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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN#102 meeting, a new WID on AI/ML for air interface was approved [1]. The following study objectives related to CSI prediction and CSI compression were included in the WID with corresponding checkpoints in RAN#105 (Sept ’24):
	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, we further discuss AI/ML based CSI compression.
New sub-use cases for AI/ML CSI compression enhancement
Regarding the limited performance gain for AI/ML based CSI compression using two-sided model, some potential sub-use cases were proposed to improve the trade-off between performance and complexity/overhead in the approved WID in RAN#102, e.g., spatial-frequency-temporal domain CSI compression, CSI compression plus prediction, and cell/site specific models. In this section, we provide our analysis and some preliminary simulation results for the three methods.
1.1     Temporal domain aspects of CSI compression
	Agreement
For the evaluation of temporal domain aspects of AI/ML-based CSI compression using two-sided model in Release 19, adopt the following categorization for study:
	Case
	Target CSI slot(s)
	Whether the UE uses past CSI information
	Whether the network uses past CSI information

	0
	Present slot
	No
	No

	1
	Present slot
	Yes
	No

	2
	Present slot
	Yes
	Yes

	3
	Future slot(s)
	Yes
	No

	4
	Future slot(s)
	Yes
	Yes

	5
	Present slot
	No
	Yes


Note 1: For the UE, the past CSI information may include past model inputs and/or any information derived from them. For the network, the past CSI information may include past CSI feedback instances and/or any information derived from them.
Note 2: For case 3 and case 4, the UE may perform prediction as a separate step or jointly with compression. Similarly, the network may perform prediction as a separate step or jointly with reconstruction. Companies to report which option is selected, the number of future slots, and whether the prediction is AI/ML-based or not.
Note 3: “Target CSI slot(s)” refers to the slot(s) to which the CSI feedback in the report corresponds. “Present slot” refers to the slot of the most recent CSI-RS measurement used to generate the CSI report. “Future slot(s)” includes at least one slot after the present slot and may include the present slot as well. 
Note 4: Down-selection is not precluded. 


On top of spatial/frequency CSI compression, the Rel-19 work item description has listed improving the trade-off between performance and complexity/overhead as one of the study objectives and has provided several example approaches. The temporal domain aspects of CSI compression can use temporal CSI information as additional information for model input to further compress and recover CSI information. However, for temporal domain aspects of CSI compression, there are still some different understandings on the implementation of this sub-use case since temporal domain CSI information or future CSI information. Therefore, two potential AI/ML-based alternatives are proposed as below: 
· Spatial/temporal/frequency compression
· CSI compression plus prediction
For case3 and case 4, the UE may perform prediction as a separate step or jointly with compression. Similarly, the network may perform prediction as a separate step or jointly with reconstruction. There may be still some different understandings among companies. For example, for the separate CSI prediction and CSI compression parts, legacy non-AI method or AI-based method can be used to predict future CSI instances. We suggest to further categorize/clarify the potential alternatives for Case 3/4.
Observation 1: For AI CSI prediction plus AI CSI compression, the discussion may be overlapped with the performance of AI CSI prediction, the relationship between them in the two another agenda items needs to be clarified. 
1.2     Cell/site specific model
Based on the Rel-19 WID, it is mentioned that cell/site specific models can be used to improve performance of CSI compression. In fact, it is via cell/site specific models to improve model generalization/scalability capabilities over various cells/sites, so when AI/ML based CSI compression is deployed over multiple cells/sites, model switch/selection/update is needed. 
As we are considering in most cases a two-sided model the UE part of the model needs to be updated every time a UE changes to another cell/site. We do not think there is a way to include these considerations into the evaluation methodology. But we think as this is an additional overhead that needs to be studied for cell/site-specific models it is important to study it when considering cell/site-specific models. 
Proposal 1: Support to study and evaluate the delivery/update of a cell/site-specific model to UE. 
Inter-vendor training collaboration
	Agreement
To alleviate / resolve the issues related to inter-vendor training collaboration of AI/ML-based CSI compression using two-sided model, study the following options:
· Option 1: Fully standardized reference model (structure + parameters)
· Option 2: Standardized dataset
· Option 3: Standardized reference model structure + Parameter exchange between NW-side and UE-side
· Option 4: Standardized data / dataset format + Dataset exchange between NW-side and UE-side
· Option 5: Standardized model format + Reference model exchange between NW-side and UE-side
Note 1: The above options may not be mutually exclusive and may be used together.
Note 2: Other options are not precluded.
Note 3: The study should consider how different methods of exchanging the parameters / dataset / reference model would affect the feasibility and collaboration complexity of options 3 / 4 / 5 respectively, e.g., over the air-interface, offline delivery, etc.
Note 4: “Dataset” refers to a set of data samples of CSI feedback and associated target CSI.


