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1	Introduction
At the RAN #102, R19 WI on AI/ML for NR Air Interface is approved and it includes several study objectives on the CSI feedback enhancement with corresponding checkpoints in RAN #105 (Sept ’24) [1].
	Study objectives with corresponding checkpoints in RAN#105 (Sept ’24):
· CSI feedback enhancement [RAN1]: 
· For CSI compression (two-sided model), further study ways to:
· Improve trade-off between performance and complexity/overhead
· e.g., considering extending the spatial/frequency compression to spatial/temporal/frequency compression, cell/site specific models, CSI compression plus prediction (compared to Rel-18 non-AI/ML based approach), etc.
· Alleviate/resolve issues related to inter-vendor training collaboration.
while addressing other aspects requiring further study/conclusion as captured in the conclusions section of the TR 38.843. 
· [bookmark: _Hlk152950038]For CSI prediction (one-sided model), further study performance gain over Rel-18 non-AI/ML based approach and associated complexity, while addressing other aspects requiring further study/conclusion as captured in the conclusions section of the TR 38.843 (e.g., cell/site specific model could be considered to improve performance gain). 


In this contribution, we discussed our views on the practical scenario for AI/ML-based CSI prediction.
2	Discussion
2.1	Practical scenario for AI/ML-based CSI prediction
As discussed in [2], periodic CSI-RS and CSI reporting with 5ms periodicity are not practical setting in commercial 5G network. Firstly, For typical 100MHz bandwidth NR TDD mid-band system, theoretical DL peak throughput with 5ms CSI-RS periodicity is reduced by -4.0%, -5.1% compared to 20ms and 160ms CSI-RS periodicity, respectively. Secondly, it seems to be expected that AI/ML based CSI compression or prediction has positive gain at some high speed (e.g., 60km/h) only. However, -4% peak throughput loss due to CSI-RS periodicity change from 20ms to 5ms will be applied without uncertainty. So, as an operator, unless the percentage of fast-moving users is very high compared to that of stationary or walking users, it is very difficult to apply the AI/ML based CSI compression or prediction features from the perspective of overall cell capacity and performance optimization. Lastly, from the field trial with 5ms CSI-RS periodicity configuration, it is observed that there is huge throughput loss (-53%) when we changed CSI-RS periodicity to 5ms from 20ms under current implementation status. So, it is clear that 5ms CSI-RS periodicity is not widely used setting in commercial 5G network. (i.e., it requires additional implementation and interoperability test for commercialization)
Observation 1. Periodic CSI-RS and CSI reporting with 5ms periodicity are not practical setting in commercial 5G network. Periodic CSI-RS and CSI reporting with 20ms periodicity should be considered in Release 19 AI/ML-based CSI prediction study.

In RAN1 #116 meeting, various evaluation assumptions for R19 AI/ML based CSI prediction was discussed and it was agreed that 20ms CSI-RS periodicity is added and encouraged for CSI-RS configuration in further evaluation of the AI/ML based CSI prediction as below [3].
	Agreement
For the evaluation of the AI/ML based CSI prediction, consider following CSI-RS configuration
· Periodic: 5 ms periodicity (baseline), 20 ms periodicity (encouraged) 
· Aperiodic: Optional, CSI-RS burst with K resources and time interval m slots (based on R18 MIMO eType-II)
Note: Companies to report observation window (number/distance) and prediction window (number/distance between prediction instances/distance from the last observation instance to the 1st prediction instance) on their evaluation.


Based on above agreement, some companies provides initial simulation results for 20ms CSI-RS periodicity in previous RAN1 #116-bis meeting as summarized in [4].
	Ericsson
	Observation 9	 Having CSI-RS periodicity of 20 ms makes CSI prediction hard, with both AI and non-AI models underperforming compared to Rel-16 baseline in terms of system KPI for the considered configuration: observation window of 5/20ms, prediction window of 1/20ms/20ms, UE speed of 3km/h. When the number of prediction time instances increases (prediction window increases), the AI and Rel-16 baseline achieve the similar level of system performance.
Proposal 3	For the CSI prediction use case with practical CSI-RS periodicities (e.g., 20 ms), study channel measurements on combined periodic and aperiodic CSI-RS resources to improve CSI prediction performance.

	InterDigital
	For 20ms CSI-RS periodicity, the non-AI/ML KF based approach consistently outperforms the AI/ML based prediction in terms of mean throughput, for the UE speeds considered (3, 10 and 30 km/h, and all considered resource utilizations). The AI/ML model outperforms the non-AI/ML KF approach only for the 5th percentile throughput and UE speed of 30 km/h.

	Apple
	Observation 3: When p-CSI-RS with 20ms periodicity is assumed, prediction fails for 30km/h and 60km/h speed.


