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Introduction
[bookmark: _Hlk101176897]AI/ML-based channel state information (CSI) feedback enhancement is one of the use cases in this study item. In the previous RAN WG1 109-e meeting, spatial-frequency domain CSI compression using two-sided AI model is selected as one representative sub-use case [1]. It is also agreed that other sub-use case is not precluded, and a number of possible sub-use cases are concluded.
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. 

Sub-Use-Case Selection
The CSI is important feedback from a user equipment (UE) to a base station (BS) for downlink transmission. An accurate reported precoding matrix indicator (PMI) may suggest a precoding matrix such that probability of error at the UE is minimized. The legacy approach of generating the PMI is codebook-based approach. It is shown in [2] that a two-sided AI/ML model is capable of suggesting a much better precoding matrix than the legacy approach (Rel-16 type II codebook) with the same amount of CSI overhead bits. When the channel does not change rapidly, the CSI generated at a slot may offer good performance for the slots in its near future. However, for the scenario that UEs are of medium or high mobility, the channel may change dramatically within a short period of time. In other words, the CSI feedback may suffer from the channel aging issue in this case.

One way of tackling this issue is to reduce the period for CSI reporting, however, the overhead may be increased significantly, which reduces the data rate. It is therefore anticipated that the CSI generated at a slot can be used to predict the CSI in its near future. This may be feasible if the temporal correlation of the channel is large.

The temporal correlation of the channel is characterized by the zero-order Bessel function

where  is the Doppler’s shift, and  is the delay. The Doppler’s shift is related to the carrier frequency , UE speed , and the speed of light  in the following way

It is shown in Table 1 the relationship between the temporal correlation of the channel and the delay for several choice of Doppler’s shift. It is noticed that the temporal correlation of the channel reduces as the delay and/or Doppler’s shift increase. We have the following observation.
Observation-1: The temporal correlation of the channel reduces as the delay and/or Doppler’s shift increase. For this reason, the gain achieves in the CSI feedback may be greatly reduced when it is used (at a future time) if time-domain CSI prediction is not performed.
	Delay
Doppler’s Shift
	2 ms
	4 ms
	6 ms

	10 Hz
	0.9961
	0.9843
	0.9648

	50 Hz
	0.9037
	0.6425
	0.2906

	120 Hz
	0.5074
	0.2654
	0.3149

	200 Hz
	0.0550
	0.1689
	0.2608


Table 1. The temporal correlation of the channel.

	
	Value
	Value

	CSI Scheduling Delay
	4 ms

	Carrier Frequency
	4 GHz
	2 GHz

	UE Speed
	3 km/h
	30 km/h

	Doppler’s Shift
	11.11 Hz
	55.56 Hz


Table 2: EVM in UMa scenario [1].
According to Table 1 and the EVM agreed [1] (Table 2), the temporal correlation may be able to be exploit in CSI prediction for the scenarios of interest. Furthermore, it is expected that the AI/ML-based CSI prediction is capable of better exploiting this temporal correlation for the purpose of CSI prediction.

The gain of the AI/ML-based time-domain CSI prediction compared to a traditional method is tested by the following link-level simulation (LLS). We choose autoregressive integrated moving average (ARIMA) as the traditional method, whose performance of CSI prediction is compared against that of the AI/ML-based method. The simulation parameters are summarized in Table 3. A total of three pairs of input-slot numbers and predict-slot numbers are considered, which are summarized in Table 4. 

	Parameters
	Values

	Channel Model
	CDL-C

	Delay Spread
	10 ns

	Doppler’s Shift
	200 Hz

	Antenna Configuration 
	16x1

	The Number of Transmitting Antennas )
	32

	The Number of Receiving Antennas )
	2

	RB Numbers
	24

	Sub-Carrier Spacing
	30 kHz

	Sub-Band Numbers
	12


Table 3. Simulation parameters for time-domain CSI prediction.

