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Introduction
In RAN1 #116b meeting, the following agreements on ML based CSI prediction were agreed.
	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.
· CSI report periodicity: 5ms, 20ms (encouraged)
· Others can be additionally submitted, e.g., 10ms

Conclusion
Consider error modelling in TR36.897 Table A.1-2 as a baseline if channel estimation error is modeled.
· Other modelling is not precluded, and companies should report how to model channel estimation error if other modelling is considered. 

Conclusion
If phase discontinuity is modeled, it is modelled as a uniform distribution between  within a time window of , where =40 degrees and =20ms can be a baseline. 
· Other modelling is not precluded, and companies should report how to model phase discontinuity if other modelling is considered, and additional .，if adopted


Conclusion
For the phase discontinuity modelling, it is clarified that
· A fixed phase for all CSI-RS observations within the time window, and another fixed phase for the next time window. The phases are according to uniform distribution.


Conclusion
· For evaluation of the UE-sided model based CSI prediction, UE distribution of (80% indoor, 20% outdoor) can be optionally simulated.
Note: Indoor speed is 3 km/h, outdoor speed is chosen from the following options: 30 km/h, 60 km/h. Assumption on O2I car penetration loss and spatial consistency follow the Rel-18 AI/ML based CSI prediction


Agreement
For the results template used to collect evaluation results for UE -sided model based CSI prediction, adopt Table 6 used in Rel-18 as starting point with the following addition:
· Assumption
· UE distribution (Baseline: 100% outdoor, Optional: 80% indoor, 20% outdoor)
· Whether/how channel estimation error is modelled 
· Whether/how phase discontinuity is modelled 
· Methods used to handle the phase discontinuity (if applied)
· Benchmark 2
· FLOPs/M 
· Details of complexity calculation, e.g., complexity of prediction and complexity of filter update

Agreement
· For the results template used to collect evaluation results for UE-sided model based CSI prediction using localized models, adopt Table 6 used in Rel-18 as starting point, capturing the generalized model result and the localized model result as separate columns, with the following additions for the localized model:
· Dataset description
· Local region modelling: e.g., Option 1 or Option 2, and further details
· Temporal modelling: e.g., how temporal variation is modelled in train and test sets
· Dataset description for generalized model
Agreement
For the UE-sided model based CSI prediction, for optional evaluation using AP CSI-RS, consider following assumption on observation window (number/distance)
· Observation window: 12/2ms, 8/2ms, 4/2ms
· Others can be additionally submitted

Agreement
For AI/ML based CSI prediction, at least for inference, legacy CSI-RS configuration can be a starting point. Further study on whether there is a need for specification enhancement. 

Agreement
· At least for inference, for UE-sided model based CSI prediction, legacy feedback mechanism using codebook type set to “typeII-Doppler-r18” is a starting point of discussion. Study the necessity and potential specification impacts including at least following aspects:
· CSI processing criteria and timeline

Agreement
For performance monitoring for functionality-based LCM, further study on details of type 1,2 and 3, e.g., potential specification impact, pros/cons aspects. 
· To clarify the boundary between type 1 and type 3
· To clarify definition of monitoring output and performance metric





In this contribution, we provide some discussion on AI/ML based CSI prediction.
Discussion
CSI-RS configuration
Since the CSI prediction is agreed to be based on UE side model only, the input for CSI prediction should be based on the received CSI-RS instances. It is unnecessary to specify the exact input for CSI prediction. But the further study should focus on the CSI-RS configuration for the UE to measure the input for CSI prediction.
Different from the Rel-18 CSI, the UE may only support CSI prediction for CSI-RS with a certain configuration, e.g., a certain interval between every two consecutive CSI-RS instances, and number of CSI-RS instances for a CSI prediction. Thus, it is necessary for the NW to know the UE supported configuration for the CSI-RS for CSI prediction. Otherwise, there could be a CSI-RS configuration mismatch as shown in Figure 1.
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Figure 1: CSI-RS configuration mismatch for CSI prediction
Proposal 1: Support the UE reports the preferred CSI-RS configuration for CSI prediction including at least the preferred intervals between every two consecutive CSI-RS instances and minimum number of CSI-RS instances for CSI prediction.
CSI report for model inference
In RAN1 #116b, the following has been agreed for CSI report for model inference.
	Agreement
· At least for inference, for UE-sided model based CSI prediction, legacy feedback mechanism using codebook type set to “typeII-Doppler-r18” is a starting point of discussion. Study the necessity and potential specification impacts including at least following aspects:
· CSI processing criteria and timeline




