measurement. However, the potential adjustment needs to be further categorized and discussed.
Observation 8: For CQI is calculated based on legacy codebook, as there is a large mismatch on precoding matrix, CQI is more likely to be inaccurate. Moreover, it is unnecessary for UE to support traditional codebook-based and AI/ML-enabled CSI feedback scheme simultaneously for complexity.
Observation 9: For CQI is calculated using two stage approach, where UE derives CQI using precoded CSI-RS transmitted with a reconstructed precoder, it would introduce additional latency and overhead. Also, this method encounters CQI aging problem because of fast fading channels.
Proposal 2: the performance, feasibility, complexity and other concerning aspects of all the CQI determination options should be concluded in work item.
Proposal 3: According to initial evaluations on performance and specification impacts, the following down-selections are proposed:  
•	Prioritize the specification impact discussions on Option 1b and Option 2a-(b).
•	No further discussion on specification impacts for Option 1a, Option 1c, Option 2a-(a) and Option 2b.
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