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Introduction
In this contribution, we provide our views on the Rel-19 AI/ML for air interface. Views on the potential WI and the potential SI for AI/ML for air interface are shared in Section 2.1 and Section 2.2, respectively.
Discussion
 Rel-19 WI
The Rel-18 RAN1 led study item of AI/ML for air interface mainly focus on the general framework of AI/ML and the evaluation and potential spec impact of three use cases: CSI enhancement, beam management and positioning [1] [2].
Although there may be some left meetings for RAN1, RAN2 and RAN4, the main achievement of this study item can be roughly summarized below:
· The common understanding on the major fundamental concepts like terminology and collaboration levels have been achieved.
· The general framework of life cycle management (LCM) of AL/ML have been investigated, including functionality-based LCM and model-based LCM.
· The LCM procedure includes data collection, model transfer, model/functionality activation/deactivation/switch/selection/fallback and performance monitoring.
· Six sub use cases have been identified, and the evaluation of performance gain and potential spec impact of them is also performed.
Although currently there might be some left remaining issues to complete the SI in Rel-18, the general framework of AI/ML for air interface is well studied. In general, we support to transform AI/ML for NR air interface into WI in Rel-19. 
Proposal 1: Support WI of AI/ML for air interface in Rel-19.

For CSI enhancement, two sub-use cases have been studied: 
· Spatial-frequency domain CSI compression using two-sided AI model. 
· Time domain CSI prediction using UE sided model. 
For beam management, two sub-use cases have been studied:
· BM-Case1: Spatial-domain Downlink beam prediction for Set A of beams based on measurement results of Set B of beams. 
· BM-Case2: Temporal Downlink beam prediction for Set A of beams based on the historical measurement results of Set B of beams.
For positioning use case, two sub-use cases have been studied:
· Direct AI/ML positioning: 
· AI/ML model output: UE location
· AI/ML assisted positioning: 
· AI/ML model output: new measurement and/or enhancement of existing measurement
Among the six sub use cases, only CSI compression is using two-sided model. All the remaining sub use cases are based on one-sided model. The LCM procedure based on two-sided model is relatively different from the LCM of one-sided model, especially from the perspective of model training, model development, model testing, model monitoring, etc. Two-sided model is one key model type regarding model deployment, and two-sided model-based LCM is one typical type of LCM for the AI/ML framework study. So, we think when selecting the sub-use cases included in the Rel-19 WI, both one-sided model and two-sided model should be considered.
Proposal 2: For the sub-use cases selection in Rel-19 WI, both one sided-model based sub use cases and two sided-model based sub use cases should be considered.
For the use case of beam management, the benefit of AI based BM focus on measurement overhead reduction at UE side. Considering the case when AI enabled UEs are coexisting with legacy UEs, legacy UEs may distribute throughout the entire cell. Then network still need to perform legacy beam sweeping for legacy UEs, the RS overhead of network could not be reduced, from network’s perspective. In this case, when the model is deployed at network side, it does not reduce network side RS overhead but increases reporting and training overhead at network side. So, when selecting model sidedness and specifying the enhancement of beam management use case in Rel-19 WI, considering compatibility of AI enabled UEs and legacy UEs is suggested.
Proposal 3: For the enhancement of supported AI enabled use case in Rel-19 WI, the compatibility of AI enabled UEs and legacy UEs could be considered.
For each supported sub-use case, the LCM related procedures and signaling enhancements, including functionality identification/ activation/ deactivation, model transfer/delivery, model identification/ activation/ deactivation/ switching/ selection, model training/ inference/ monitoring, etc., should be specified.
In addition, data collection is a very important component of LCM for AI/ML, the data can be used for training, inference, and monitoring. We think specifying a unified data collection framework to support model training, inference and management could be considered, it is beneficial for the future framework of AI/ML for air interface, not only for Rel-19 specified use cases, but also for the future potential new use cases. And the data collection framework for AI/ML could be the enhancements on the existing framework (e.g., MDT, LPP, L3 reporting), defining a new data collection entity also can be considered. 
For model transfer/delivery, if it is included as part of the WI, the procedure and signaling for model transfer/delivery between the UE and network entities should be specified.
Generally, the potential objectives of Rel-19 AI/ML for air interface are proposed below:
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· Specify procedures, protocol and signaling aspects to support the sub-use cases studied in Rel-18 SI
· Sub-use cases selection for Rel-19 standardization in air interface, considering
· One-sided model based sub use cases and two-sided model based sub use cases, respectively
· Specify LCM related procedures and signaling enhancements for selected use cases, including functionality identification/ activation/ deactivation, model transfer/delivery, model identification/ activation/ deactivation/ switching/ selection, model training/ inference/ monitoring etc. 
· Specify the necessary model ID-based LCM and functionality-based LCM procedure, including LCM related signaling/configuration/measurement/reporting, etc.
· Data collection for AI/ML
· Specify a unified data collection framework to support model training, inference and management, etc.
· Enhancements on the existing framework (e.g., MDT, LPP, L3 reporting), or define a new data collection entity
· Model transfer/delivery
· Specify the procedure and signaling for model transfer/delivery between the UE and network entities
· Model and functionality related UE capability signaling, e.g., static or dynamic UE capability reporting