According to these observations, 20ms CSI-RS periodicity seems to make CSI prediction hard. One of reason may be there is a lack of correlation between measurement samples. However, at the same time, there are still many possible ways to implement AI/ML based CSI prediction feature including other prediction window (ex.4/5ms/5ms), observation window (ex. 10/20ms), and combining 20ms p-CSI-RS and a-CSI-RS. Figure 1 the two CSI prediction implementation example for CSI-RS periodicity 5ms and 20ms, respectively.
[Figure 1. Two CSI prediction implementation example for CSI-RS periodicity 5ms and 20ms]
[image: ]
In previous RAN1 #116-bis meeting, it was agreed that prediction window of 4/5ms/5ms 20ms (number/distance between prediction instances/distance from the last observation instance to the 1st prediction instance) is added as a one of baseline assumption and 20ms CSI report periodicity is encouraged assumption for R19 AI/ML based CSI prediction evaluation as below [5].
	Agreement
· For the AI/ML based CSI prediction, adopt following assumptions as a baseline for evaluation purpose
· UE speed: 30km/h, 60km/h
· Others can be additionally submitted, e.g., 10km/h, 120km/h
· Observation window (number/distance): 5/5ms,10/5ms
· Others can be additionally submitted, e.g., 4/5ms, 15/5ms 
· Prediction window (number/distance between prediction instances/distance from the last observation instance to the 1st prediction instance):  1/5ms/5ms, 4/5ms/5ms
· Others can be additionally submitted, e.g., 2/5ms/5ms, 3/5ms/5ms, 1/5ms/10ms
· For other assumptions, reuse Rel-18 baseline 

Agreement
· For the AI/ML based CSI prediction, for CSI report, adopt following as a baseline for evaluation purpose
· N4 value: 1, 4
· Others can be additionally submitted, e.g., 2, 8
· paramCombination-Doppler-r18: 6,7 or paramCombination -r16 = 5,6 (for Benchmark 1)
· Others can be additionally submitted. 
· Note: The same selected parameter combination shall be applied for benchmarks.
· [bookmark: _Hlk166099799]CSI report periodicity: 5ms, 20ms (encouraged)
· Others can be additionally submitted, e.g., 10ms


Among all design parameters, we think that prediction window (number/distance between prediction instances/distance from the last observation instance to the 1st prediction instance) is one of important design parameter related to the CSI-RS periodicity. If AI/ML based CSI prediction model at UE can accurately predict four future CSIs (i.e., n +  5/10/15/20ms) per each latest CSI-RS measurement (i.e., n) with 20ms periodicity, theoretically, we can achieve similar beamforming performance when we use periodic CSI-RS and CSI report with 5ms periodicity.
Observation 2. There are still many potential implementation options to achieve meaningful positive gain under practical periodic CSI-RS and CSI report with 20ms periodicity (e.g., prediction window of 4/5ms/5ms with 20ms p-CSI-RS).
Despite of additional investigation and evaluation using above possible implementation options, it may be very difficult to make a positive gain of AI/ML based CSI prediction with 20ms p-CSI-RS only under current technology level. In that case, we should consider to transmit addition aperiodic CSI-RS for high-speed UE for prediction accuracy enhancement since reducing periodicity of p-CSI-RS from 20ms to 5ms is not acceptable in operator perspective due to i) increase of control overhead, ii) relatively low ratio of high speed UE in a cell.
Observation 3. If is concluded that there is no meaningful gain of AI/ML based CSI prediction with 20ms p-CSI-RS only despite of additional investigation and evaluation, we should consider to transmit addition aperiodic CSI-RS for high-speed UE for prediction accuracy enhancement in practical scenarios
Based on above observations, we proposed as follow:
1. Consider to study combined P-CSI-RS + AP CSI-RS for AI/ML-based CSI prediction, if it is concluded that there is no meaningful gain of AI/ML based CSI prediction with 20ms p-CSI-RS only.
[bookmark: _Hlk527071819]3	Conclusions
In this contribution, we discussed our views on the practical scenario for AI/ML-based CSI prediction.
Observation 1. Periodic CSI-RS and CSI reporting with 5ms periodicity are not practical setting in commercial 5G network. Periodic CSI-RS and CSI reporting with 20ms periodicity should be considered in Release 19 AI/ML-based CSI prediction study.
Observation 2. There are still many potential implementation options to achieve meaningful positive gain under practical periodic CSI-RS and CSI report with 20ms periodicity (e.g., prediction window of 4/5ms/5ms with 20ms p-CSI-RS).
Observation 3. If is concluded that there is no meaningful gain of AI/ML based CSI prediction with 20ms p-CSI-RS only despite of additional investigation and evaluation, we should consider to transmit addition aperiodic CSI-RS for high-speed UE for prediction accuracy enhancement in practical scenarios
Based on above observations, we proposed as follow:
1. Consider to study combined P-CSI-RS + AP CSI-RS for AI/ML-based CSI prediction, if it is concluded that there is no meaningful gain of AI/ML based CSI prediction with 20ms p-CSI-RS only.
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