	Cases
	Input-slot numbers
	Predict-slot number

	1
	24
	12

	2
	24
	24

	3
	48
	24


Table 4. Three scenarios of simulations.
The mean-squared error (MSE) of the CSI prediction using the aforementioned two methods for those three cases is shown in Fig. 1. We have the following observation.
Observation-2: AI/ML-based method offers a better performance compared to a traditional approach for time-domain CSI prediction.
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Fig. 1. The MSE of the time-domain CSI prediction using the ARIMA and AI/ML-based methods
As a result, we have the following proposal.
Proposal-1: AI/ML-based CSI feedback prediction in time domain should be selected as a sub-use case of CSI feedback enhancement. 
Compared with the CSI prediction at gNB side, the time-domain CSI prediction at UE side may be more feasible and practical. The reason is that detailed information is available at UE side, but not gNB side, e.g., the UE speed. However, at this study-item stage, we prefer to keep both the two scenarios for further study. As a result, we have the following proposal.
Proposal-2: Both CSI prediction at UE side and CSI prediction at gNB side can be studied in this sub-use case.
Potential STD Impacts
As using a two-sided AI/ML model (Fig. 2) is determined to be the first step to study the sub-use case of CSI compression, the related procedures are of interest. At the AI/ML model training stage, the models at the two sides should be trained together to obtain a pair of AI/ML model. At the AI/ML model inference stage, the correct AI/ML model for reconstruction should be identified to obtain an accurate CSI recovery. This means that the problem of AI/ML model pairing is crucial. The AI/ML model monitoring helps determine the ON/OFF switching of the AI/ML, which guarantees a reasonable performance. The procedures of realizing the aforementioned features should be studied, which is closely related to the study of STD impacts.
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Fig. 2. The framework of a two sided AI/ML model.

As a result, we propose the following potential standard impacts for the agreed sub-use case [1], i.e., spatial-frequency domain CSI compression using two-sided AI/ML model. 

Proposal-3: For the two-sided AI/ML-based method, the study of STD impacts may start from:
· Studying the CSI report configurations and the procedures related to the two-sided AI/ML model.
· Studying the procedures related to pairing the AI/ML CSI generation part and the AI/ML CSI reconstruction part.
· Studying the AI/ML ON/OFF switching and the AI/ML operation alignment for the two-sided AI/ML model.

As mentioned above, time-domain CSI prediction using one-sided AI/ML model should be studied to address the channel aging issue. Since the CSI prediction is feasible by exploiting the temporal correlation, information from previous time slots is required in this sub-use case. As a result, the issues of time-domain CSI-RS configuration and the overhead reduction, and related procedures, should be addressed. Assistance information, if it helps, is also desirable for an accurate prediction. For time-domain CSI prediction, we propose the following STD impacts.

 Proposal-4: For the one-sided AI/ML-based method, the study of STD impacts may start from:
· Studying the time-domain CSI-RS configurations to enable accurate CSI prediction.
· Studying CSI-RS overhead reduction for CSI prediction.
· Studying assistance information needed for CSI prediction.

Conclusions
Observation-1: The temporal correlation of the channel reduces as the delay and/or Doppler’s shift increase. For this reason, the gain achieves in the CSI feedback may be greatly reduced when it is used (at a future time) if time-domain CSI prediction is not performed.
Observation-2: AI/ML-based method offers a better performance compared to a traditional approach for time-domain CSI prediction.
Proposal-1: AI/ML-based CSI feedback prediction in time domain should be selected as a sub-use case of CSI feedback enhancement. 
Proposal-2: Both CSI prediction at UE side and CSI prediction at gNB side can be studied in this sub-use case.
Proposal-3: For the two-sided AI/ML-based method, the study of STD impacts may start from:
· Studying the CSI report configurations and the procedures related to the two-sided AI/ML model.
· Studying the procedures related to pairing the AI/ML CSI generation part and the AI/ML CSI reconstruction part.
· Studying the AI/ML ON/OFF switching and the AI/ML operation alignment for the two-sided AI/ML model.

 Proposal-4: For the one-sided AI/ML-based method, the study of STD impacts may start from:
· Studying the time-domain CSI-RS configurations to enable accurate CSI prediction.
· Studying CSI-RS overhead reduction for CSI prediction.
· Studying assistance information needed for CSI prediction.
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