In addition, it is proposed to consider RAN4 RRM enhancement based on AI/ML with beam management. The motivation is that it is observed that some of the FR2 RRM requirements allow excessively long delay with RX beam sweeping factor (e.g., for cell re-selection, the scaling factor (N1) could be up to 8 for FR2-1). In Rel-18, for the use case of AI/ML based beam management, UE could predict beams in time/spatial domain. This approach is also helpful for UE to perform RX beam sweeping, the RX beam sweeping factor could be reduced or eliminated with AI/ML, the FR2 RRM long delay requirements could be reduced.
The potential objectives are suggested as following:
· With AI/ML based RX beam sweeping, define enhanced RRM requirements for FR2, including
· RRC_IDLE state and RRC_inactive state
· Cell re-selection requirements
· RRC_Connected state
· handover delay
· Radio link monitoring, BFD, CBD, e.g., evaluation period
· SCell activation delay
· Cell identification requirements for intra-frequency and inter-frequency measurements
Proposal 5: With AI/ML based RX beam sweeping, it is proposed to define enhanced RRM requirements for FR2 in RAN4.
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 Motivation
In current evaluation of the selected AI/ML enabled use cases (CSI, beam management, positioning) in Rel-18, the dataset used for model training, model monitoring, and model inference is generated based on 3GPP channel model due to the difficulty to reach consensus on any field dataset for the time being.
However, the 3GPP channel model in TR 38.901 is generally a statistical model with some specific parameters. Theoretically, it is relatively easy that these specific parameters can be learned by AI/ML if the AI/ML model is trained with the dataset generated with this statistic channel model. However, in real network, the realistic channel information is not so easy to be learned by AI/ML. We think the performance gain provided by AI/ML will be optimistic if only the dataset generated by channel model is used for performance evaluation (model training and model inference). The realistic channel information collected form the real world is critical for making AI/ML for air interface trustable, from training, and inference perspective.
Besides, if we use the dataset generated by channel model for both model training and RAN4 testing, it will lead to too optimistic assessment for the AI/ML model. The realistic channel information dataset can lay a solid foundation for the performance tests of AI functionality in RAN4.
Finally, the AI/ML techniques will not only be adopted in 5G-A age, but also play an important role in 6G evolution. There will be more and more use cases studied and specified in future, the realistic channel information can be very meaningful to the study of future use cases.
For different use cases, the formats of the needed model input, ground truth label/output could also be different. For example, the model input/ground truth label could be precoding matrix, raw channel, Type-II liked PMI or something else for the use case of CSI compression and CSI prediction; while for the use case of beam management, the model input could be L1-RSRP, CIR, etc., the ground truth label could be L1-RSRP or best beam index(es). As for the future use cases that haven’t been identified, there might be even more various formats of dataset. The format of realistic channel information should be studied considering the applicable use cases.
However, the dataset collection will consume the air interface resources obviously, while the performance of AI/ML based scheme will suffer some degradation if the amount of training dataset is not sufficient, or the quality of dataset cannot meet the requirements. So, the balance between the sufficiency of realistic channel information and the air interface overhead could be considered in Rel-19.
Finally, with the existence of realistic channel information, how to ensure AI/ML model testability and interoperability is an important issue for RAN4 aspects, which should also be studied in Rel-19.
Proposal 6: It is proposed to setup a Rel-19 SI to study on realistic channel information collection for AI/ML.