The first issue is the CPU rule for the model inference. The AI/ML may require dedicated hardware for model inference. For pre-processing of the model input and uplink signal generation for model output report, legacy CPU can be used. Thus, a new type of CPU should be defined for model inference, which can be called as enhanced CPU (eCPU). Then the AI/ML based CSI prediction can take N1 eCPUs and N2 CPUs. The value of N1 and N2 can be determined after the configuration for the AI/ML based CSI prediction is done. For the minimum processing delay (Z, Z’), additional processing delay may be required compared to the (Z, Z’) for Rel-18 PMI prediction. One possible way is to introduce the additional UE capability report. The active resource counting rule can be similar to the Rel-18 PMI prediction.
Proposal 2: Support that one CSI report for model inference occupies N1 eCPU(s) and N2 CPU(s)
· Note: eCPU is assumed for model inference, and CPU is used for model input processing and uplink signal generation for model output
· The value of N1 and N2 can be decided after the supported configuration for AI/ML based CSI prediction is finalized
Proposal 3: Support the minimum processing delay (Z, Z’) for AI/ML based CSI prediction as (Z0, Z0’)+x, where (Z0, Z0’) indicates the minimum processing delay for Rel-18 eType2 codebook enhancement for PMI prediction and x indicates additional processing delay reported by UE capability.
Proposal 4: Support to reuse the active resource counting rule for Rel-18 eType2 codebook enhancement for PMI prediction for AI/ML based CSI prediction as the starting point.

UE side data collection 
Similar to the UE side data collection for CSI compression, UE can also perform data collection for UE-side model training, finetuning, monitoring and so on for CSI prediction. Such data collection could require additional UE complexity. The NW still needs to know when the UE needs to perform the measurement for UE side data collection, as the NW needs to aware the additional UE complexity, e.g., additional CPU, for measurement for UE side data collection. Therefore, it is necessary to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection, which can be based on NW configuration or UE request CSI-RS for data collection.
Proposal 5: Support to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection for CSI prediction based on the following options:
· Option 1: The measurement for UE side data collection for CSI prediction is configured by the NW
· Option 2: UE request CSI-RS for data collection for CSI prediction
Proposal 6: Corresponding CPU(s) are occupied when UE performs CSI measurement for data collection

Model monitoring
In RAN1 #116b meeting, the following on model monitoring has been agreed.
	Agreement
For performance monitoring for functionality-based LCM, further study on details of type 1,2 and 3, e.g., potential specification impact, pros/cons aspects. 
· To clarify the boundary between type 1 and type 3
· To clarify definition of monitoring output and performance metric



The 3 types of performance monitoring are defined as follows:
	-	Type 1: 
-	UE calculate the performance metric(s) 
-	UE reports performance monitoring output that facilitates functionality fallback decision at the network
-	Performance monitoring output details can be further defined 
-	NW may configure threshold criterion to facilitate UE side performance monitoring (if needed). 
-	NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
-	Type 2: 
-	UE reports predicted CSI and/or the corresponding ground truth  
-	NW calculates the performance metrics. 
-	NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting).
-	Type 3: 
-	UE calculate the performance metric(s) 
-	UE report performance metric(s) to the NW
-	NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 



