3GPP TSG RAN WG1 #116-bis			R1-2402505
Changsha, Hunan Province, China, April 15th – 19th, 2024
Agenda item:		9.1.3.1
Source:	China Telecom
Title:	Discussion on AI/ML-based CSI prediction
Document for:		Discussion
Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN meeting #102, a new WID on Artificial Intelligence（AI）/Machine learning（ML）for NR Air Interface was approved for Rel-19[1]. According to the WID, for CSI prediction, further study performance gain over Rel-18 non-AI/ML based approach and associated complexity, and some objectives regarding the CSI feedback enhancement requiring further study/conclusion as captured in the conclusions section of the TR 38.843[2].
	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). 
-------------- Other parts are omitted --------------


In this contribution, for CSI prediction sub use case（one-sided model）, we share our views on the topics related requiring further study/conclusion as captured in the conclusions section of the TR 38.843. 
Review of the Rel-18 study outcome
RAN1 agreed to select AI/ML CSI prediction using UE-side model as a representative sub-use case for CSI feedback enhancement in RAN1#111 meeting. RAN#100 meeting agreed to task RAN1 to further study the potential spec impact for AI/ML CSI prediction. Since only around half of the Rel-18 time is left for the CSI prediction study, the performance evaluation and potential specification impacts were not thoroughly studied. 
RAN1 concluded the following for the Rel-18 study of AI/ML CSI prediction.
	Capture the following conclusion in section 8 of the TR 38.843
· From RAN1 perspective, there is no consensus on the recommendation of CSI prediction for normative work.
· The reason for the lack of RAN1 consensus on the recommendation of CSI prediction for normative work is due to 
· Lack of results on the performance gain over non-AI/ML based approach and associated complexity
· Other aspects that require further study/conclusion are captured in the summary.


[bookmark: _Hlk157282860]In summary, the AI/ML CSI prediction was not thoroughly simulated and analysed during Rel-18 due to the limited time. To further investigate the potential enhancement on AI/ML CSI prediction, Rel-19 can further conduct comprehensive simulations and specification impact analysis. 
Observation 1: More simulations and discussions are needed to investigate the potential enhancement on AI/ML CSI prediction.
Evaluation on AI/ML based CSI prediction
In this evaluation, the nearest historic CSI is used as the baseline. The SGCS is calculated between the predicted CSI(s) and the ground-truth CSI for AI based CSI prediction, while the SGCS between the nearest historic CSI and the ground-truth CSI is used for non-prediction baseline.
In our evaluation, the UE speed is set as 30, 60 and 120km/h. The training dataset and the test dataset are generated with the same UE speed. The following observations can be made based on the simulation results.
[bookmark: _Ref158305263]Table 1 Simulation results for CSI prediction
	Carrier frequency
	Observation window
	Prediction window
	Speed(km/h)
	Benchmark 1: nearest historical CSI w/o prediction

	
2GHz
	
10/5ms
	
1/5ms/5ms

	30
	0.9682/0.8532(13.48%)

	
	
	
	60
	0.9159/0.8287(10.52%)

	
	
	
	120
	0.7563/0.7389(2.3%)


Observation 2: AI/ML based CSI prediction can achieve very high prediction accuracy compared with baseline non-prediction in terms of SGCS.
Specification aspects
1.1     Data Collection
In RAN1#114 meeting, for CSI prediction using UE-sided model use case，the following aspects on data collection have been achieved.
	Data collection:
In CSI prediction using UE sided model use case, at least the following aspects have been proposed by companies on data collection, including:
-	Signaling and procedures for the data collection 
-	Data collection indicated by NW 
-	Requested from UE for data collection 
-	CSI-RS configuration 
-	Assistance information for categorizing the data, if needed
-	The provision of assistance information needs to consider feasibility of disclosing proprietary information to the other side.


CSI-RS configuration
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For Rel-18 MIMO agenda item, the CSI-RS burst has been specified. The CSI-RS burst in Rel-18 consist of a set of CSI-RS resources with K antenna ports, spaced in time by M slots. It is further specified that the K CSI-RS resources are triggered by the same triggering DCI, and that antenna ports with the same port index of the K AP CSI-RS resources are the same. For the AI/ML-based CSI prediction, similar measurement configurations are required, but complete reuse Rel-18 CSI-RS resources settings may not be efficient due to varying time domain behaviours at different LCM.
In Rel-19, 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. 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，so that NW and UE can have same understanding regarding the instances of historical CSI and future CSI prediction. Therefore，the further study should focus on the CSI-RS configuration for the UE to measure the input for CSI prediction. 
Observation 3: CSI-RS resources configuration needs to be studied for CSI prediction use cases as Rel-18 MIMO agenda item, at least for CSI-RS configuration/triggering enhancement.
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.
Assistance information
[bookmark: OLE_LINK60][bookmark: OLE_LINK2][bookmark: OLE_LINK4]Regarding data collection for training, to reduce the overhead, complexity and UE power consumption, offline training is more suitable for AI-based CSI prediction. The data collection for CSI prediction at the UE side is based on the measurement of CSI-RS transmitted from network to UE. The collection of CSIs includes two parts, e.g., the collection of historical CSIs and the collection of future CSIs. Whether it is historical CSIs or future CSIs, the continuity and sequential order of CSIs in one sample should be guaranteed, which impacts the storage of CSIs and the reporting mode of CSIs to the NW (if needed). Therefore, CSIs can be reported with a timestamp indicator. 
Proposal 2: Supporting the report of the CSIs with a timestamp indicator as assistance information so as to guarantee the continuity and sequential order for data collection of historical CSIs or future CSIs.
1.2     Model Monitoring
[bookmark: OLE_LINK3][bookmark: OLE_LINK6]In RAN1#114 meeting, the following agreement was achieved on performance monitoring for functionality-based LCM for CSI prediction using UE-side mode use case.