In general, the above options can be divided into two broad categories: standardized models and standardized datasets. Standardized models include option 1, option 3 and option 5. Standardized datasets include option 2 and option 4.
· Option 1: Fully standardized reference model (structure + parameters)
· Fully standardized reference model will minimize the inter-vendor collaboration complexity. However, performance will also suffer, because performance will be limited by the choice of reference model. 
· Option 2: Standardized dataset
· In our understanding, if the dataset is standardized, the input and labels are fully determined. But standardizing one or more dataset(s) that can be used for training multiple models will require great effort because the size of the dataset(s) can be very large.
· Option 3: Standardized reference model structure + Parameter exchange between NW-side and UE-side
· The adjustment of parameters may bring performance gains. But, it also brings complexity issues due to the parameter exchange between NW-side and UE-side. Model transfer should be supported and the complexity of model parameter transfer is acceptable. 
· Option 4: Standardized data / dataset format + Dataset exchange between NW-side and UE-side
· How to define the content of data/dataset format should be further considered. Basically, we think, it should include input and output size, input and output content, data distribution (such as time distribution), etc.
· Option 5: Standardized model format + Reference model exchange between NW-side and UE-side
· The definition of model format is not clear now, so it should be further discussed. However, with the assumption of cell/scenario specific reference model, the performance of option 5 is better than options 1 and 2. 
Proposal 2: Prioritize Option 3 for inter-vendor training collaboration for further study.
Proposal 3: For option 4 and option 5, definition of data/dataset and model format should be discussed first.
Remaining issues for AI/ML CSI compression
1.3     Data collection
	Agreements in RAN1#112
In CSI compression using two-sided model use case, further study the necessity, feasibility, and potential specification impact of UE side data collection enhancement including at least  
· Enhancement of CSI-RS configuration to enable higher accuracy measurement.
· Assistance information for UE data collection for categorizing the data in forms of ID for the purpose of differentiating characteristics of data due to specific configuration, scenarios, site etc.
· The provision of assistance information needs to consider feasibility of disclosing proprietary information to the other side.
· Signaling for triggering the data collection
In CSI compression using two-sided model use case, further discuss the necessity, feasibility, and potential specification impact for NW side data collection including at least:   
· Enhancement of SRS and/or CSI-RS measurement and/or CSI reporting to enable higher accuracy measurement. 
· Contents of the ground-truth CSI including:  
· Data sample type, e.g., precoding matrix, channel matrix etc.
· Data sample format: scaler quantization and/or codebook-based quantization (e.g., e-type II like). 
· Assistance information (e.g., time stamps, and/or cell ID, Assistance information for Network data collection for categorizing the data in forms of ID for the purpose of differentiating characteristics of data due to specific configuration, scenarios, site etc., and data quality indicator)
· Latency requirement for data collection
Signaling for triggering the data collection


For data collection at NW side, the quality of data reported from different UEs may vary greatly. For example, the data collected by UEs at the cell edge may suffer from low signal strength and serious interference from neighbor cell, resulting in a low quality of collected data. In this case, if the low-quality data is used for model training, model performance degradation may incur. There are two potential solutions to tackle this problem. On one hand, UE can report associated information with collected data, e.g., SINR, CQI, positioning information, and then NW determines the data quality and whether/how to apply the collected data. On the other hand, NW can configure a threshold of data quality to UE. Then UE determines whether the quality of collected data meets the requirement and only reports the qualified data. Therefore, we propose to further study the potential solutions and specification impacts regarding the data quality during data collection.
Proposal 4: Support to enable high-quality data collection from UE to network, at least including: 
· UE reports data quality related information to NW, e.g., SINR, CQI, positioning information
· NW configures a threshold of data quality to UE and UE only reports the qualified data to NW
1.4     Model pairing
	Agreements in RAN1#113
Agreement
In CSI compression using two-sided model use case, further study feasibility and procedure to align the information that enables the UE to select a CSI generation model(s) compatible with the CSI reconstruction model(s) used by the gNB. 
Agreements in RAN1#114
Observation
In CSI compression using two-sided model use case, at least the following options have been proposed by companies to define the pairing information used to enable the UE to select a CSI generation model(s) that is compatible with the CSI reconstruction model(s) used by the gNB:
· Option 1: The pairing information is in the forms of the CSI reconstruction model ID that NW will use. 
· Option 2: The pairing information is in the forms of the CSI generation model ID that the UE will use. 
· Option 3: The pairing information is in the forms of the paired CSI generation model and CSI reconstruction model ID. 
· Option 4: The pairing information is in the forms of by the dataset ID during type 3 sequential training. 
· Option 5: The pairing information is in the forms of a training session ID to a prior training session (e.g., API) between NW and UE. 
· Option 6: The pairing information is up to UE/NW offline co-engineering alignment, transparent to 3GPP specification. 
· Note: the disclosure of the vendor information during the model pairing procedure and model identification procedure should be considered.
· Note: If each UE side model is compatible with all NW side model, the information is not needed for the UE. 
Note: Above does not imply there is a need for a central entity for defining/storing/maintaining the IDs.