For Type1 performance monitoring, the NW may need to configure some downlink signals, e.g., CSI-RS, for the UE to calculate the performance metric. NW may also provide some configuration, e.g., threshold, for UE to determine whether model performance failure happens. Then UE may report the detected event to the NW. 
For Type2 performance monitoring, the NW may configure the UE to report the ground-truth CSI based on the CSI framework. Then based on the reported ground-truth CSI and previously reported predicted CSI, the NW can calculate the performance metric.
For Type3 performance monitoring, compared to Type1 performance monitoring, UE reports the performance metric output instead of the detected event to the NW. The NW can decide whether performance failure happens or not based on the received performance metric output.
For Type1/2/3, Type2 could require higher overhead. The report of ground truth may also include certain quantization error. For Type1, UE is able to calculate the performance output and determine whether the model failure happens or not. But for Type3, UE can calculate the performance monitoring output, but UE is unable to determine whether the model failure happens or not. Instead, UE reports the performance monitoring output to the NW and the NW can decide whether the model failure happens or not. Compared to Type3, Type1 does not require large overhead, which only requires the UE to report minimum information, e.g., whether the UE identifies a model performance failure is detected or not. The NW can configure certain threshold for the detection.
Proposal 7: Consider the following potential spec impact for the 3 types of performance monitoring
· Type1: 
· NW configuration for the downlink signal for UE to calculate the performance metric
· NW configuration for UE to determine whether model performance failure happens
· Mechanism for UE to report the detected event that model performance failure happens
· Type2:
· CSI framework for ground-truth CSI report
· Type3:
· NW configuration for the downlink signal for UE to calculate the performance metric
· Mechanism for UE to report the calculated performance metric
Proposal 8: With regard to the report overhead, for performance monitoring Type1 should be prioritized and Type2 should be deprioritized

Conclusion
In this contribution, we provided discussion on AI/ML based CSI prediction. Based on the discussion, the following proposals are provided.
Proposal 1: Support the UE reports the preferred CSI-RS configuration for CSI prediction including at least the preferred intervals between every two consecutive CSI-RS instances and minimum number of CSI-RS instances for CSI prediction.
Proposal 2: Support that one CSI report for model inference occupies N1 eCPU(s) and N2 CPU(s)
· Note: eCPU is assumed for model inference, and CPU is used for model input processing and uplink signal generation for model output
· The value of N1 and N2 can be decided after the supported configuration for AI/ML based CSI prediction is finalized
Proposal 3: Support the minimum processing delay (Z, Z’) for AI/ML based CSI prediction as (Z0, Z0’)+x, where (Z0, Z0’) indicates the minimum processing delay for Rel-18 eType2 codebook enhancement for PMI prediction and x indicates additional processing delay reported by UE capability.
Proposal 4: Support to reuse the active resource counting rule for Rel-18 eType2 codebook enhancement for PMI prediction for AI/ML based CSI prediction as the starting point.
Proposal 5: Support to maintain the same understanding between the NW and UE on when to perform the measurement for UE side data collection for CSI prediction based on the following options:
· Option 1: The measurement for UE side data collection for CSI prediction is configured by the NW
· Option 2: UE request CSI-RS for data collection for CSI prediction
Proposal 6: Corresponding CPU(s) are occupied when UE performs CSI measurement for data collection
Proposal 7: Consider the following potential spec impact for the 3 types of performance monitoring
· Type1: 
· NW configuration for the downlink signal for UE to calculate the performance metric
· NW configuration for UE to determine whether model performance failure happens
· Mechanism for UE to report the detected event that model performance failure happens
· Type2:
· CSI framework for ground-truth CSI report
· Type3:
· NW configuration for the downlink signal for UE to calculate the performance metric
· Mechanism for UE to report the calculated performance metric
Proposal 8: With regard to the report overhead, for performance monitoring Type1 should be prioritized and Type2 should be deprioritized
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