	Performance monitoring: 
For CSI prediction using UE side model use case, at least the following aspects have been proposed by companies on performance monitoring for functionality-based LCM:
-	Type 1:
-	UE calculates 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 calculates the performance metric(s) 
-	UE reports performance metric(s) to the NW
-	NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
-	Functionality selection/activation/deactivation/switching as defined for other UE side use cases can be reused, if applicable. 
-	Configuration and procedure for performance monitoring 
-	CSI-RS configuration for performance monitoring
-	Performance metric including at least intermediate KPI (e.g., NMSE or SGCS)
-	UE report, including periodic/semi-persistent/aperiodic reporting, and event driven report
-	Note: down selection is not precluded.
-	Note: UE may make decision within the same functionality on model selection, activation, deactivation, switching operation transparent to the NW.


As shown in the above agreement, the performance monitoring for functionality-based LCM can be divided into 3 types: 
· For Type 1 monitoring, UE calculates the performance metric(s) and reports performance monitoring output that facilitates functionality related decision(s) at the network. Then, network can make decision(s) on the functionality related operation based on the mentioned performance monitoring output.  
· For Type 2 monitoring, the predicted CSI and/or the corresponding ground-truth are reported by UE to network to calculate the monitoring metric(s), and then network makes decision(s) on functionality related operation.
· For Type 3 monitoring, UE calculates the performance metric(s) and reports performance metric(s) to the network. Then, network makes subsequent decision(s) on the functionality related operation according to the performance metric(s).
[bookmark: OLE_LINK12]For Type 1 and Type 3 monitoring, the main difference between two types is that the reporting contents of performance monitoring are different, i.e., an indication of decision recommendation for Type 1 and monitoring performance metrics for Type 3. Regardless of which type of monitoring, performance monitoring should be performed based on a period of time, maybe not simply a time occasion, since it does not make sense that current AI/ML model performance is necessarily bad according to the monitoring result of one time occasion. In addition, the frequent subsequent model decision(s) based on the monitoring result may introduce additional signaling overhead and certain performance loss. Thus, when performance monitoring is performed by UE, UE can monitor the model performance based on the performance metrics, e.g., SGCS, of multiple monitoring occasions, or based on an average value of the performance metrics in the monitoring window. Then, UE can either report monitoring metrics of all monitoring occasions or report an average metric over monitoring occasions to the network. If UE reports the monitoring metrics of all monitoring occasions, network can better identify the performance variation in the monitoring window, and it is beneficial for network to make appropriate decision(s) and dynamically modify the configurations based on the monitoring results, e.g., length of prediction window. Otherwise, network may not identify the detailed performance variation according to an average value of performance metrics, however, it can save some feedback overhead. Besides, UE can also report an indication of monitoring performance or decision recommendation to network based on the monitoring results. On one hand, UE can report 1-bit indicator to indicate the current performance is good or not, as well as whether functionality decision(s) is expected to be performed by network. On the other hand, UE may report K-bit indicator to recommend network to perform which decision on functionality, which may need UE and network have a common understanding on that. However, the final decision should be determined by network.
Proposal 3: For type1/2/3, potential specification impact on reporting contents of performance monitoring should be studied for AI/ML-based CSI prediction, at least including:
· Performance metrics of all monitoring occasions
· An statistical performance metric over monitoring occasions 
Proposal 4: For Type 1 performance monitoring, the details of performance monitoring output should be further studied, at least including:
· An indicator of monitoring performance
· An indicator of enabling decision recommendation
Conclusions
In this contribution, we discuss CSI prediction enhancement and have following proposals:
Observation 1: More simulations and discussions are needed to investigate the potential enhancement on AI/ML CSI prediction.
Observation 2: AI/ML based CSI prediction can achieve very high prediction accuracy compared with baseline non-prediction in terms of SGCS.
Observation 3: CSI-RS resources configuration needs to be studied for CSI prediction use cases as Rel-18 MIMO agenda item, at least for CSI-RS configuration/triggering enhancement.
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: Supporting the report of the CSIs with a timestamp indicator as assistance information so as to guarantee the continuity and sequential order for data collection of historical CSIs or future CSIs.
Proposal 3: For type1/2/3, potential specification impact on reporting contents of performance monitoring should be studied for AI/ML-based CSI prediction, at least including:
· Performance metrics of all monitoring occasions
· An statistical performance metric over monitoring occasions 
Proposal 4: For Type 1 performance monitoring, the details of performance monitoring output should be further studied, at least including:
· An indicator of monitoring performance
· An indicator of enabling decision recommendation
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