To our understanding, the above options are coupled with the specific training collaboration level. Option 1-3 can be applicable to training collaboration Type 1. For example, Option 1 is likely to apply to Type 1 joint training at UE side and the model ID is in the form of NW part model ID sent from UE side. Similarly, Option 2 is applicable to Type 1 joint training at NW side and the model ID is in the form of UE part model ID sent from NW side. Besides, the model ID can be in the form of pairing ID which is common to NW side and UE side in Option 3. For Option 4 and Option 5, it is mainly applicable to training collaboration Type 3 and Type 2, respectively. In addition, Option 6 is an offline coordination manner, which can be applicable to all training collaboration types. Although there are some kinds of pairing information listed above, it can be achieved by model identification and assigning a logical model ID for model pairing.
Observation 2: For CSI compression sub use case, the pairing information of the network part model and the UE part model can be viewed as a logical ID, e.g., model ID or/and dataset ID.
Regarding the interaction of pairing information, we think it is natural to be included into the procedure of functionality based /model based identification since actually pairing information is one key aspect to enable AI/ML model to work well. We have agreed that UE capability reporting framework would be used for functionality/model identification. Thus, in our mind paring can be realized by UE capability reporting, e.g., for one pair case. For multiple pairs case, other than UE capability, additional interaction is needed to ensure which one would be use.
Proposal 5: For CSI compression sub use case, the pairing information should be included in the process of functionality/model identification.
1.5     Model monitoring
UE-side model monitoring
For UE-side model monitoring, to our understanding, there are currently only two methods to consider. One is based on UE-side proxy model, and the other is NW sending output CSI. During the previous meetings, proxy model to be deployed at UE side has been proposed for model/performance monitoring, CQI/RI calculation and so on. If not considering model delivery/transfer, it is natural that dataset for training proxy model also should be considered to be delivered to UE side by offline or air interface. However, the feasibility and necessity of introducing proxy model is not clear nowadays. To achieve and run a proxy model, additional complexity and cost, e.g., computation, buffer size, is needed.
Observation 3: Whether to introduce proxy model needs to be justified.
CSI reconstruction model is not available at UE side，hence it’s hard for UE to monitor the model performance based on the actual CSI reconstruction model output. Some companies proposed to perform UE-side monitoring based on the output-CSI transmitted from NW to UE e.g.，that the output-CSI is transmitted to the UE in form of quantization values, e.g., scalar quantization or codebook-based quantization.
This method sends back the output-CSI from NW side to UE in forms of quantization value. It leads to additional latency and quantization loss. In order to calculate the monitoring metrics, UE has to buffer the previous CSI to match the output-CSI resulting in additional storage burden for UE. In conclusion, this method is not feasible for performance monitoring and we propose to deprioritize the study on UE-side monitoring based on the output-CSI transmitted from NW to UE.
[bookmark: OLE_LINK13]Proposal 6: In CSI compression using two-sided model use case, deprioritize the study on UE-side monitoring based on the output-CSI transmitted from NW to UE.
NW-side model monitoring
For NW-side monitoring, we propose a monitoring method based on the target CSI with realistic channel estimation associated to the CSI report, reported by the UE. Intermediate KPIs are calculated by NW based on traditional CSI and CSI reconstruction model output. Due to the fact that network cannot directly obtain the ground-truth label to calculate the monitoring metrics, UE can report ground-truth CSI to network to calculate the monitoring metrics. In order to improve the performance of network-based model monitoring, a higher resolution ground-truth label needs to be reported by UE. Similar to data collection, overhead to transmit ground-truth CSI is a big concern. Therefore, an enhanced Type II codebook with acceptable overhead is a promising solution, which can be considered as a candidate solution for monitoring at NW side.
Proposal 7: Prioritize to study the specification impacts on at least the following case for model performance monitoring
· NW-side monitoring based on the target CSI with realistic channel estimation associated to the CSI reported by the UE. 
Conclusions
In this contribution, we discuss CSI compression enhancement and have following observations and proposals:
Observation 1: For AI CSI prediction plus AI CSI compression, the discussion may be overlapped with the performance of AI CSI prediction, the relationship between them in the two another agenda items needs to be clarified. 
Observation 2: For CSI compression sub use case, the pairing information of the network part model and the UE part model can be viewed as a logical ID, e.g., model ID or/and dataset ID.
Observation 3: Whether to introduce proxy model needs to be justified.
Proposal 1: Support to study and evaluate the delivery/update of a cell/site-specific model to UE. 
Proposal 2: Prioritize Option 3 for inter-vendor training collaboration for further study.
Proposal 3: For option 4 and option 5, definition of data/dataset and model format should be discussed first.
Proposal 4: Support to enable high-quality data collection from UE to network, at least including: 
· UE reports data quality related information to NW, e.g., SINR, CQI, positioning information
· NW configures a threshold of data quality to UE and UE only reports the qualified data to NW
Proposal 5: For CSI compression sub use case, the pairing information should be included in the process of functionality/model identification.
Proposal 6: In CSI compression using two-sided model use case, deprioritize the study on UE-side monitoring based on the output-CSI transmitted from NW to UE.
Proposal 7: Prioritize to study the specification impacts on at least the following case for model performance monitoring
· NW-side monitoring based on the target CSI with realistic channel estimation associated to the CSI reported by the UE. 
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