 Objectives
A new study item is expected over Rel 19 duration to study the feasibility and potential specification impacts of realistic channel information collection for AI/ML. There are several key aspects to be studied for collection of realistic channel information.
Firstly, the channel information in current NR system is obtained based on various assumptions and implementations, e.g., different channel estimation algorithms, etc., and the channel measurement results will be much related with the assumptions and implementations. Besides, different channel conditions (e.g., different SINR) will also affect the quality of channel measurement results. If the quality of channel information cannot be guaranteed in 3GPP, the bad dataset used for AI model training would make the AI/ML enabled feature even unworkable. Therefore, we need to investigate the requirements of universal dataset of realistic channel information and corresponding format.
Secondly, the channel can be measured at network side or at UE side and then reported to network side. Figure 1 illustrates the general framework of realistic channel information collection. We need to investigate gNB based autonomous collection and UE-reporting based collection. Regardless of which option to be used, we also need to investigate the potential architecture for collecting realistic channel information to construct a dataset which can be used for AI/ML training, RAN4 test and future investigation on AI/ML.


Figure 1. Realistic channel information collection framework for AI/ML

Based on the above discussion, the following objectives are proposed as the starting point for the Rel-19 realistic channel information collection for AI/ML SI.
· Objective 1: Investigate the requirements of universal dataset of realistic channel information and corresponding format.
· Objective 2: Investigate gNB based autonomous collection and UE-reporting based collection.
· Objective 3: Investigate the potential architecture for improving the application of realistic channel information dataset.
This study is mainly carried out in RAN1, but the coordination with other groups working on AI/ML is expected.  

Proposal 7: The potential objectives of Rel-19 SI of study on realistic channel information collection for AI/ML are proposed below:
· Objective 1: Investigate the requirements of universal dataset of realistic channel information and corresponding format.
· Objective 2: Investigate gNB based autonomous collection and UE-reporting based collection.
· Objective 3: Investigate the potential architecture for improving the application of realistic channel information dataset.

Conclusion
In this contribution, we discussed aspects on R19 AI based enhancement SI and WI scope. Based on the discussion, the following proposals have been proposed:
Proposal 1: Support WI of AI/ML for air interface in Rel-19.
Proposal 2: For the sub-use cases selection in Rel-19 WI, both one sided-model based sub use cases and two sided-model based sub use cases should be considered.
Proposal 3: For the enhancement of supported AI enabled use case in Rel-19 WI, the compatibility of AI enabled UEs and legacy UEs could be considered.
Proposal 4: The potential objectives of Rel-19 WI of AI/ML for air interface are proposed below:
· Specify procedures, protocol and signaling aspects to support the sub-use cases studied in Rel-18 SI
· Sub-use cases selection for Rel-19 standardization in air interface, considering
· One-sided model based sub use cases and two-sided model based sub use cases, respectively
· Specify LCM related procedures and signaling enhancements for selected use cases, including functionality identification/ activation/ deactivation, model transfer/delivery, model identification/ activation/ deactivation/ switching/ selection, model training/ inference/ monitoring etc. 
· Specify the necessary model ID-based LCM and functionality-based LCM procedure, including LCM related signaling/configuration/measurement/reporting, etc.
· Data collection for AI/ML
· Specify a unified data collection framework to support model training, inference and management, etc.
· Enhancements on the existing framework (e.g., MDT, LPP, L3 reporting), or define a new data collection entity
· Model transfer/delivery
· Specify the procedure and signaling for model transfer/delivery between the UE and network entities
· Model and functionality related UE capability signaling, e.g., static or dynamic UE capability reporting

Proposal 5: With AI/ML based RX beam sweeping, it is proposed to define enhanced RRM requirements for FR2 in RAN4.
Proposal 6: It is proposed to setup a Rel-19 SI to study on realistic channel information collection for AI/ML.
Proposal 7: The potential objectives of Rel-19 SI of study on realistic channel information collection for AI/ML are proposed below:
· Objective 1: Investigate the requirements of universal dataset of realistic channel information and corresponding format.
· Objective 2: Investigate gNB based autonomous collection and UE-reporting based collection.
· Objective 3: Investigate the potential architecture for improving the application of realistic channel information dataset.
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